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A b s t r a c t 

Electroni c networic s ar e bein g increasingl y use d t o 
suppor t  a  variet y o f  educationa l  activities .  Althoug h 
earl y researc h i n thi s are a ha s bee n promising ,  ther e ha s 
been les s wor k t o dat e concernin g mor e basi c cognitiv e 
and theoretica l  issue s associate d wit h th e desig n an d use 
of  educationa l  electroni c networks .  Thi s pape r  propose s 
a distribute d networ k learnin g framewor k ( D N L F )  whic h 
wil l  b e presente d throug h thre e mai n aspects :  (a ) 
networ k mediator s an d th e flo w o f  informatio n an d 
knowledge ,  (b )  network s an d cognitiv e theorie s o f 
learning ,  an d (c )  th e netwoik-huma n interface .  A s a n 
exampl e o f  a n applicatio n o f  th e distribute d networ k 
learnin g framework ,  a n ongoin g researc h an d 
developmen t  projec t  i s  discusse d tha t  involve s a 
cognitively-base d educationa l  electroni c communicatio n 
tool .  Th e Messag e Assistant .  I n additio n t o th e standar d 
electroni c mai l  feature s suc h a s creating ,  sending ,  an d 
receivin g messages ,  thi s progra m include s a  user-define d 
incrementa l  exper t  syste m an d hypertextua l  linkin g 
function s t o assis t  a  networ k mediato r  i n he r  o r  hi s 
evaluation ,  organization ,  an d distributio n o f  networi c 
informatio n an d knowledge .  Th e distribute d networ k 
learnin g framewor k ca n functio n a s a  flexible-and 
extendable—se t  o f  conceptua l  view s fro m whic h t o 
examin e an d t o wor k wit h differen t  aspect s o f 
dynamicall y evolvin g networi c learnin g environments . 

Credits :  Thi s materia l  i s  base d upo n wor k supporte d 
by th e Nationa l  Scienc e Foundatio n unde r  Gran t  N o . 
TPE-8953392 .  Th e Governmen t  ha s certai n rights  i n 
thi s material .  A n y opinions ,  findings,  an d conclusion s 
or  recommendation s expresse d i n thi s materia l  ar e thos e 
of  th e author s an d d o no t  necessaril y  reflec t  th e view s o f 
th e Nationa l  Scienc e Foundation . 

Ther e ha s bee n considerabl e interes t  i n th e developmen t 
and us e o f  compute r  network-base d learnin g 
environments .  Earl y researc h i n thi s are a ha s identifie d a 
number  o f  way s i n whic h successfu l  learnin g activitie s 
m ay b e conducte d ove r  electroni c networks .  Fo r 
example ,  elementar y student s ca n participat e o n 
importan t  scientifi c  researc h matter s suc h a s "aci d rain " 
i n collaboratio n wit h distan t  learner s an d scientifi c 
advisors ;  hig h schoo l  student s ca n us e supercomputers , 
visualizatio n softwar e tools ,  an d networ k acces s t o 
scientifi c  advisor s t o conduc t  high-qualit y scientifi c 
investigations ;  an d student s ca n convenientl y publis h 
thei r  writte n wor k t o nationa l  an d eve n internationa l 
audience s (e.g. .  Hunter ,  1992) .  Ther e ha s bee n les s 
work ,  however ,  o n mor e basi c cognitiv e an d theoretica l 
issue s associate d wit h th e desig n an d us e o f  networ k 
learnin g environments . 

Th e centra l  goa l  o f  thi s pape r  i s t o articulat e a  vie w o f 
electroni c learnin g environment s tha t  w e refe r  t o a s th e 
distribute d networ k learnin g framework .  Thi s 
cognitively-grounde d framewor k i s intende d t o describ e 
importan t  characteristic s o f  informatio n flow  ove r 
educationa l  network s an d critica l  cognitiv e dimension s 
associate d wit h th e use  o f  netwcM-k-base d learnin g 
environments .  T h e first  portio n o f  thi s pape r  present s 
th e majo r  aspect s o f  thi s cognitively-grounde d 
framework .  Th e secon d par t  describe s a  communication s 
too l  w e hav e bee n developin g tha t  implement s an d 
support s a  numbe r  o f  facet s o f  th e framework .  Th e final 
sectio n o f  th e pape r  consider s research  issue s fo r  th e 
evaluatio n o f  network-base d learnin g activitie s tha t  ar e 
suggeste d b y th e learnin g framework . 

