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C O L L A B O R A T I VE C O G N I T I O N 

Barbara A. Fox and Lorraine Karen 

Linguistic s Departmen t 

Universit y o f  Colorado ,  Boulde r 

INTRODUCTION 

This paper attempts to show that a central function of human tutorial dialogue is what we will call 

public, or collaborative, cognition, whereby the tutor, with help from the student, makes overt the 

usually private cognitive processes which lie behind problem solving. In this way the tutor and student 

together produce the processes which the student will eventually be called on to do by him or herself 

(for example, on an exam). This phenomenon has not, to the best of our knowledge, been 

documented before for any adult interaction and has not been addressed in the tutoring literature 

(something like it has been discussed in the language development literature; see Ochs & Schieffelin, 

1983:  Vygotsky, 1978). 

We provide support for this hypothesis about tutoring by analyzing two important phenomena in our 

tutoring data: (1) use of analogies, and (2) reading word problems. We have found it especially 

useful to concentrate on these issues since they have both been the source of some controversy in 

cognitive science. 

We also briefly discuss the mechanisms which we believe produce the externalization of internal 

processes. 

BACKGROUND 

The data on which this study is based were collected as part of a larger project on human tutorial 

dialogue. For this larger study, we brought together experienced tutors (graduate students from 

Physics, Chemistry, Computer Science and Math, at the University of Colorado) and students actively 

seeking tutoring (most were undergraduates). We~then video-taped each tutor-student pair in three 

contexts: face-to-face, terminal-to-terminal, and student-to-computer (where the student thought s/he 

was using a computer tutor but in fact was interacting with his/her human tutor). Only the first 

context is relevant to the present report. 
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In this passage, when the analogy is first produced, the student appears not to understand (she 

doesn' t  respond) ,  bu t  afte r  th e tuto r  suggest s on e o f  th e piece s interna l  t o th e bas e ("it' s  go t  m g h " ) , 

th e studen t  i s  abl e t o formulat e anothe r  interna l  piec e ("it' s  go t  potentia l  energ y u p here") .  N o w th e 

relevan t  structur e o f  th e bas e ha s bee n established .  T h e tuto r  the n goe s o n t o provid e tw o relation s 

whic h m a p th e bas e t o th e targe t  ("thi s gu y describe s wha t  kin d o f  gravitationa l  field  ther e is "  an d 

"thi s gu y happen s t o b e on e mete r  from") ,  an d th e studen t  i s  abl e t o produc e th e final  mappin g 

("he' s  lik e th e stone") ;  th e analog y n o w appear s t o b e completel y constructed .  I n thi s example ,  then , 

th e tuto r  an d studen t  publicall y g o throug h th e cognitiv e proces s o f  first  producin g th e relevan t 

interna l  structur e o f  th e base ,  the n mappin g thi s structur e t o th e structur e o f  th e target :  thi s passag e 

i s thu s a  prototypica l  exampl e o f  wha t  w e hav e calle d collaborativ e cognition .  T h e tw o participant s 

wor k togethe r  (obviousl y th e tuto r  lead s th e work )  t o mak e explici t  wha t  migh t  otherwis e g o o n "i n 

th e head "  o f  jus t  on e participant . 

WORD PROBLEMS 

In recent work, Dellarosa (1986), and Dellarosa, Kintsch, Reusser & Weimer (1987) have shown that 

youn g children' s difficult y wit h arithmeti c wor d problem s lie s i n thei r  lac k o f  linguisti c sophistication , 

thei r  inabilit y t o g o fro m th e linguisti c descriptio n (th e wor d proble m itself )  t o th e desire d conceptua l 

representation .  O u r  researc h bot h challenge s support s thi s finding  an d challenge s it .  I t  support s th e 

finding  i n tha t  th e student s i n ou r  stud y clearl y ha d difficultie s wit h wha t  on e migh t  loosel y describ e 

as "understandin g wha t  th e questio n wa s reall y askin g for" ;  tha t  is ,  the y coul d no t  easil y g o fro m 

readin g th e proble m t o settin g u p th e answer ,  eve n i f  the y i n fac t  kne w h o w t o solv e suc h a 

problem .  Thi s indicate s tha t  Dellaros a an d Kintsc h ar e exactl y right ;  wha t  cause s difficult y i s  th e 

mapping ,  i f  yo u will ,  betwee n th e tex t  an d th e conceptualization . 

However, given that our students are college-level, taking very difficult courses, we cannot assume 

tha t  th e troubl e arise s fro m a  lac k o f  linguisti c sophistication ;  b y al l  measures ,  thes e student s ar e 

full y develope d linguistically .  W h y ,  then ,  d o colleg e student s find  wor d problem s problematic ? O u r 
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answer is that the correct interpretation of a word problem (that is, discovering the correct unicnown 

and knowns) is a matter of convention (schema-driven, in a sense, with critical key words and 

phrases), and each student must learn these conventions to solve the problems at hand. Moreover, not 

only are they a matter of convention, but they are a field-specific matter of convention, such that one 

must learn the conventions for each discipline (perhaps even for each new course in a university 

curriculum). In order to know what the problem is "really" asking for, one must be exposed to the 

conventions of problem interpretation. 

The tutors that we have studied take interpretation as one of their central tasks; (hat is, one of their 

major goals appears to be to teach their students how to read the problems. This is not to say that 

there is no conceptual level instruction going on; obviously there is. But both participants appear to 

recognize that this conceptual knowledge will not get a student through an exam if s/he cannot go 

from the problem to the conceptual level. 

