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A B S T R A CT 
The proble m o f  transfe r  remain s on e o f  th e mos t  difficul t  challenge s fo r  schooling :  knowledg e an d 
skill s  tha t  student s lea m i n a  classroo m i s ofte n no t  use d i n out-of-schoo l  contexts .  T o addres s 
thi s problem ,  thi s pape r  analyze s educationa l  interactio n conducte d vi a long-distanc e electroni c 
networks .  W e presen t  a  ne w methodology ,  calle d Semanti c Trac e Analysis .  Fro m ou r  analyses , 
we presen t  tw o possibl e solution s t o th e transfe r  problem .  First ,  w e describ e a n organizin g 
framewor k fo r  networ k interactions ,  whic h w e cal l  "receive r  sit e transfer" ,  whic h provide s a 
functiona l  environmen t  fo r  students '  proble m solving .  I n addition ,  w e describ e som e initia l 
exploration s o f  "teleapprenticeships" ,  instructiona l  interaction s throug h whic h student s lea m 
knowledg e an d skill s  b y interactin g wit h adult s outsid e th e schoo l  system .  T o th e exten t  tha t  adult s 
increasingl y us e electroni c network s fo r  thei r  work ,  w e wil l  b e abl e t o avoi d th e transfe r  proble m 
by instructin g student s withi n th e sam e contex t  tha t  the y wil l  us e tha t  instruction . 

INTRODUCTION 
Studie s o f  proble m solvin g hav e pointe d t o th e problemati c natur e o f  transfe r  (Reed ,  Erns t  & 
Banerji ,  1974 ;  Gic k &  Holyoak ,  1980) .  Cognitiv e skill s  learne d i n on e tas k ar e generall y no t 
use d b y subject s i n "isomorphic "  task s (task s perceive d b y th e experimenter s t o b e "th e sam e 
task") .  Thes e experimenta l  findings  reinforc e th e widel y expresse d concer n abou t  th e lac k o f 
transfe r  o f  skill s  an d knowledg e learne d i n schoo l  t o out-of-schoo l  settings . 

Pea (1987) has pointed to the limitations of locating the transfer problem solely in the task and the 
individual ,  an d ha s suggeste d way s i n whic h th e socia l  contex t  i s  importan t  i n determinin g 
perceive d similarit y o f  problem s an d i n selectin g an d applyin g previousl y learne d skill s  t o a  nove l 
problem .  H e draw s upo n a  "cultura l  practices "  theor y (Laborator y o f  Comparativ e Huma n 
Cognition ,  1983 )  fo r  determinin g ho w skill s  wil l  o r  wil l  no t  b e transferred . 

We feel that this focus on the social context of problem solving, while an important first step, does 
not  g o fa r  enough .  Th e experimenta l  findings  describe d previousl y ca n b e summarize d crudel y a s 
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"Subjects will transfer skills and knowledge to a new task only when you tell them to transfer." 
Thi s i s someho w see n b y th e experimenter s a s a  shortcomin g o f  th e subjects .  I f  w e vie w th e 
experimenta l  situatio n a s a n instructiona l  one ,  w e coul d instea d blam e th e experimenter s a s inferio r 
teachers ,  o r  blam e th e "educationa l  system. "  However ,  viewe d fro m th e poin t  o f  vie w o f  th e 
subjects/students ,  transferrin g whe n bein g tol d t o transfe r  i s  generall y a  ver y effectiv e strategy , 
sinc e th e socia l  contex t  fo r  mos t  proble m solvin g (bot h school-base d an d non-school-based ) 
typicall y provide s thi s sor t  o f  cuein g support .  Rea l  proble m solver s ar e ofte n "told "  b y th e socia l 
contex t  wha t  sor t  o f  proble m the y ar e facin g an d wha t  sor t  o f  solutio n strateg y migh t  b e 
appropriate . 

