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Abstrac t 

This project investigates student 
learnin g withi n a n innovativ e mode l  o f 

classroo m learning :  student-generate d an d 

maintaine d node s o f  "expertise "  alon g th e 
Interne t  superhighway .  Usin g Interne t 

acces s a s th e backbon e fo r  classroo m 

activitie s i n th e environmenta l  an d 

atmospheri c sciences ,  th e Kid s a s Globa l 

Scientist s (KGS )  project ^  i s contributin g 

insight s into :  1 )  ho w th e technolog y ca n b e 

use d t o promot e middl e schoo l  students ' 
constructio n o f  knowledge ,  2 )  th e natur e o f 

distribute d expertis e acros s child -

develope d an d focuse d Interne t  nodes ,  an d 3 ) 
th e desig n o f  K-1 2 appropriat e Interne t 

interfaces .  I n particular ,  th e K G S projec t 

recognize s tha t  curren t  Interne t  resource s ar e 
not  focuse d wit h a  K-1 2 audienc e i n mind . 

Therefore ,  a  shif t  i n focu s fro m adul t  t o 

child-focuse d Interne t  node s wa s 

established .  I n addition ,  th e developmen t 
of  communitie s o f  learner s whic h suppor t 

th e exchang e o f  informatio n betwee n 

divers e an d geographicall y distinc t 

learner s i s investigated .  Result s indicat e 

tha t  becomin g studen t  expert s i n particula r 

area s o f  scienc e tha t  othe r  student s value , 

and bein g responsibl e resource s fo r  othe r 

1 The research reported in this paper was 

supjX)rted ,  i n part ,  b y th e Nationa l  Scienc e 

Foundation ,  Application s o f  Advance d 

Technologie s # M D R 9253464 .  Opinion s 

expresse d ar e thos e o f  th e autho r  an d no t 
necessaril y  thos e o f  th e Foundation . 

students '  learnin g increase s th e "us e value " 

of  students '  knowledg e an d encourage s th e 
learnin g o f  rea l  scienc e fro m firs t  han d 

sources . 

Introductio n 

Many of us hold a vision for schools in 

th e upcomin g centur y whic h include s 

dramati c restructurin g an d extensiv e use s o f 

technology .  Clearly ,  effort s nee d t o b e mad e 
t o incorporat e technolog y int o cor e practice s 

of  schools .  Ofte n thi s incorporatio n wil l  no t 

allo w modification s o f  existin g practices , 
but  extensiv e reworkin g o f  ou r  presen t 

model s o f  communication ,  data ,  curricula , 

and teachin g an d learnin g communities . 

Whil e th e pas t  decade s hav e brough t  u s 

many promisin g technologica l  tools ,  th e 
educationa l  potentia l  o f  man y la y hidde n i n 

th e storag e closet s alon g wit h th e tools . 
Perhap s on e reaso n fo r  suc h misus e i s tha t 

our  understandin g o f  th e change s i n studen t 
learnin g associate d vynt h th e applicatio n o f 

innovativ e technologie s t o classroo m 

learnin g remain s impoverished .  Researc h i s 

neede d whic h ca n investigat e innovativ e 

technologica l  chang e associate d wit h ne w 

model s o f  school s an d learnin g communities . 

One exampl e o f  a  stud y whic h couple s 

technologica l  innovatio n wit h detaile d 
studie s o f  studen t  learnin g withi n rea l 

classroo m setting s i s titled .  Kid s a s Globa l 

Scientists :  Th e Utilizatio n o f  th e Interne t 

fo r  Middl e Schoo l  Atmospheri c Scienc e 

(Songer ,  1992) .  Utilizin g th e Interne t 
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telecommunication s networ k t o acces s real -

tim e weathe r  dat a an d satellit e imagery , 

middl e schoo l  student s lear n t o formulat e 

thei r  o w n researc h question s (Scardamali a 

& Bereiter ,  1991) ,  organiz e sel f  an d other -

generate d data ,  reflec t  an d m a k e 

prediction s o n weathe r  outcome s i n divers e 

part s o f  Nort h Americ a an d th e globe ,  an d 

conduc t  researc h o n topic s o f  interes t  t o 

themselves .  Despit e wha t  m a y soun d lik e 

an unrealistic ,  high-tec h environment ,  thi s 

researc h i s bein g conducte d i n authenti c 

classroo m settings ;  usin g everyda y teacher s 

w ho fin d th e technolog y unfriendl y an d 

cumbersome ,  an d student s who ,  a t  times , 

fin d fanc y scree n saver s mor e interestin g 

tha n ou r  learnin g activities . 