T h e Distr ibute d N e t w o r k L e a r n i n g 
Framewor k 

The distributed network learning framework (DNLF) 
wil l  b e describe s throug h thre e majo r  aspects ,  eac h o f 
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whic h consider s a  differen t  face t  o f  th e comple x an d 
dynami c networ k learnin g environment s tha t  ar c 
becomin g availabl e t o students ,  teachers ,  an d researchers . 
A centra l  notio n o f  th e framewor k i s tha t  o f  networ k 
mediator s an d th e flow  o f  informatio n an d knowledge . 
As educationa l  networ k activitie s ar c fundamentall y 
concerne d wit h learning ,  th e secon d aspec t  o f  th e 
framewor k i s network s an d cognitiv e theorie s o f 
learning .  Th e final  aspec t  discusse s th e human-networ k 
interface ,  specificall y wit h respect  t o th e cognitiv e 
management  o f  complexitie s associate d wit h usin g th e 
curren t  generatio n o f  compute r  networks .  Eac h o f  thes e 
aspect s i s briefl y discusse d i n th e section s below . 

N e t w o r k M e d i a t o r s a n d F l o w o f 
I n fo rma t io n a n d K n o w l e d g e 

Network learning: Expected value of 
information .  Fundamenta l  t o ou r  vie w o f  electroni c 
network s whic h suppor t  learnin g activitie s i s tha t  ther e 
ar e a  variet y o f  mediators-bot h huma n an d computer -
based-a t  node s o n th e networ k tha t  contro l  th e flo w o f 
informatio n fro m a n existin g locatio n toward s a  ne w 
locatio n wher e i t  i s  currentl y needed .  O n e genera l 
characteristi c o f  electroni c network s i s tha t  informatio n 
ca n flo w rapidly  throug h th e network .  Anothe r  aspec t  o f 
th e movemen t  o f  informatio n o n network s involve s 
decision s whic h ar e mad e abou t  th e natur e an d valu e o f 
th e informatio n a t  networ k node s tha t  resul t  i n muc h 
mor e gradua l  movement s o f  store d knowledge .  Th e 
D N LF i s base d o n th e followin g genera l  principle :  A t 
eac h nod e i n th e network ,  informatio n appearin g a t  tha t 
nod e i s store d locall y i f  th e expecte d valu e o f  storin g 
tha t  informatio n i s positive .  Th e expecte d valu e o f 
informatio n storag e i s th e expecte d benefi t  minu s th e 
expecte d cos t  Fo r  huma n mediators ,  th e evaluatio n o f 
expecte d valu e ca n b e quit e comple x an d situatio n 
specific ,  i n contras t  t o compute r  mediator s fo r  whic h th e 
expecte d valu e i s typicall y crudel y determine d usin g 
relativel y simpl e an d well-structure d criteri a o r  rules . 

The expecte d valu e depend s o n a n estimat e o f  th e 
probabiUt y o f  needin g th e informatio n agai n (i.e. ,  a 
predictio n problem) .  Th e simples t  approac h t o 
predictio n i s t o assum e tha t  th e futur e wil l  b e lik e th e 
past ,  an d thu s t o predic t  tha t  th e likelihoo d o f  a n even t 
occurrin g i n th e futur e wil l  b e th e sam e a s th e 
occurrenc e o f  th e even t  i n th e past .  So ,  i f  th e computer -
base d mediato r  analyze d it s lo g o f  pas t  need s fo r  a 
panicula r  kin d o f  information ,  i t  could ,  unde r  thi s "th e 
futur e wil l  b e lik e th e past "  assumption ,  predic t  tha t 
informatio n neede d frequentl y i n th e pas t  wil l  b e neede d 
agai n i n th e future .  Mediator s ma y als o hav e othe r  mor e 
sophisticate d way s o f  predictin g th e future ,  bu t  i n th e 
absenc e o f  suc h knowledge ,  th e frequenc y rul e ca n b e 
used .  Th e valu e o f  havin g store d th e informatio n locall y 
i s tha t  th e mediato r  doe s no t  hav e t o g o ou t  o n th e 
networ k t o ge t  i t  whe n needed ,  whic h m a y entai l  a 

monetar y cos t  o r  a  tim e dela y cos t  o r  both .  Again ,  th e 
mediato r  ca n infe r  th e cos t  o f  futur e acces s (an d th e 
benefi t  fro m storin g th e information )  b y accessin g it s 
lo g o r  memor y o f  pas t  cost s o f  accesses .  Th e expecte d 
cos t  ma y als o involv e bot h th e direc t  cos t  o f  storag e an d 
th e increase d cos t  o f  accessin g alread y store d 
information .  Tha t  is ,  eac h ne w piec e o f  informatio n ca n 
make th e retrieva l  o f  previousl y store d infonnaiio n mor e 
difficult .  O n e consequenc e o f  highe r  cost s o f  accessin g 
an increasin g bod y o f  existin g informatio n i s tha t  th e 
human mediato r  coul d b e motivate d t o restructur e th e 
store d informatio n t o optimiz e acces s an d reduc e storag e 
cost s (se e below) . 

