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Abstrac t 

We compared cognitive processing of two complex 
arithmeti c wor d problem s b y colleg e student s randoml y 
assigne d t o fou r  differen t  situatin g too l  an d socia l 
contexts :  individualize d proble m solvin g wit h pe n an d 
paper ;  pai r  proble m solvin g wit h pe n an d paper ; 
individualize d proble m solvin g o n TAPS ,  a  computer-base d 
proble m solvin g tool ;  an d collaborativ e proble m solvin g 
on TAPS .  Althoug h the y solve d identica l  wor d problems , 
TAPS user s differe d fro m user s o f  conventiona l  tool s i n tha t 
the y require d relativel y mor e tim e fo r  proble m solving , 
spent  mor e tim e i n plannin g activity ,  an d proportionatel y 
les s tim e reading .  Wit h respec t  t o th e influence s o f  socia l 
(versu s individual )  proble m solving ,  collaboratio n als o 
produce d significantl y mor e plannin g behavior ,  suc h tha t 
th e combine d us e o f  TAP S an d collaboratio n produce d a 
marke d increas e i n planning .  Also ,  significantl y mor e 
behavio r  associate d wit h metacognitiv e monitorin g 
occurre d i n th e protocol s fo r  pairs .  Ther e wa s n o evidenc e 
tha t  us e o f  th e TAP S too l  change d th e socia l  natur e o f  th e 
collaboration .  However ,  a  qualitativ e analysi s yielde d 
interestin g informatio n regardin g negotiatio n processe s 
underlyin g pai r  proble m solving .  Fo r  example ,  w e sa w 
specificall y som e reason s wh y untraine d pai r  proble m 
solvin g doe s no t  procee d naturall y an d smoothly .  Result s 
ar e interprete d i n term s o f  situate d cognitio n theory , 
althoug h symboli c processin g theorie s als o ca n explai n 
much o f  th e data . 

I s P r o b l e m Solv in g Si tuated ? 

Numerous theorists (e.g. Vygotsky , 1978; Lave and 
Wenger ,  1991 ;  N e w m a n ,  Griffin ,  &  Cole ,  1989 )  hav e 
suggeste d tha t  thinkin g i s  bot h physicall y an d sociall y 
situated ,  meanin g tha t  proble m task s ar e forme d an d change d 
by th e tool s an d socia l  setting s tha t  situat e th e problem . 
We hypothesize d tha t  th e "same "  problem-solvin g tas k 
woul d b e altere d b y differen t  thinkin g tool s an d socia l 
structure s i n th e sens e tha t  th e differen t  situatin g condition s 
woul d influenc e cognitiv e processin g i n predictabl e ways . 
We compare d cognitiv e processin g o f  tw o comple x 
arithmeti c wor d problem s b y colleg e student s wh o wer e 
randoml y assigne d t o fou r  differen t  situatin g too l  an d socia l 
contexts :  individualize d proble m solvin g wit h pe n an d 
paper ;  pai r  proble m solvin g wit h pe n an d paper ; 
individualize d proble m solvin g o n T A P S ,  a  computer-base d 
proble m solvin g tool ;  an d collaborativ e proble m solvin g o n 
th e T A P S system .  Ou r  stud y ha s relevanc e fo r  educationa l 
practic e becaus e i t  examine s typica l  cognitiv e processin g a s 

migh t  occu r  i n typica l  educationa l  settings .  Bot h individua l 
and collaborativ e wor k wit h wor d problem s i s commo n i n 
K-1 2 an d adul t  educatio n classe s concerne d wit h developin g 
problem-solvin g ability .  Also ,  T A P S i s  implemente d i n 
adul t  educationa l  center s an d resemble s othe r  reflection-typ e 
compute r  tool s tha t  hav e bee n develope d i n recen t  year s fo r 
proble m solvin g instructio n (e.g. ,  Collin s &  Brown ,  1988 ; 
Lajoi e &  Derry ,  1993) . 