Bui ld in g o n Construct ivis m 

The KGS project takes as its 

philosophica l  foundatio n th e idea s behin d 

studen t  constructio n o f  understandings ,  o r 

constructivism .  Therefore ,  w e recogniz e 

alon g wit h Piage t  tha t  "learner s buil d 

conceptua l  framework s tha t  ar e complex , 

highl y organized ,  an d strongl y tie d t o 

specifi c  subjec t  matter "  (Inhelde r  &  Piaget , 

1958) .  I n addition ,  constructivis t  activitie s 

ofte n explicitl y  recogniz e th e importanc e o f 

socia l  dialogu e i n th e developmen t  o f 
understanding s (se e fo r  exampl e Vygotsky , 

1978) .  Constructivist s blen d thes e idea s an d 

buil d o n the m i n thei r  belie f  tha t 

understanding s ar e buil t  a s a  resul t  o f  activ e 

manipulatio n o f  n e w idea s an d th e 

interactio n betwee n ne w informatio n an d 

existin g knowledge .  Thes e activitie s ofte n 

occu r  throug h dialogu e o r  interactio n wit h 

other s o r  sophisticate d tool s (Resnick ,  1983 ; 

Linn ,  1986 ,  others) .  Constructivist s believ e 
tha t  suc h knowledge-buildin g doe s no t  com e 

easil y o r  quickly .  Therefore ,  a 

constructivist-centere d curricul a focuse s on : 

dept h o f  coverag e ove r  breadth ,  recognizin g 

an d workin g wit h student' s prio r 

knowledge ,  an d attentio n t o variou s studen t 

learnin g styles . 

Up unti l  recently ,  a  majo r  focu s o f  th e 

K GS projec t  wa s th e desig n o f  curricula r 

activitie s an d softwar e whic h facilitate d 

middl e schoo l  childrens '  acces s t o scientist -

oriente d satellit e image s an d weathe r 

maps.  I n addition ,  w e recognize d tha t 

whil e use d extensivel y b y man y adult s an d 

professionals ,  th e K-1 2 learnin g potentia l  o f 

th e Interne t  remaine d unexplored .  Ou r  goal s 

wer e t o us e ou r  material s t o promot e an d 

stud y studen t  constructio n o f  understanding s 

withi n thi s ne w learnin g environment ,  an d 

t o contribut e insight s int o h o w student s an d 

teacher s ca n acces s Internet-availabl e 

material s withou t  undu e frustratio n an d 

anxiety . 

One o f  ou r  majo r  development s wa s ou r 

effort s t o addres s dat a acces s problem s 

throug h th e desig n o f  a  HyperCar d front-en d 

interfac e calle d "InternetTrek" .  Thi s too l 

allowe d student s an d teacher s t o literall y 

"trek "  al l  ove r  th e worl d vi a th e clic k o f 

Hyjjercar d button s whic h acces s relevan t 

Interne t  resources .  Whil e ou r  earl y 

activitie s wer e me t  wit h grea t  enthusias m 

fro m teachers ,  parents ,  an d students ,  ou r 

persona l  reflection s reveale d a  stron g 

dissatisfactio n wit h th e type s o f 

interaction s student s wer e havin g wit h th e 

Interne t  resources . 

Learnin g w i t h a  Chi ld-Focuse d 

Interne t 

Many reasons exist why K-12 

population s ar e jus t  beginnin g t o explor e th e 

Internet .  Presen t  telecommunication s 

interface s ar e awkwar d an d confusin g an d 

ar e no t  appropriat e fo r  K-1 2 audiences .  Bu t 

most  importantly ,  a  larg e majorit y o f  K-1 2 

Internet-availabl e activitie s d o no t  permi t 

two-way ,  interactiv e communication .  Thi s 

encourage s a  relativel y passiv e mode l  o f 

studen t  interactio n whic h i s base d o n th e 

assumptio n tha t  other s ar e contributin g 

importan t  knowledg e whic h ou r  student s 

shoul d kno w abou t  an d use . 