The rationale for focussing on the "individual invention" aspect of transfer is so that problem 
solver s ar e no t  locke d int o a  se t  o f  viewpoint s suggeste d b y a  specifi c  socia l  context .  I n thi s way , 
innovativ e solution s ca n b e reached .  However ,  rathe r  tha n focussin g entirel y o n individua l 
cognitiv e skills ,  a  theor y o f  transfe r  tha t  take s socia l  contex t  int o accoun t  need s t o focu s o n way s 
tha t  th e naturall y occurrin g diversit y o f  socia l  context s whic h ar e availabl e provide s a  mor e 
powerfu l  mean s t o sugges t  t o proble m solver s diverse ,  creativ e solution s fo r  problems .  W e hav e 
develope d on e suc h mode l  o f  th e acquisitio n o f  transferrabl e skills ,  whic h w e cal l  receive r  sit e 
transfer . 

RECEIVER SITE TRANSFER 
I n ou r  previou s studie s o f  instructio n o n electroni c networks ,  w e hav e develope d a  mode l  o f 
transfer ,  whic h w e cal l  "receive r  sit e transfer "  (Levin ,  Riel ,  Miyake ,  &  Cohen ,  1987 ;  Levin , 
Waugh,  &  Kolopanis ,  1988 ;  Waug h &  Levin ,  1988 ;  Waugh ,  Miyake ,  Levi n &  Cohen ,  1988) .  I t 
aros e ou t  o f  a  goa l  t o hav e student s lear n proble m solvin g b y tacklin g "real "  problem s (problem s 
face d b y th e adult s i n th e students '  community) ,  rathe r  tha n b y solvin g puzzle s o r  othe r  suc h 
proble m solvin g exercises .  Th e dilemm a w e face d wa s tha t  "real "  problem s ar e reall y difficul t  an d 
most  ofte n hav e n o agreed-upo n solutio n (otherwis e the y wouldn' t  stil l  b e problem s fo r  th e adult s 
i n th e community) .  W e wer e concerne d tha t  conventiona l  approache s t o proble m solvin g 
instructio n whe n applie d t o suc h difficul t  problem s woul d lea d t o frustratio n o n th e learner' s part , 
and instea d onl y teac h the m tha t  the y shouldn' t  tr y t o solv e rea l  problems .  Motivate d b y th e theor y 
of  "dynami c support "  (Riel ,  Levin ,  &  Miller-Souviney ,  1987) ,  w e considere d ho w w e migh t  us e 
othe r  students ,  teachers ,  an d adult s linke d t o th e student s b y electroni c network s a s a  dynamicall y 
changin g sourc e o f  suppor t  fo r  students '  proble m solvin g efforts . 

For example, a shared "real" problem for a number of sites is a shortage of drinking water. A 
conventiona l  approac h t o proble m solvin g an d instructio n migh t  hav e th e student s gathe r 
informatio n abou t  th e problem ,  "brainstorm "  ideas ,  an d the n evaluat e thei r  idea s (Polya ,  1957) . 
Wit h thi s approach ,  mos t  student s woul d b e unlikel y t o develo p practica l  alternativ e solution s 
whic h passe d eve n a  superficia l  evaluation . 

Instead, we took a "receiver site transfer" approach: 1) students in different geographic locations 
each describe d th e way s tha t  th e proble m i s deal t  wit h (partially )  i n thei r  ow n location ,  2 )  thes e 
description s wer e sen t  t o th e othe r  participatin g locations ,  3 )  student s the n analyze d th e 
description s fro m th e othe r  locations ,  comparin g the m t o thei r  ow n descriptions ,  an d 4 )  fo r  thos e 
used elsewher e bu t  no t  i n thei r  ow n location ,  student s wer e aske d t o determin e whethe r  thos e 
technique s coul d i n fac t  b e applie d i n thei r  ow n location .  Thus ,  th e diversit y o f  site s serve d a s a 
majo r  sourc e o f  potentiall y  transferrabl e solution s t o th e problem . 