Background: Description of TAPS System 

TAPS is a computer-based instructional tool designed to 
hel p student s develo p metacognitiv e skill s an d awareness , 
wher e metacognitio n refer s t o one' s knowledg e o f  th e 
thinkin g proces s itsel f  an d ho w t o contro l  it .  Example s o f 
metacognitiv e processe s targete d b y T A P S includ e strategi c 
plannin g an d comprehensio n monitoring .  Metacognitiv e 
instructiona l  goal s ar e justifie d b y analyse s o f  typica l 
problem-solvin g difficultie s (e.g. ,  Derry ,  1989 ;  Schoenfeld , 
1987) ,  whic h hav e show n tha t  man y adul t  problem-solvin g 
error s ar e du e t o metacognitiv e failur e rathe r  than ,  o r 
sometime s i n additio n to ,  lac k o f  mathematic s concepts . 

An exampl e scree n displa y fro m T A P S i s  show n a s 
Figur e 1 .  I n designin g TAPS ,  w e embrace d Vygotsky' s 
(1978 .  trans )  notio n o f  cognitiv e tool s —object s provide d b y 
th e learnin g environmen t  tha t  permi t  student s t o incorporat e 
ne w auxiliar y method s o r  symbols ,  whic h otherwis e woul d 
be unavailable ,  int o thei r  problem-solvin g activity .  Th e 
majo r  cognitiv e too l  provide d b y T A P S i s a  graphic s 
interfac e tha t  facilitate s constructio n o f  proble m trees , 
networ k structure s showin g interrelationship s amon g al l 
relevan t  set s i n a  proble m situation ,  specifyin g th e subgoa l 
structur e o f  th e problem ,  an d illustratin g a  solutio n path . 
By labelin g th e tree ,  student s als o mak e explici t  thei r 
semanti c understandin g o f  concept s an d relationship s tha t 
underli e thei r  choic e o f  arithmeti c operations .  Suc h tree s 
provid e graphi c reification s o f  abstrac t  structure s tha t 
otherwis e woul d b e implied ,  makin g the m publi c an d 
availabl e fo r  discussion ,  manipulation ,  an d comparison . 
Theoretically ,  thi s typ e o f  environmen t  shoul d encourag e 
and affor d reflectio n an d metacognitiv e awarenes s (e.g. , 
Reusser ,  1993 ;  Collin s &  Brown ,  1988) ,  producin g 
positiv e immediat e an d residua l  effect s o n proble m solving . 

Method and Data Source 

Volunteer subjects, who identified themselves as weak in 
mathematics ,  wer e solicite d fro m a  larg e undergraduat e 
educationa l  psycholog y cours e an d receive d cours e credi t  fo r 
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en 

Figur e 1 :  th e T A P S scree n 

participation .  Forty-eigh t  student s wer e randoml y assigne d 
t o on e o f  fou r  treatmen t  conditions .  I n Treatmen t  1 ,  sixtee n 
student s worice d collaborativel y i n pair s o n th e T A P S 
system .  Eac h sessio n consiste d o f  workin g on e trainin g an d 
one practic e proble m o n th e system ,  followe d b y th e 
pizza "  an d th e "politics "  problems ,  i n counterbalance d 

order .  Th e politic s proble m i s give n a s a n example : 

In the State of Forgottonia. Representative 
Blac k i s pushin g a  ne w colleg e loa n program . 
Fift y minorit y an d 8 0 majorit y part y 
representative s presen t  toda y ar e i n favo r  o f 
th e bill .  On e hundre d representative s presen t 
toda y ar e unalterabl y oppose d t o th e bill . 
Followin g Governo r  White' s impassione d 
attac k o n th e bill ,  enoug h uncommitte d vote s 
'switched '  t o oppose d s o tha t  th e sam e 
number  o f  representative s ar e pledge d agains t 
th e bil l  a s ar e pledge d i n favo r  o f  th e bill .  N o 
othe r  vot e switche s too k place .  I f  ther e ar e 
stil l  12 0 uncommitte d representative s o n thi s 
bill ,  ho w m a n y wer e uncommitte d befor e 
Governo r  White' s speech ? 