The projec t  therefor e addresse d thi s 

proble m throug h a  shif t  i n th e resourc e focu s 

fro m adul t  t o child-centered .  Durin g th e 

curren t  researc h cycle ,  ou r  primar y goa l  wa s 

t o stud y studen t  learnin g associate d wit h a 

model  o f  th e Interne t  a s a  child-focuse d 

resourc e fo r  al l  learners ,  especiall y thos e 

who migh t  no t  normall y hav e acces s t o th e 

technolog y o r  vie w themselve s a s classroo m 
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leaders .  Throug h activitie s whic h 

supporte d studen t  investigatio n o f  thei r  ow n 

researc h question s an d th e developmen t  o f 

studen t  expertise ,  w e hope d t o empowe r 

middl e schoo l  student s t o mak e th e Interne t 

an interactiv e resourc e whic h ha s node s o f 
informatio n developed ,  maintained ,  an d 

focuse d fo r  themselves . 
I n orde r  t o develo p th e model ,  ou r 

researc h grou p establishe d fiv e domesti c 

an d on e internationa l  K G S Interne t 

Classroo m Hub s i n whic h primaril y sixt h 

grad e student s chos e a n are a o f  atmospheri c 

scienc e expertise ,  researche d thei r  topic , 

and develope d resourc e material s fo r  othe r 

student s i n divers e locations .  Ou r  Hub s wer e 

locate d i n widel y distribute d location s an d 

include d rura l  an d inner-cit y setting s an d 

severa l  population s wit h extensiv e ethni c 

diversity .  I n particular ,  Interne t  Hub s 

included :  sixt h grad e classroom s i n Boulder ^ 

and a  nearb y Mountainou s Are a of , 
Colorado ;  a  fift h grad e Navaj o reservatio n 

schoo l  nea r  th e Fou r  Corner s are a o f 

Arizona ;  an d sixt h grad e classroom s i n N e w 

Yor k City ;  Tallahassee ,  Florida ;  an d 

Melbourne ,  Australia . 

Support in g Studen t  Experts : 

Researc h a n d Exchang e 

The four week instructional cycle went 

as follows :  Durin g th e firs t  tw o weeks , 

group s o f  2- 4 student s i n eac h Hu b performe d 

researc h t o becom e expert s i n a  particula r 

aspec t  o f  thei r  loca l  weather .  Fo r  example , 
studen t  group s becam e expert s i n eithe r  loca l 

Winds ,  Sever e Weather ,  Environmenta l 

Weather ,  Precipitation ,  o r  Cloud s & 

Humidity .  Question s student s investigate d 

included :  H o w doe s you r  loca l  geograph y 

affec t  environmenta l  conditions ? W/i y i s i t 
so wind y i n th e Fou r  Comer s are a o f  Arizon a 

i n th e Spring? ,  an d Wh y don' t  w e hav e 

tornadoes ? Researc h material s collecte d b y 
student s include d writte n report s o r  letters , 

graph s o r  chart s o f  dail y weathe r 

observations ,  videotape s an d othe r 

material s whic h th e student s foun d 

2 Pseudonyms are used for all field site 

schools ,  student s an d teachers . 

informativ e fo r  others .  Dat a collectio n 

include d searchin g ove r  Interne t  resources , 

persona l  dialogu e wit h loca l  scientists ,  boo k 

research ,  an d othe r  information . 

The mos t  popula r  wa y t o collec t  dat a 

was throug h electroni c dialogu e wit h loca l 

meteorologist s w h o wer e matche d t o eac h 

H ub a s voluntee r  studen t  mentors .  A n 

exampl e o f  suc h a  dialogu e i s illustrate d 

below . 

message 2 

To:  Cyclone s [grou p o f  3  Boulde r  6t h graders ] 

From:  Larr y [ a loca l  graduat e studen t  i n 
meteorology ] 

N ow I  hav e a  questio n fo r  you .  W h y doe s 

war m ai r  alway s en d u p o n top ? 

message 3 
To:  Larr y 

From:  Cyclone s 

Hi ,  Larry .  W e thin k w e hav e th e answe r  t o 

you r  question ,  whic h is :  wh y doe s war m ai r 

alway s en d u p o n top :  becaus e war m ai r 

rises .  We ar e th e Cyclones .  Ou r  name s ar e 

Alan ,  Mari a an d Laura . 

message 4 

To:  Cyclone s 

From:  Larr y 

Hi  Cyclones , 

You'r e righ t  war m ai r  rises .  N o w tak e tha t 

one ste p further ,  wh y doe s war m ai r  rise ? 