We call this "receiver site transfer" because of its contrast to the usual form of advice giving in 
proble m solving .  Ofte n whe n peopl e hav e problems ,  the y cal l  upo n a n exper t  t o tel l  the m ho w t o 
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solve the problems. Typically an expert recommends that they use the way that a problem is 
solve d i n th e expert' s  ow n location .  W e cal l  thi s "sende r  sit e transfer" ,  sinc e th e "transfer "  i s 
bein g carrie d ou t  b y th e perso n fro m th e plac e wher e th e knowledg e o r  skil l  originated . 

In the case of "receiver site transfer", the individuals with a problem actively seek out others who 
hav e th e sam e problem ,  an d solici t  fro m the m description s o f  ho w the y solv e th e "same "  problem . 
Thus ,  th e initiativ e fo r  th e transfe r  come s fro m th e "receiving "  site .  Thos e seekin g advic e the n tr y 
t o determin e whic h technique s ar e share d i n common ,  an d whic h ar e use d elsewher e bu t  no t 
locally .  Th e receivin g sit e peopl e ar e i n a  goo d positio n t o examin e specifi c  difference s betwee n 
th e tw o location s tha t  migh t  mak e a  solutio n use d elsewher e les s usefu l  locally .  The y ma y find 
relativel y simpl e modification s t o a  solutio n use d elsewher e tha t  woul d mak e i t  usefu l  locally .  O r  a 
give n solutio n ma y sugges t  (throug h analog y o r  throug h similarity )  othe r  approache s tha t  migh t 
wor k locally .  Th e "receive r  sit e transfer "  mode l  provide s suppor t  fo r  proble m solvin g transfe r  tha t 
makes th e proble m solver s activ e participant s i n th e generatio n o f  solutions ,  rathe r  tha n passiv e 
receiver s o f  "pat "  solution s develope d b y "experts "  elsewhere . 

Levin, Kim and Riel (1988) found that the nature of the instructional interaction among students 
involve d i n electroni c networkin g i s differen t  tha n tha t  exhibite d b y student s engage d i n typica l 
classroo m instruction .  Similarly ,  w e hav e foun d tha t  th e natur e o f  students '  proble m solvin g 
effort s i n thi s mediu m ar e als o quit e differen t  tha n typica l  classroom-base d proble m solvin g effort s 
of  students .  Electroni c network s provid e a  mediu m whic h i s qualitativel y superio r  t o th e 
traditiona l  classroo m fo r  helpin g student s transfe r  practica l  proble m solvin g skill s  an d knowledg e 
t o ne w conten t  domains . 

THE WATER PROBLEM SOLVING PROJECT 
The analyse s o f  th e proble m solvin g activit y discusse d i n thi s pape r  concer n a  projec t  know n a s th e 
Water  Proble m Solvin g Projec t  (Levi n &  Cohen ,  1985 )  whic h wa s conducte d o n a  networ k calle d 
th e InterCultura l  Learnin g Network .  I n thi s project ,  student s i n th e Unite d States ,  Mexico ,  Japa n 
and Israe l  jointi y tackle d th e proble m o f  shortage s o f  drinkin g water .  I n th e initia l  phas e o f  th e 
project ,  th e student s conducte d researc h an d develope d a  descriptio n o f  ho w drinkin g wate r  wa s 
obtaine d i n th e are a wher e the y lived .  Next ,  thes e student-generate d description s wer e sen t  vi a th e 
networ k t o th e othe r  projec t  participants ,  an d eac h o f  th e group s o f  student s wer e aske d t o analyz e 
th e technique s contribute d b y th e othe r  group s fo r  acquirin g an d distributin g potabl e wate r  i n orde r 
t o identif y pattern s o f  similarit y an d difference .  Fo r  thos e technique s use d i n othe r  site s bu t  no t 
thei r  own ,  student s wer e aske d t o determin e wh y th e technique s wer e no t  use d locally .  I n th e fina l 
phas e o f  th e project ,  th e student s wer e aske d t o collec t  an y additiona l  informatio n neede d an d the n 
t o mak e a  judgemen t  o n th e feasibilit y  o f  utilizin g on e o r  mor e o f  thes e differen t  technique s t o hel p 
solv e th e wate r  proble m i n thei r  ow n location .  The y wrot e u p a  repor t  o f  thei r  research ,  an d sen t  i t 
on th e networ k t o th e othe r  participants .  Thi s phas e w e cal l  "pos t  proble m solvin g publication" . 