As a n exampl e o f  networ k mediato r  interaction s o n a n 
electroni c network ,  conside r  &  person-to-perso n 
interactio n throug h elecuoni c mai l  i n whic h on e perso n 
ask s a  questio n t o anothe r  perso n o n th e network . 
Obviously ,  th e perso n receivin g th e questio n mus t 
decid e whethe r  t o respond ,  an d i f  so ,  ho w muc h o f  a 
respons e i s necessary .  Fo r  th e first  individua l  w h o aske d 
th e question ,  th e answe r  tha t  i s  receive d mus t  b e 
evaluate d an d a  decisio n mad e a s t o wha t  t o d o wit h th e 
information .  Base d o n th e framewor k presente d above , 
th e probabilit y  tha t  th e requestor  woul d kee p an d us e th e 
receive d informatio n woul d b e highe r  i f  th e expec t  valu e 
of  th e informatio n wa s perceive d t o b e high . 

Thi s notio n o f  interactin g netww k mediator s ca n als o 
be extende d t o includ e huma n an d computer-base d 
mediators .  Fo r  example ,  ther e ca n \x .  person-to -
compute r  interaction s ove r  a  network ,  suc h a s whe n a n 
individua l  use s a  networ k t o acces s a n onlin e databas e t o 
obtai n informatio n o n a  topic .  Perhap s a  journa l 
citatio n an d abstrac t  i s  foun d o n th e topic ,  bu t  th e 
perso n realize s th e pape r  i s ol d an d therefor e ma y contai n 
out-of-dat e information .  I n thi s case ,  th e probabilit y 
tha t  th e huma n mediato r  woul d kee p th e informatio n 
woul d b e low .  Computer-base d mediator-to-computer -
base d mediato r  networ k interaction s ar e als o possibl e 
(althoug h generall y muc h crude r  tha n huma n mediators) , 
as whe n a  softwar e agen t  scan s a n onlin e informatio n 
source .  Th e expec t  valu e o f  informatio n woul d b e hig h 
when a  specifi c  searc h criteri a rul e i s matched ,  thu s 
causin g th e softwar e agen t  t o obtai n an d stor e th e 
information . 

Network learning: Information optimization. 
Ther e i s anothe r  aspec t  o f  thi s probabilisti c  vie w o f  ho w 
th e decisio n operation s o f  huma n an d computer-base d 
mediator s affec t  th e flow  o f  networ k information .  On e 
consequenc e o f  th e D N L F genera l  principa l  i s  tha t  eac h 
nod e i n th e networ k attempt s t o c^timiz e it s functionin g 
by storin g thing s tha t  ar e likel y t o b e use d again .  Loca l 
storag e o f  informatio n thu s occur s ove r  time ,  essentiall y 
creatin g a  loca l  databas e o f  information .  Thi s loca l 
storag e o f  informatio n m a y als o b e internalize d b y th e 
mediator ,  resultin g i n learning .  Ther e ar e severa l 
consequence s o f  this .  I n a  functiona l  learnin g 
environment ,  ther e woul d b e adde d valu e t o informatio n 
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tha i  i s use d rq)eatedl y b y a  particula r  node .  Ther e woul d 
be a  tendenc y t o inaeas e th e judge d probabilit y  o f 
needin g tha t  informatio n again ,  an d thu s th e probabilit y 
woul d b e raise d tha t  th e mediato r  a t  th e nod e woul d 
attemp t  t o stor e o r  lear n th e information .  Thi s rul e als o 
suggest s tha t  ther e woul d b e a  graduat e acquisitio n o f 
expertise ,  a s ove r  tim e th e loca l  storag e o f  informatio n 
woul d becom e increasingl y riche r  an d organized .  Th e 
optimizin g functionin g tha t  occur s a t  a  nod e coul d b e 
analogou s t o th e learnin g processe s o f  accretion ,  tuning , 
and restructurin g (Rumelhar t  &  Norman ,  1978) . 
Initially ,  ther e woul d b e th e mer e accretio n o f 
informatio n (bot h i n term s o f  computer-base d storag e 
and th e huma n memor y representations)  whic h woul d 
evolv e int o mcv e differentiate d an d (xganize d knowledg e 
structure s ove r  time .  Thes e knowledg e structure s (e.g. , 
fo r  th e compute r  mediator :  rule s o r  hypertextua l  views ; 
fo r  th e huma n mediator :  schem a o r  menta l  models ) 
woul d the n serv e a s th e basi s fro m whic h th e mediato r 
woul d evaluat e ne w network-base d informatio n an d 
woul d b e lune d a s ne w informatio n i s locall y sto-e d an d 
use d a t  th e node .  Finally ,  i t  m a y becom e necessar y t o 
restructur e o r  develo p ne w organizatio n structure s i n 
orde r  t o accommodat e th e eve r  changin g informationa l 
flo w ove r  th e networ k an d th e changin g educationa l 
activitie s o f  th e learnin g environment . 