I'l l  giv e yo u a  fe w hints :  i t  onl y rise s 

relativ e t o coole r  air ,  an d i t  rise s fo r  th e 

same reaso n thing s floa t  i n water . 

Bye,  Larr y 

The scientists were not encouraged to give 

th e student s answer s directly ,  bu t  t o provid e 

suppor t  throug h th e presentatio n o f 

informatio n whic h wa s t o hel p th e kid s 

thin k abou t  th e situatio n an d com e t o thei r 
own answers . 

At  th e completio n o f  th e researc h 

phase ,  eac h studen t  tea m sen t  a  brie f 
descriptio n o f  thei r  sub-specialt y an d a n e -

mai l  addres s t o th e K G S researcher s t o b e 
organize d int o th e softwar e whic h wa s 

distribute d t o al l  participatin g groups . 
Durin g th e las t  tw o weeks ,  student s 

share d an d exchange d thei r  expertis e wit h 

othe r  students .  First ,  student s wer e require d 

t o develo p a  serie s o f  question s t o as k 
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studen t  team s i n th e sam e specialt y i n othe r 

locations .  Fo r  example ,  th e Colorad o are a 

studen t  expert s i n Q o u d s an d Humidit y an d 

Sever e Weathe r  sen t  thes e question s t o pee r 

expert s i n N e w Yor k Cit y an d Florida : 

Dear Clouds with an Attitude 

We ar e th e Humidifier s fro m Boulder , 

Colorado .  Ou r  questio n is ,  di d yo u notic e 

any strang e cloud s befor e th e bi g snowstorm ? 

(Th e Stor m o f  th e Centur y whic h hi t  th e 

East  Coas t  durin g mi d March ,  1993) .  Pleas e 

writ e back . 

Hello! Were the Severe Weather Dudes. 

We'r e fro m Mountai n Elementar y an d i n 
charg e o f  investigatin g Sever e Weather . 

Our  las t  bi g stor m wa s abou t  tw o week s ago . 

We go t  abou t  on e foo t  o f  snow . 

H ow man y tornadoe s hav e yo u ha d i n 

th e las t  year ? Wher e wer e yo u whe n 

Hurrican e Andre w struck ? I f  yo u wer e i n it , 

what  wa s i t  like ? Wher e d o hurricane s 

usuall y strik e i n Florida ? D o the y strik e i n 

you r  area ? 

Secondly, student experts in all sites 

simultaneousl y serve d a s expert s fo r  othe r 

students '  question s an d inquiries .  A s a  resul t 

of  thi s exchange ,  eac h studen t  grou p 

collecte d a  rang e o f  material s fro m a 
variet y o f  H u b s whic h enhance d thei r 

understandin g o f  thei r  o w n topi c an d loca l 

conditions . 

interestin g topi c suc h a s Aci d Rain .  Unlik e 

traditiona l  exercise s whic h perhap s follo w 

an outdate d textboo k an d ar e rea d onl y b y 

th e teacher ,  al l  o f  th e K C S activitie s wer e 

explicitl y  designe d t o buil d o n real-time , 

importan t  topic s i n scienc e whic h ar e mad e 

relevan t  t o student s throug h thei r  persona l 

researc h an d questionin g o f  geographicall y 

distinc t  peers . 

Brow n an d colleague s (Brown ,  A. ;  Ash , 

D. ;  Rutherford ,  M. ;  Nakagawa ,  K. ;  Gordon , 

A. ;  Campione ,  J.C ;  i n press )  hav e show n 

tha t  "distribute d expertise "  i s a  powerfu l 

metho d o f  empower in g knowledg e 

developmen t  i n classroom s o f  varie d 

learners .  I n Brown' s classrooms ,  sevent h 

grad e student s ar e encourage d t o choos e 

"majors" ,  suc h a s on e particula r  endangere d 

specie s o r  camouflag e mechanism .  Othe r 

childre n choos e a  majo r  relate d t o classroo m 

features ,  suc h a s th e Superpain t  softwar e o r 
use o f  th e mouse .  B y empowerin g ever y 

chil d t o b e a n exper t  i n som e are a tha t 

other s need ,  al l  children ,  eve n thos e w h o d o 

not  normall y se e themselve s a s classroo m 

leaders ,  ar e see n a s expert s wit h importan t 

knowledg e t o share .  W e se e ou r  student s a s 
not  onl y classroo m resources ,  bu t  globa l 

(Internet )  resource s o n thei r  topi c area .  W e 

believ e tha t  thi s wil l  prov e t o b e a n 

importan t  empowerin g an d learnin g proces s 

fo r  th e student s involved ,  an d w e ar e 

currentl y investigatin g th e exten t  t o whic h 

empowerment  i s occurring . 