Treatment 2 was like Treatment 1, except that eight 
student s worke d thei r  problem s o n T A P S individuall y an d 
wer e instructe d t o thin k alou d durin g proble m solving .  I n 
Treatmen t  3 ,  eigh t  studen t  pair s worke d collaborativel y o n 
identica l  problem s usin g onl y standar d tool s (pen ,  pape r  an d 
a calculator) .  I n treatmen t  4 ,  eigh t  student s worke d 
independentl y usin g standar d tool s whil e thinkin g ou t  loud . 

Session s wer e videotaped ,  resultin g i n eigh t  tape s fo r  eac h 
condition .  T o minimiz e effect s o f  unfamiliarit y wit h 
T A P S,  a s wel l  a s t o achie\̂ e a  manageabl e data-analysi s 
task ,  onl y th e secon d experimenta l  proble m fro m eac h 

protoco l  wa s used .  Analyse s thu s combin e dat a fro m tw o 
wor d problems ,  balance d acros s cells ,  whic h wa s supporte d 
by analyse s tha t  faile d t o differentiat e betwee n th e problems . 

Effects of Social Condition and Tool Use 
o n M e t a c o g n i t i o n a n d In te rac t io n 

Since TAPS was designed to promote both metacognition 
and mor e productiv e an d reflectiv e collaborativ e proble m 
solving ,  w e hypothesize d (1 )  tha t  th e fou r  differen t  situatin g 
condition s represente d i n thi s stud y woul d significantl y alte r 
metacognitiv e processing ;  an d (2 )  tha t  th e T A P S too l  itsel f 
woul d significantl y alte r  th e socia l  interactio n o f  pai r 
proble m solving .  T o permi t  testin g o f  thes e hypotheses ,  w e 
devise d codin g scheme s fo r  observin g an d quantifyin g 
behavior s associate d wit h variou s type s o f  metacognitiv e 
processin g an d socia l  cognition .  Thi s codin g syste m (Se e 
Tabl e 1 )  evolve d throug h reflectiv e discussion s o f  videotape s 
and stud y o f  th e literatur e tha t  ha s employe d verba l  protoco l 
researc h t o stud y metacognitio n an d socia l  interactio n i n 
proble m solvin g (e.g. ,  Schoenfeld ,  1987 ;  Clement s & 
Nastasi ,  1988 ;  Arz t  &  Armour -Thomas ,  1992) .  It s 
reliability ,  a s measure d b y percentag e agreemen t  betwee n 
independen t  raters ,  exceede d .90 . 

Metacognitive Coding Analysis 

The first analysis focused on metacognition. Each fifteen-
secon d interva l  fo r  eac h protoco l  wa s code d fo r  evidenc e o f 
th e metacognitiv e processe s describe d i n th e firs t  hal f  o f 
Tabl e 1 .  Multipl e code s occasionall y occurre d withi n singl e 
intervals ,  whic h wa s permitted .  Fo r  example ,  bot h readin g 
and comprehensio n monitorin g sometime s occu r  withi n th e 
same interval .  Th e fou r  situatin g condition s wer e the n 
compare d o n th e basi s o f  tota l  tim e spen t  b y student s i n 
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Tabl e 1 :  Outlin e o f  Majo r  Categorie s o f  Codin g Scheme s 

I. Metacognitive Behaviors 

READING: A fifteen-second interval was coded "R" if any 
readin g behavio r  occurre d durin g tha t  interval .  Readin g i s 
define d a s attentio n pai d t o th e actua l  word s o f  th e problem . 
Th e subcategorie s were :  reading ,  rereading ,  underlining , 
focusing ,  not e taking ,  an d inferencing . 
P L A N N I N G:  Thi s cod e wa s use d i f  th e interva l  include d 
decision-makin g abou t  wha t  t o do .  Th e subcode s include d 
rang e (distan t  o r  immediate) ,  directio n (forwar d o r  backward) , 
goal  (directe d o r  undirected) ,  an d wha t  (operation ,  goal ,  o r 
strategy) . 
M O N I T O R I N G:  A n interva l  wa s code d a s monitorin g i f  i t 
include d thinkin g abou t  thinking .  W h e n monitorin g wa s o f 
th e interfac e us e instea d o f  th e wor d problem ,  th e interfac e 
cod e wa s recorde d a s well .  Th e sub-categorie s included : 
erro r  checking ;  comprehensio n monitoring ;  an d 
questioning/clarifying . 
I N T E R F A C E:  A n y attentio n pai d directl y t o th e interfac e 
was coded . 
C A R R Y I NG O U T :  Thi s cod e wa s reserve d fo r  calculatin g 
and othe r  over t  activit y associate d wit h solvin g th e problem , 
ofte n i n th e absenc e o f  noticeabl e metacognition . 