Receiver site transfer involves students in the process of acquiring information from diverse 
source s concernin g th e solutio n o f  som e proble m whic h i s commo n amon g th e variou s locations . 
The student s the n analyz e th e informatio n i n orde r  t o identif y ho w th e informatio n migh t  b e applie d 
i n thei r  locatio n an d shar e thei r  analyse s wit h th e othe r  networ k participants .  Th e primar y 
advantage s o f  receive r  sit e transfe r  ar e th e following :  i t  enable s student s t o wor k o n "rea l  world " 
problems ;  i t  require s student s t o clearl y articulat e thei r  thought s i n writing ;  i t  i s  interactive ;  i t 
embodie s th e concep t  o f  pee r  tutoring ;  i t  require s student s t o analyz e fact s an d synthesiz e ne w 
ideas .  I n addition ,  th e techniqu e seem s t o b e highl y motivating .  Usin g thi s techniqu e th e 
emphasi s i n th e proble m solvin g activit y i s  shifte d awa y fro m simpl e attempt s t o brainstor m 
possibl e ne w solution s fo r  a  loca l  problem ,  an d instea d towar d comparin g an d analyzin g solution s 
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employed in other locations to solve similar problems and then attempting to adapt those solutions 
t o fi t  th e loca l  situation . 

Through engaging in activities which embody the receiver site transfer technique, students gain 

experienc e i n usin g a  practica l  metho d fo r  solvin g "real "  problems .  I n addition ,  becaus e thi s 

techniqu e i s readil y applie d t o a  wid e variet y o f  specifi c  problems ,  student s ca n experienc e usin g 

th e sam e techniqu e i n numerou s proble m solvin g activities .  Th e flexibilit y  o f  th e techniqu e 

provide s student s wit h a  read y mechanis m fo r  explorin g multipl e point s o f  vie w concernin g th e 

natur e o f  an d solution s fo r  specifi c  type s o f  "meaningful "  problems . 

SEMANTIC TRACE ANALYSIS 
Miyak e develope d th e Semanti c Trac e Analysi s a s a  techniqu e fo r  analyzin g th e network-base d studen t 
interaction s becaus e th e othe r  type s o f  analyse s whic h w e ha d previousl y employe d focusse d ver y 
specificall y o n syntacti c o r  quantitativ e characteristic s o f  th e students '  messages .  Th e Semanti c Trac e 

Analysi s i s a n attemp t  t o focu s o n th e natur e o f  th e conten t  o f  th e studen t  interactions .  W h a t  conten t  wer e 

th e student s experiencin g durin g th e interaction ? W h a t  wa s th e purpos e o f  thei r  communication ? I n orde r 

t o answe r  thes e questions ,  w e neede d a  metho d o f  tracin g th e patter n o f  th e developmen t  o f  students '  idea s 

ove r  th e cours e o f  thei r  project-oriente d discussion s i n orde r  t o identif y wha t  contribute d t o th e growt h o f 

th e activity . 