Investigatin g Rea l  Scienc e w i t h 

Distribute d Expertis e 

Our work investigating student learning 

i s base d o n previou s work ,  b y thi s autho r 

an d others ,  i n th e cognitiv e an d learnin g 

sciences ,  an d telecommunication s i n 

education .  Lin n &  Songe r  (1991a ,  1991b ) 

recogniz e th e significanc e o f  scienc e inquir y 

whic h build s o n topic s o f  importanc e t o 

individual s an d make s explici t  connection s 

betwee n scientifi c  idea s an d natura l  worl d 

phenomena .  Tinke r  (1991 )  ha s foun d 

tremendou s succes s wit h hi s KidsNetwor k 

whic h encourage s student s t o d o "rea l 

science "  throug h th e world-wid e exchang e 

of  scientifi c  informatio n o n a  timel y an d 

M e t h o d s 

During this past research cycle, we 

extensivel y observe d tw o classroom s o f 

student s instructe d b y th e sam e teacher . 

One classroom ,  th e experimenta l  classroom , 

performe d researc h a s describe d above , 

usin g an d exchangin g informatio n vi a 

telecommunication s networks .  A  secon d 

classroom ,  ou r  control ,  als o p>erforme d 

researc h an d exchange—bu t  th e researc h 

utilize d traditiona l  resources ,  suc h a s Th e 

Worl d Boo k Encyclopedi a availabl e i n 

thei r  loca l  library ,  o r  phon e inquirie s t o 

loca l  televisio n station s an d insuranc e 

agents .  I n th e contro l  classroom ,  informatio n 

exchang e wa s betwee n student s i n th e sam e 
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classroo m only .  Dat a collectio n o n student s 

i n bot h classroom s included :  pr e an d pos t 

writte n assessments ,  videotapin g o f  al l 

classroo m activities ,  an d detaile d pr e an d 

pos t  interview s o f  eigh t  contro l  an d eigh t 

experimenta l  students .  I n addition ,  thre e o f 

th e participatin g teacher s fro m differen t 

Interne t  Hub s wer e chose n fo r  detaile d 

analysi s o f  teache r  learning .  Thes e 

teacher s kep t  journal s an d participate d i n 

writte n assessment s an d interview s (se e 

Tons o an d Songer ,  i n pres s thi s volume) . 

Restilt s 

Preliminary results indicate a distinct 

differenc e i n th e valu e o f  knowledg e 
develope d fo r  th e tw o groups .  Whil e th e 
experimenta l  student s wer e becomin g 

exf)ert s i n orde r  t o b e accountabl e resource s 

fo r  peer s i n distinc t  locations ,  th e contro l 

grou p wer e becomin g expert s largel y t o 

achiev e a  desirabl e grad e fro m th e teacher . 

Therefore ,  w e believ e a  lowe r  leve l  o f 
interna l  motivatio n t o lear n existe d fo r  th e 

contro l  students .  Lav e an d Wenger ,  i n thei r 

book .  Situate d Learning ,  (1991 )  discus s a 
simila r  distinctio n i n thei r  compariso n o f 

learnin g unde r  tw o quit e differen t 

situations .  The y discus s knowledg e tha t  i s 
develope d withi n a  communit y o f  practice , 

wher e knowledg e ha s a  "us e value"~i t  i s 

learne d t o b e explicitl y  applie d an d use d i n 

context .  I n contrast ,  knowledg e tha t  i s 

develope d withi n mor e traditiona l  learnin g 

situations ,  suc h a s schools ,  tend s t o obtai n 

valu e primaril y fo r  "exchange "  purposes—i t 

i s o f  valu e no t  t o b e applie d an d use d i n 

context ,  bu t  t o b e exchange d fo r  a n externa l 

rewar d suc h a s a  grade .  W e believ e tha t 

throug h th e responsibilit y  o f  bein g expert s 

fo r  othe r  students ,  ou r  K G S student s foun d a 

highe r  "us e value "  o f  thei r  knowledg e tha n 

presen t  i n ou r  mor e traditiona l  learnin g 
situation .  A  simila r  findin g i n 