II. Social Behaviors 

OBTAINING INFORMATION/HELP FROM OTHER. 
Subcategorie s included :  Asking ;  Attendin g to ;  Clarifyin g 
other' s meaning ;  Usin g other' s idea ;  Consensu s testing . 
(Tabl e continues ) 
G I V I N G I N F O R M A T I O N / A S S I S T A N C E:  Subcategorie s 
included :  Answerin g question ;  Correcting ;  Contributin g 
opinio n o r  idea ;  Suggestin g actio n o r  interpretation ; 
Justifyin g actio n o r  interpretation ;  Givin g affectiv e support ; 
Agreeing . 
D I S P L A Y I N G N O N S O C I AL B E H A V I O R :  Subcategorie s 
included :  Bein g negativ e towar d task ;  Criticizin g partner ; 
Isolating ;  Bossing ;  No t  attending . 
E P I S O D E S:  Thes e wer e code d serie s o f  interaction s 
overlayin g othe r  code s note d above .  Subcategorie s included : 
Conflict/argument ;  Conflic t  resolution ;  Negotiation ; 
Leadership ;  Domination . 

problem-solvin g activit y an d als o o n th e basi s o f  wha t  type s 
of  metacognitiv e activit y wer e observe d (expresse d a s 
percentag e o f  tim e spen t  i n categorie s o f  Tabl e 1) .  Result s 
ar e depicte d i n Figur e 2a-f . 

Statistica l  test s fo r  mai n effect s (pen/pape r  versu s T A P S 
and pair s versu s individuals )  fo r  th e categorie s o f  reading , 
planning ,  monitoring ,  an d carryin g ou t  a  solutio n wer e 
compute d usin g adjuste d Mann-Whitne y U  tests ,  a  procedur e 
suitabl e fo r  smal l  sample s tha t  doe s no t  requir e homogeneit y 
of  variance .  A s indicate d b y Figur e 2a ,  student s workin g 
wit h th e T A P S too l  spen t  nearl y fou r  time s longe r  workin g 
on thei r  experimenta l  proble m compare d t o subject s i n th e 
non -TAP S conditions ,  a  clearl y significan t  difference .  I t 
was possibl e t o adjus t  thes e mean s b y removin g tim e spen t 
attendin g t o th e compute r  interface ,  o n th e assumptio n tha t 

additiona l  tim e adde d b y th e interfac e i s possibl y irrelevan t 
sinc e i t  likel y woul d b e reduce d wit h mor e practice .  Thi s 
adjustmen t  i s  reflecte d i n Figur e 2c ,  wher e bar s labele d 
"TAP s proble m time "  sho w tim e spen t  i n problem-solvin g 
activit y wit h interfac e tim e removed ,  an d ca n b e compare d t o 
" T A P S tota l  time, "  whic h include s tim e spen t  attendin g t o 
interface .  I n bot h analyses ,  th e tim e differenc e wa s marked : 
T A PS user s require d m u c h mor e tim e t o solv e thei r 
problems . 

Give n thi s difference ,  i t  i s  natura l  t o as k whethe r  T A P S 
subject s performe d noticeabl y bette r  o r  wors e tha n subject s 
usin g pen ,  paper ,  an d calculator .  Th e probabilit y o f 
obtainin g a  correc t  solutio n wa s .5 0 ( 4 ou t  o f  8  protocols ) 
fo r  Pen/Paper-Individual ,  .5 0 ( 4 ou t  o f  8  protocols )  fo r 
Pen/Paper-Pair ,  .87 5 ( 7 ou t  o f  8  protocols )  fo r  TAPS-Pair , 
and .75 0 ( 6 ou t  o f  8  protocols )  fo r  th e T A P S -Individua l 
group .  Thi s differenc e i s no t  statisticall y reliable ,  a s ou r 
sampl e siz e wa s to o smal l  t o detec t  a  treatmen t  effec t  o f  thi s 
magnitude .  However ,  tha t  bot h T A P S group s excelle d i s 
suggestiv e o f  a  positiv e trend . 