We applied this technique to the message interactions which were generated in the Water Problem Solving 

Project .  W e bega n b y constructin g a  collectiv e overview ,  o r  framework ,  consistin g o f  al l  th e idea s whic h 

wer e contribute d b y th e student s an d othe r  relate d concept s tha t  hav e bee n mentione d i n th e discussio n o f 

th e proble m o f  obtainin g drinkin g water .  O n thi s framework ,  w e trace d th e cours e o f  th e developmen t  o f 

th e students '  idea s an d graphicall y represente d tha t  patter n i n char t  for m (se e Figur e 1) .  Usin g th e char t  a s 

an activit y map ,  on e ca n identif y informatio n suc h a s wher e a  particula r  par t  o f  th e interactio n arose ,  h o w i t 

became integrate d int o th e previou s discussion ,  an d h o w th e focu s o f  th e discussio n shifte d a s a  resul t  o f  a 

particula r  communication . 

Our analysis of the activity map for the Water Problem Solving Project reveals the importance of 

involvin g divers e group s o f  networ k participants .  Whethe r  i t  i s  th e diversit y a m o n g th e 

participant s o r  th e natur e o f  th e activit y o r  thes e characteristic s i n combinatio n wit h others ,  thi s 

network-base d activit y resulte d i n significan t  contribution s t o th e proble m solvin g activit y fro m 

multipl e points-of-view .  Whethe r  o r  no t  th e contribution s wer e mad e becaus e th e activit y 

compelle d the m t o occur ,  o r  becaus e th e natura l  difference s amon g th e participant s m a d e i t  eas y fo r 

eac h participan t  t o contribut e a  uniqu e an d interestin g observatio n remain s a  subjec t  fo r  furthe r 

study .  However ,  bringin g multipl e points-of-vie w t o bea r  i n proble m solvin g effort s i s highl y 

desirabl e (Miyake ,  1986 )  ye t  th e practica l  difficult y o f  providin g fo r  thes e multipl e viewpoint s i n 

functiona l  setting s i n "typical "  educationa l  practic e i s significant . 

Another valuable attribute of the Semantic Trace Analysis is its ability to serve as an evaluation 

mechanis m fo r  a  network-base d proble m solvin g activity .  B y usin g th e Semanti c Trac e Analysi s 

m ap o f  th e Wate r  Proble m Solvin g Projec t  (Figur e 1) ,  on e ca n easil y se e h o w th e larg e numbe r  o f 

idea s contribute d t o th e ongoin g discussion .  I n comparin g thes e dat a t o th e summar y messag e 

generate d fro m an y give n site ,  on e ca n gai n a  bette r  perceptio n o f  th e influenc e tha t  th e networ k 

activit y ha s ha d upo n th e student s i n tha t  location .  Fo r  example ,  a  clas s o f  8t h grad e student s a t 

Lincol n Schoo l  i n Sa n Diego ,  Califomi a participate d i n th e Wate r  Projec t  an d twent y o f  thos e 

student s contribute d a  summar y messag e i n whic h th e student s mentione d 7 1 % o f  th e idea s fo r 

solution s t o th e wate r  proble m whic h ha d bee n contribute d b y al l  o f  th e networ k participant s fro m 

aroun d th e world .  A m o n g thos e idea s mentione d b y th e Sa n Dieg o students ,  6 6 % ha d bee n 
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contributed by sites other than San Diego. Each student contributed between 0 and 4 ideas 
concernin g technique s fo r  wate r  acquisitio n whic h migh t  b e use d i n th e Sa n Dieg o area .  Almos t 
hal f  o f  th e student s ( 9 ou t  o f  19 )  contribute d mor e tha n on e ide a o n th e topi c (wit h a n averag e o f 
1. 7 idea s pe r  student) .  Althoug h thes e figure s d o no t  asses s ho w muc h eac h individua l  studen t 
may hav e profite d fro m th e interactio n amon g th e networ k participant s the y d o indicat e a  significan t 
impac t  o n th e grou p a s a  whole . 