telecommunication s an d educatio n i s tha t 
foun d b y Margare t  Rei l  i n he r  wor k wit h 

th e A T & T Learnin g Networks .  Sh e foun d 

tha t  w h e n student s w ro t e 
telecommunication s materia l  t o b e sen t  t o a 

specifi c  audienc e a s oppose d t o writin g jus t 

fo r  schoolwor k purposes ,  th e qualit y o f 

thei r  writin g increase d (Reil ,  1985) .  Ou r 

dat a analysi s continue s t o investigat e th e 

exten t  t o whic h knowledg e valu e 

difference s occur . 
Additiona l  researc h result s indicat e 

difference s betwee n contro l  an d 

experimenta l  student s i n th e typ e o f 

knowledg e understanding s tha t  develop . 

Preliminar y result s indicat e tha t  th e 

majorit y o f  informatio n gathere d b y contro l 

student s consiste d largel y o f  weathe r 

informatio n whic h wa s no t  specifi c  t o a 

particula r  tim e o r  location ,  suc h a s genera l 

informatio n o n h o w cloud s for m obtaine d 

fro m encyclopedi c sources .  I n contrast , 

experimenta l  students '  informatio n focuse d 

on recen t  o r  real-tim e occurrences ,  suc h a s 

th e developmen t  o f  Th e Stor m o f  th e 

Century ,  an d th e sharin g o f  students '  an d 

meteorologists '  persona l  experience s wit h 
other s i n location s wher e th e stor m onl y 

made newspape r  headlines ,  bu t  wa s no t 

personall y experienced .  Th e followin g 

exampl e illustrate s thi s point . 

Toward s th e en d o f  th e exchang e phas e 

of  th e researc h cycle ,  a n individua l  i n th e 

experimenta l  classroo m downloade d a 

weathe r  m a p showin g basi c weathe r 

informatio n fo r  tha t  da y i n Australia .  Th e 
individua l  notice d a n unfamilia r  "wav y 

line "  weathe r  symbo l  i n th e Melbourn e 

area ,  an d referre d t o thei r  weathe r  symbo l 

char t  t o discove r  tha t  th e symbo l 

represente d "smok e i n th e air" .  Whil e thi s 
researc h grou p wa s wonderin g why , 

perhaps ,  th e symbo l  fo r  smok e wa s present , 

a studen t  i n th e environmenta l  weathe r 

grou p downloade d th e followin g messag e 

fro m th e pee r  expert s i n th e Melbourn e area : 

Hi Envios 

We liv e i n a  farmin g area .  Th e farmer s bur n 

th e stubbl e fro m thei r  whea t  crop s t o 

prepar e th e pastur e fo r  ploughin g an d 
planting .  Tha t  make s smok e an d tha t  cause s 
ai r  pollution .  The y d o i t  i n Autum n whic h 
i s now .  Today ,  th e ai r  i s  ful l  o f  smoke .  Bu t 

th e res t  o f  th e tim e i t  i s  clean . 

Fro m th e Ozon e Layer s outsid e 

Melbourne ,  Australi a 

Clearly, investigating weather phenomena 

throug h first-hand ,  real-tim e source s suc h 

as othe r  student s change s wha t  i s possibl e 
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fo r  scienc e learnin g i n classrooms .  Dat a 
analysi s continue s t o furthe r  investigat e 
studen t  learnin g differences . 

Contributio n an d Implication s of 

thi s W o r k 

This project defines itself as a case study 
of  researc h devote d t o th e stud y o f 
individua l  studen t  learnin g amids t  a n 
innovative ,  ye t  authenti c classroom-base d 
learnin g community .  I n it s focuse d 
investigatio n o f  studen t  learnin g wit h a 
child-focuse d technologica l  tool ,  thi s wor k 
investigate s th e potentia l  o f  increasin g 
students '  us e valu e o f  knowledg e throug h 
informatio n exchang e betwee n student s 
world-wide .  Thi s wor k build s o n previou s 
wor k b y thi s autho r  an d others ,  an d wil l 
contribut e t o wor k i n man y importan t  area s 
of  educatio n including :  th e cognitiv e an d 
learnin g sciences ,  th e desig n an d 
implementatio n o f  learnin g environment s fo r 
divers e learners ;  scienc e educatio n reform ; 
and th e applicatio n o f  networ k technolog y 
t o education . 
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