Severa l  a  prior i  hypothese s wer e advance d wit h respec t  t o 
th e metacognitiv e categorie s o f  plannin g an d monitoring .  I t 
was expecte d tha t  bot h workin g i n pair s an d T A P S us e 
woul d increas e planning .  Employin g adjuste d Mann -
Whitne y U-test s w e determine d tha t  pair s carrie d ou t 
significantl y mor e plannin g activit y tha n di d individual s 
(z=2.47 ,  p<.05) ,  an d T A P S subject s conducte d significantl y 
mor e plannin g tha n di d subject s usin g pe n an d pape r 
(z=1.97 ,  p<.05) .  Th e tes t  fo r  th e interactio n wa s no t 
stafisticall y significan t  ( z =  -0.544) ;  however ,  th e additiv e 
effec t  o f  T A P S an d pai r  collaboratio n wa s t o strongl y 
increas e plannin g behavior ,  a s indicate d i n Fig .  2b . 

I n addifion ,  i t  wa s expecte d tha t  pair s woul d displa y 
relativel y mor e monitorin g behavio r  tha n individual s a s a 
natura l  consequenc e o f  mutua l  engagemen t  i n proble m 
solving .  I t  wa s als o anticipate d tha t  T A P S woul d increas e 
thi s monitorin g behavior ,  whic h woul d resul t  fro m makin g 
abstrac t  aspect s o f  proble m solution s mor e concret e an d 
visible ,  thu s promptin g mor e discussio n an d questioning . 
As show n i n Figur e 2d ,  pair s carrie d ou t  significantl y mor e 
monitorin g tha n di d individual s ( z =  4.35 ,  p < .05) ,  bu t  th e 
differenc e betwee n T A P S an d non-TAP S subject s wa s no t 
statisticall y reliabl e ( z =  0.31) . 

Test s fo r  th e readin g an d carrying-ou t  phase s als o wer e 
conducted ,  revealin g on e statisticall y significan t  mai n effect : 
Thos e usin g T A P S spen t  onl y 30 .34 % o f  thei r  problem -
solvin g tim e reading ,  wherea s subject s usin g standar d tool s 
spen t  nearl y 7 0 % o f  thei r  proble m tim e i n activit y tha t 
coul d b e characterize d a s readin g (se e Fig .  2e) . 

Social Coding Analysis. 

The purpose of this analysis was to compare and describe 
th e socia l  interaction s tha t  occurre d durin g pai r  proble m 
solvin g bot h wit h an d withou t  T A P S .  Eac h 15-secon d 
interva l  i n pai r  protocol s onl y wa s code d usin g th e socia l 
interactio n codin g schem e outline d a t  th e botto m o f  Tabl e 1 . 
Again ,  multipl e codin g o f  interval s wa s permitted .  Fo r 
example ,  withi n th e sam e interval ,  bot h helpin g behavio r 
and negativ e attitude s migh t  b e observed .  Th e T A P S an d 
non-TAP S pair s wer e the n compare d fo r  eac h majo r  categor y 
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I n t e r va l  D u r a t i o n P e r c e n t a g e P l a n n i n g 

P e r c e n t a g e P r o b l e m T i m e P e r c e n t a g e M o n i t o r i n g 

^ ^ 

P e r c e n t a g e R e a d i n g C a r r y o u t P e r c e n t a 

2f 

Figure 2a-2f: Tieaunent duration (expressed as total number of coding intervals) and mean percentages of those 

interval s associate d wit h type s o f  cognitiv e activity :  fou r  treatmen t  group s compared . 
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an d sub-categor y o f  socia l  behavior ,  usin g th e adjuste d 
Mann-Whitne y procedure .  I n sum ,  thi s analysi s produce d 
onl y wea k evidenc e tha t  too l  us e change d th e natur e o f  socia l 
interactions .  O n e statisticall y significan t  differenc e wa s 
found :  T A P S pair s m a d e mor e suggestion s tha n di d non -
T A PS pairs .  However ,  give n th e numbe r  o f  comparison s 
made an d th e fac t  tha t  n o othe r  tes t  i n th e famil y o f  helpin g 
behavior s wa s significant ,  w e conclude d ther e wa s onl y ver y 
modest  statistica l  evidenc e tha t  differentia l  too l  us e affecte d 
th e socia l  aspec t  o f  collaborativ e proble m solving . 