The fact that tutors engage in this behavior is supported by examples like the following, wherein the 

tutor and student explicitly address what the problem is asking for. 

T: [reading problem] How close must two electrons be if 

th e electri c forc e berwee n the m i s equa l  t o th e weight , 

of  eithe r  a t  th e earth' s surface . 

S:  S o thi s i s th e formul a I  picke d out .  Wha t  the y wan t 

i s th e force.Right ? 

Right . 

No the y wan t  ho w clos e the y shoul d be . 

Right ,  bu t  that' s wha t  tha t  is ,  right ? 

Yeah . 

Th e followin g tuto r  comment s furthe r  demonstrat e th e genera l  concern : 

T: [reading problem] Given three point charges, fixed 

at  thre e corner s o f  a  square .  Fin d th e electri c field 

and tendenc y vecto r  ee ,  a t  th e corne r  pee ,  wit h n o 

charge ,  thi s i s exactl y lik e th e proble m w e jus t  did . 

S:  Right . 

T:  An d sho w th e directio n wit h a  carefull y draw n arrow . 
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So,  you' d hav e t o find  th e angle s o f  it . 
S:  Aha . 

I t  shoul d b e clea r  fro m thes e example s tha t  tutor s ar e concerne d wit h th e issu e o f  interpretin g th e 

problem. Now we need to ask how the tutors go about this task. Our claim is that they go about 

this task by making explicit, making public, some version of their own thoughts when they solve 

problems, e.g. what sorts of questions they ask themselves at a given point, what certain kinds of 

key phrases they look for. and how to judge if a problem is "the same" as some other problem. In 

other words, the tutors make public the schemas they believe are necessary for understanding certain 

kinds of problems. 

A clear example of this phenomenon follows. 

T: [reading problem] What is the speed of a three 

hundre d an d fift y E V electron .  Okay . 

(1.2 ) 

T:  S o th e mai n thin g here ,  I  mean ,  whe n yo u loo k a t  that , 

what  i s electro n volts ,  wha t  kin d o f  a  wha t  ar e w e 

talkin g about . 

T:  S o the y wan t  yo u t o relat e spee d t o energy . 

S:  O h ,  okay . 

T:  W h e n yo u loo k a t  this ,  yo u kno w yo u go t  thi s 

35 0 electro n volts ,  an d yo u go -  an d yo u alway s 

go ,  o n m y G o d wha t  wha t  i s a n electro n volt ,  an d 

the n i f  yo u ca n an y wa y foo l  aroun d wit h th e units , 

t o figure  ou t  wel l  wha t  i s i t  I' m talkin g about , 

yo u know ,  an d yo u g o wel l  it' s  q  time s v  an d yo u 

loo k ove r  you r  equatio n an d yo u g o oka y wel l  that's ,  wor k 

and energ y ar e th e sam e thing . 

I n thi s passag e th e tuto r  model s fo r  th e studen t  ho w t o g o fro m wha t  i s explicitl y  give n i n th e word s 

of the problem to other formulations of the same facts, to arrive at the "real" question the problem is 

posing. In her final comments she even gives a general strategy for how to get from the superficial 
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structure of the problem to what "I'm talking about." She models this process by making overt some 

versio n o f  he r  ow n interna l  cognitiv e step s (wha t  thi s "version "  i s wil l  b e clarifie d below. ) 

C O N C L U S I O NS 

We hav e demonstrate d i n thi s stud y tha t  on e o f  th e mai n task s o f  a  tuto r  i s t o mak e publi c processe s 

whic h migh t  otherwis e tak e plac e privately ,  withi n th e "head "  o f  on e person .  Thi s modelin g o f 

normall y privat e problem-solvin g behavio r  i s invaluabl e fo r  student s becaus e i t  allow s the m t o 

participat e in ,  t o whateve r  exten t  the y ar e able ,  a  proces s whic h i s otherwis e inaccessibl e t o the m an d 

whic h the y wil l  soo n hav e t o b e abl e t o d o alone . 

It is important to note at this point that in making their internal processes explicit the tutors are not 

merel y goin g throug h th e step s the y woul d g o throug h i f  the y wer e workin g a  proble m alon e 

(althoug h thi s doe s happe n o n occasion) ;  clearl y thos e procedure s ar e to o compile d t o b e o f  muc h us e 

t o a  novice .  No r  d o the y (usually )  mak e explici t  th e interna l  processe s o f  th e curren t  student ;  clearl y 

tha t  woul d b e o f  n o learnin g valu e t o th e student .  S o wha t  th e tutor s d o i s engag e i n makin g 

explici t  th e idea l  cognitiv e processe s o f  a  goo d novice ,  no t  o f  a n exper t  an d no t  o f  th e exac t  studen t 

sittin g befor e the m (Anderso n e t  al ,  1986) .  However ,  th e tutor s d o thi s no t  b y imaginin g a n abstrac t 

good novice ,  bu t  b y projectin g th e particula r  studen t  involve d int o th e role .  Tha t  is ,  the y displa y ho w 

thi s particula r  studen t  woul d ideall y behav e face d wit h thi s problem .  Thi s tacti c allow s th e studen t  t o 

see som e extende d versio n o f  his/he r  ow n cognitiv e processe s successfull y solvin g problems .  I n thi s 

way th e studen t  i s maximall y encouraged ,  inasmuc h a s s/h e see s him/hersel f  a t  a  leve l  beyon d th e 

curren t  level . 
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