TELEAPPRENTICESHIPS 
We hav e observe d a  patter n i n instructiona l  electroni c networ k interactions ,  teleapprenticeships , 
tha t  resemble s on e foun d i n traditiona l  face-to-fac e apprenticeships .  Thi s patter n i s characterize d 
by a  ric h se t  o f  interaction s betwee n a  divers e se t  o f  participants ,  a  patter n quit e differen t  fro m tha t 
typicall y foun d i n conventiona l  classroo m instructio n (Levin ,  Riel ,  Miyake ,  &  Cohen ,  1987 ; 
Waugh,  Miyake ,  Levin ,  &  Cohen ,  1988) .  Man y o f  th e recen t  research-base d development s i n 
instructio n hav e bee n characterize d a s "cognitiv e apprenticeships "  b y Collin s &  Brow n (Brown . 
Collins ,  &  Duguid ,  1989 ;  Collins ,  1988 ;  Collins ,  Brown ,  &  Newman,  1988) .  However ,  th e 
instructiona l  technique s describe d b y Collin s an d Brow n al l  tak e plac e withi n a  conventiona l 
classroom .  Telecommunication s allow s student s withi n school s t o interac t  wit h othe r  students , 
teachers ,  an d adult s outsid e th e schoo l  syste m i n collaborativ e effort s t o solv e real ,  meaningfu l 
problems . 

As more and more adults outside the school system begin using electronic message systems for 
thei r  everyda y work ,  w e ma y se e a  ne w for m o f  educationa l  interactio n evolve ,  i n whic h student s 
i n school s spen d mor e an d mor e o f  thei r  instructiona l  tim e learnin g throug h thei r  interaction s wit h 
adult s outsid e th e schoolin g system .  Student s wil l  lear n i n a  functiona l  learnin g environmen t  b y 
servin g a s "teleapprentices "  t o adult s wh o ar e no t  professiona l  teachers . 

One of the major advantages of apprenticeship learning is that since skills and knowledge are 
learne d i n th e sam e contex t  i n whic h the y ar e t o b e used ,  th e universa l  proble m o f  "transfer "  tha t 
afflict s al l  o f  schoolin g i s minimized .  I f  student s acquir e skill s  an d knowledg e i n 
teleapprenticeships ,  the n th e proble m o f  transfe r  i s als o minimized ,  sinc e th e contex t  provide d b y 
th e electroni c networ k i s th e sam e contex t  i n whic h th e skill s  an d knowledg e wil l  b e used . 

Our analyses of instructional interactions on long-distance networks (Levin, Kim, & Riel, 1988; 
Waugh,  Miyake ,  Levin ,  &  Cohen ,  1988 )  illustrat e ho w suc h teleapprenticeshi p interaction s ca n 
no w b e conducted .  Sinc e th e interactio n i s i n non-rea l  time,  i t  ha s becom e easie r  fo r  bot h mento r 
and apprentic e t o participate ,  sinc e the y ca n contro l  th e time  spen t  i n th e apprentic e interaction . 
The networ k mediu m allow s fo r  a  wide r  variet y o f  peopl e t o interac t  tha n i s typica l  o f  norma l 
instructiona l  settings . 

SUMMARY 
I n thi s paper ,  w e hav e presente d a  brie f  analysi s o f  proble m solvin g conducte d vi a long-distanc e 
electroni c networks .  Th e analysi s suggest s tw o possibl e solution s t o th e transfe r  problem .  Th e 
first  solutio n i s a n organizin g framework  fo r  networ k interactions ,  whic h w e cal l  "receive r  sit e 
transfer" .  Thi s framewor k provide s a  functiona l  environmen t  fo r  students '  proble m solving , 
providin g "dynami c support "  fo r  thei r  effort s t o tackl e "real "  problems .  Th e secon d solutio n i s 
"teleapprenticeships" ,  instructiona l  interaction s throug h whic h student s lear n knowledg e an d skill s 
by interactin g wit h students ,  teacher s an d adult s outsid e th e schoo l  system .  A s adult s increasingl y 
use electroni c network s fo r  thei r  work ,  w e ca n avoi d th e transfe r  proble m b y instructin g student s 
withi n th e sam e contex t  tha t  the y wil l  us e wha t  the y leam . 
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