Perhap s mor e strikin g wer e som e obviou s between-grou p 
similaritie s i n overal l  pattern s o f  socia l  interactio n observe d 
fro m inspectin g th e data .  I n bot h conditions ,  mor e tim e wa s 
spen t  givin g a s oppose d t o receivin g help .  Ther e wa s littl e 
argumentativ e conflic t  o r  domination ,  althoug h a  grea t  dea l 
of  negotiatio n occurre d i n bot h conditions .  Also ,  ther e wer e 
almos t  n o "nonsocial "  behavior s i n eithe r  condition . 

Qualitative Analysis of Protocol Data 

We also conducted a detailed qualitative analysis of each 
protocol .  Spac e prohibit s sharin g o f  protocols ,  s o summar y 
findings  onl y ar e give n below . 

1. Social Dominance. 
Althoug h ou r  initia l  codin g o f  protocol s di d no t  revea l 

m u ch extrem e socia l  dominance ,  a  sociall y subtl e bu t 
definitiv e intellectua l  leadershi p b y on e partne r  ove r  th e 
othe r  wa s observe d i n virtuall y ever y protocol .  Occasionall y 
thi s leadershi p rol e woul d b e swappe d durin g proble m 
solving ,  bu t  on e m e m b e r  o f  th e tea m coul d alway s b e 
define d a s leadin g th e proces s o f  meanin g construction . 

2. The Importance of Insight 
Th e proble m solvin g i n ou r  sample s exhibite d a  decide d 

Gestalt-lik e qualit y i n tha t  i t  proceede d largel y b y data-drive n 
searc h followe d b y insight .  Pair s proceede d b y reading , 
reflecting ,  an d sometime s floundering  unti l  a n "Ah a 
experience "  occurred ,  ofte n quit e suddenly . 

Efficien t  pair s behave d a s follows :  Afte r  a  shor t  perio d o f 
thoughtfu l  readin g an d reflecting ,  a  singl e insigh t  tha t  i s  ke y 
t o th e solutio n i s experience d b y on e partner ,  w h o i s abl e t o 
quickl y brin g th e othe r  partne r  t o understandin g o f  th e 
insight .  The y solv e th e proble m wit h littl e monitorin g o r 
checking .  Inefficien t  bu t  successfu l  pair s als o relie d heavil y 
on data-drive n searc h an d insight .  However ,  inefficien t  pair s 
ofte n experience d a  numbe r  o f  piecemea l  insight s rathe r  tha n 
on e ke y organizin g framework .  Sometime s a n insigh t  ca n 
be incorrect ;  o r  i t  m a y a  relevan t  on e bu t  no t  th e ful l  "key " 
t o th e solution .  Weake r  pair s ha d difficult y evaluatin g thei r 
insight s an d som e quickl y abandone d goo d insight s withou t 
explorin g thei r  implications . 

3. Peer Tutoring and Explaining 
Whenever  on e perso n experience d wha t  the y perceive d t o 

be a n importan t  insigh t  int o th e problem ,  the y inevitabl y 
attempte d t o shar e i t  wit h th e partner .  Thi s wa s alway s th e 
poin t  wher e som e degre e o f  coachin g o r  pee r  tutorin g 
occurred ,  a s th e perso n wit h understandin g trie d t o coa x th e 
partne r  t o se e an d accep t  it . 

Thus ,  collaboratin g ofte n introduce d a  ne w dimensio n int o 
th e proces s o f  definin g wha t  th e proble m wa s about :  a 
significan t  par t  o f  th e proble m becam e "selling "  a n ide a t o 
an uncertai n o r  questionin g partner .  "Selling "  involve d 
insisten t  explainin g an d w a s somet ime s slightl y 
argumentative .  I f  th e othe r  partne r  faile d t o understand ,  o r  i f 
the y wer e workin g o n a  competin g understanding ,  resistanc e 
woul d b e expresse d a s doubtfu l  questioning .  However , 
becaus e thi s "selling "  proces s wa s typicall y les s confrontiv e 
tha n wa s arguing ,  i t  wa s ofte n code d a s "negotiating "  rathe r 
tha n a s "conflict "  i n ou r  initia l  quantitativ e socia l  analysis . 

4. Competing Understandings 
I t  wa s ver y c o m m o n fo r  tw o solver s t o promot e 

competin g understanding s and/o r  approaches .  Fo r  example , 
i n on e protocol ,  a  partne r  wa s attemptin g t o wor k forwar d 
fro m given s an d repeatedl y scrolle d th e workspac e t o permi t 
th e addin g o f  step s belo w th e first  one .  Th e othe r  partner , 
believin g the y woul d b e workin g backwar d fro m th e goal , 
woul d repeatedl y counte r  b y scrollin g th e compute r  scree n s o 
tha t  the y coul d ad d step s abov e thei r  first  entry .  Neithe r 
partne r  understoo d wha t  th e othe r  wa s thinking . 

Sinc e comple x wor d problem s ca n b e solve d wit h differen t 
strategie s an d solutio n paths ,  i t  i s  quit e possibl e tha t  bot h 
competin g understanding s m a y b e valid .  Thus ,  i n severa l 
protocols ,  th e dominan t  partne r  wa s sellin g a  viewpoin t  a t 
th e expens e o f  anothe r  als o vali d viewpoin t  hel d b y a  weake r 
partner .  Th e solutio n i n suc h protocol s i s a s muc h sociall y 
as "cognitively "  negotiate d (Clement s &  Nastasi ,  1992) . 

5. Computer Difficulties 
A facto r  accountin g fo r  som e spee d difference s betwee n 

T A PS an d non-TAP S condition s wa s tha t  a  fe w student s 
wer e slo w an d awkwar d wit h a  compute r  mouse . 

6. TAPS and Representation 
T A PS ca n complicat e proble m solvin g i n th e followin g 

way:  Fo r  som e subject s usin g th e syste m ther e wer e tw o 
separat e stage s t o proble m solving :  obtainin g a n answe r 
followe d b y th e proble m o f  representin g th e tre e o n th e 
system .  Sometime s th e representatio n stag e wa s regarde d a s 
a chec k o n a n origina l  solutio n hypothesis . 

By contrast ,  fo r  som e subject s usin g T A P S th e processe s 
of  representatio n an d solutio n finding  wer e full y integrated . 
That  is ,  som e subject s employe d th e T A P S tool s t o hel p 
the m understan d an d solv e simultaneousl y whil e other s 
employe d T A P S t o hel p the m mak e visibl e a n otherwis e 
hidden ,  menta l  proble m solvin g process . 

Thi s adde d complicatio n affect s socia l  interactio n t o th e 
exten t  tha t  i t  make s th e problem ,  an d henc e th e require d 
communication ,  mor e complex . 

7. Heuristics and Strategy 
Th e mos t  c o m m o n proble m solvin g strateg y wa s data -

drive n searc h fo r  insight .  Fo r  bette r  proble m solvers ,  thi s 
strateg y wa s efficien t  an d effective .  Fo r  poo r  proble m 
solvers ,  thi s strateg y ha d a  differen t  appearance .  Les s 
effectiv e proble m solver s sometime s consciousl y use d 
heuristic s t o hel p the m searc h th e proble m space .  Fo r 
example ,  on e inefficien t  pai r  trie d severa l  heuristics ,  suc h a s 
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"examin e th e goa l  statemen t  first"  an d "pul l  ou t  th e 
numbers. "  Sometime s thes e heuristi c activitie s successfull y 
le d t o insight s an d sometime s the y di d not .  I n som e 
protocols ,  severa l  heuristi c strategie s wer e trie d an d thes e al l 
le d t o som e significan t  insight ,  bu t  thes e insight s wer e no t 
pursue d deepl y an d lon g enoug h t o lea d t o understanding . 
Such proble m solver s appeare d t o jum p fro m ide a t o idea , 
abandonin g eac h befor e importan t  relationship s wer e found . 

Discussion 

Although they solved identical word problems, TAPS 
user s differe d fro m user s o f  conventiona l  tool s i n tha t  the y 
require d relativel y mor e tim e fo r  proble m solving ,  spen t 
more tim e i n plannin g activity ,  an d proportionatel y les s 
tim e reading .  Wit h respec t  t o th e influence s o f  socia l 
(versu s individual )  proble m solving ,  collaboratio n als o 
produce d significantl y mor e plannin g behavior ,  suc h tha t  th e 
combine d us e o f  T A P S an d collaboratio n produce d a  marke d 
increas e i n planning .  Also ,  significantl y mor e behavio r 
associate d wit h metacognitiv e monitorin g occurre d i n th e 
protocol s fo r  pairs .  Ou r  quantitativ e analysi s produce d n o 
stron g evidenc e tha t  us e o f  th e T A P S too l  change d th e socia l 
natur e o f  th e collaboration .  However ,  th e qualitativ e 
analysi s indicate d tha t  fo r  som e (thoug h no t  all )  subject s th e 
T A PS too l  tende d t o "spli t  apart "  proble m solvin g int o 
separat e representationa l  an d proble m solvin g issues ,  whic h 
complicate s th e socia l  proble m solvin g process .  Also ,  th e 
qualitativ e analysi s demonstrate d tha t  proble m solvin g i n 
pair s involve s a  particula r  combinatio n o f  cognitiv e 
negotiatio n an d socia l  dominanc e tha t  w e referre d t o a s 
"selling. "  Finally ,  whil e ther e wa s n o evidenc e tha t 
collaboratio n improve d proble m solvin g efficienc y o r 
outcome ,  ther e wa s som e suggestiv e evidenc e tha t  T A P S 
use migh t  increas e accuracy . 

Our  finding s ad d validit y t o th e situate d cognitio n 
viewpoint ,  tha t  th e sam e problem-solvin g tas k unde r 
differen t  socia l  organizatio n an d too l  condition s i s no t  th e 
same tas k a t  all .  Nevertheless ,  mos t  processin g difference s 
among treatmen t  condition s ca n b e easil y explaine d b y mor e 
traditiona l  symboli c processin g theory .  Fo r  example , 
observe d increase s i n plannin g behavio r  ca n b e explaine d b y 
referenc e t o th e idea s tha t  introductio n o f  unfamilia r  tool s o r 
socia l  condition s promote s a  novic e styl e o f  proble m 
solving ,  widel y believe d t o b e heuristicall y guided .  Also , 
th e "pullin g apart "  (e.g. ,  N e w m an e t  al. ,  1989 )  o f  th e T A P S 
proble m solvin g tas k int o consciou s representationa l  an d 
proble m solvin g issue s als o ca n b e explaine d i n term s o f  th e 
informatio n processin g ide a tha t  student s hav e no t  ye t 
automate d thei r  us e o f  T A P S interfac e tools .  However ,  th e 
situate d viewpoin t  doe s direc t  attentio n t o influence s o f  th e 
socia l  contex t  o n processing .  Ou r  qualitativ e analysi s i n 
particula r  yielde d interestin g an d importan t  informatio n 
regardin g th e cognitiv e processe s o f  socia l  proble m solving . 
Simila r  t o wha t  Teasle y (1992 )  observe d wit h children ,  w e 
see reason s wh y untraine d pai r  proble m solvin g doe s no t 
procee d naturall y an d smoothl y fo r  adults . 

I t  i s  clea r  tha t  distinctiv e processin g change s d o occu r 
when ne w tool s an d socia l  condition s ar e introduce d a s 
alteration s i n standar d proble m solvin g procedures .  A s suc h 
introduction s tak e plac e routinel y i n classroo m an d othe r 

real-worl d environments ,  furthe r  researc h o n thei r  impact s i s 
necessar y an d useful . 
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