Networks and Cognitive Learning Theory 

Much of the discussion of the DNLF has so far been at a 
somewhat  abstrac t  level ,  dealin g wit h genera l  notion s o f 
informatio n flow ,  probabilitie s o f  storage ,  an d s o forth . 
However ,  th e raiso n detr e o f  a n educationa l  networ k i s 
determine d b y th e contex t  i n whic h i t  operates ,  whic h i s 
t o suppor t  learnin g an d knowledg e dissemination .  Thi s 
secon d aspec t  o f  th e D N L F ,  network s an d cognitiv e 
learnin g theory ,  thu s provide s a n importan t  perspectiv e 
t o understandin g an d structurin g {M-oductiv e educationa l 
experience s ove r  electroni c networks .  D u e t o th e scop e 
of  thi s paper ,  i t  i s no t  possibl e t o provid e a  detaile d 
discussio n o f  al l  th e importan t  cognitiv e theorie s o f 
learnin g tha t  ar e relevant  t o networ k instructiona l 
activities .  Thi s sectio n i s therefor e a  brie f  an d selecte d 
overvie w o f  a  ver y broa d topic . 

Give n th e explici t  functio n o f  compute r  network s t o 
lin k individual s an d group s together ,  ther e i s a  natura l 
affinit y betwee n th e D N L F an d genera l  theorie s o f 
learnin g tha t  tak e int o accoun t  th e extende d socia l 
context s o f  learning .  W e regar d th e semina l  theorie s o f 
Vygotsk y (1978 )  a s bein g o f  centra l  importanc e t o 
understandin g th e dynamic s o f  networ k mediate d learnin g 
activities .  O n e ke y Vygotskia n concep t  i s th e zon e o f 
proxima l  developmen t  (ZPD )  whic h propose s tha t  ther e 
i s a  progressiv e internalizatio n o f  knowledg e b y di e 
learne r  tha t  occur s throug h th e interactio n o f  th e learne r 
and othe r  member s o f  thei r  socia l  environmen t  (e.g. , 
teachers ,  parents ,  othe r  students) .  Fro m thi s 

perspective ,  compute r  network s ca n functio n t o exten d 
th e Z P D tha t  learner s ar e expose d t o b y providin g a 
wide r  an d richer  se t  o f  socia l  context s fo r  learnin g 
activities . 

Furthe r  insigh t  int o th e comple x contex t  o f  learnin g 
i s provide d b y recen t  cognitiv e instructiona l  research  tha t 
has documente d a  numbe r  o f  problem s learner s hav e 
wit h acquirin g an d transferrin g comple x knowledg e (e.g. , 
Gic k &  Holyoak ,  1987 ;  Lave ,  1989) .  A s m a n y 
network-base d learnin g activitie s involv e concq}tuall y 
demandin g conten t  area s o r  th e applicatio n o f  knowledg e 
t o rea l  worl d situation s an d problems ,  i t  i s importan t 
tha t  cognitiv e factor s associate d wit h learnin g comple x 
knowledg e b e considered .  Certainl y th e theaie s o f 
learnin g focussin g o n th e socia l  contex t  o f  learnin g hav e 
much t o contribut e t o thi s are a (e.g. .  Brown ,  Collins .  & 
Duguid ,  1989 ;  Vygotsky ,  1978) .  Also ,  ther e ar e othe r 
contemporar y cognitiv e theorie s o f  learnin g whic h ar e 
relevan t  t o th e us e o f  technology-base d system s i n 
instrtiction ,  suc h a s generativ e learnin g environment s 
(Cognitio n an d Technolog y Grou p a t  Vanderbilt ,  1991 ) 
an d cognitiv e flexibilit y  theor y (Spiro ,  Feltovich , 
Jacobson ,  &  Coulson ,  1991) .  Thes e theorie s o f 
learnin g focu s o n differen t  aspect s o f  th e learnin g an d 
instructiona l  processes ,  suc h a s anchorin g instructio n i n 
meaningfu l  problem-solvin g context s an d th e structur e 
of  th e knowledg e representation s give n t o th e learner . 
Indeed ,  th e applicatio n o f  multipl e theorie s o f  learnin g 
tha t  eac h addres s differen t  facet s o f  th e overal l  learnin g 
contex t  m a y functio n i n a  synergisti c wa y tha t  coul d 
hel p infcm n th e desig n an d us e o f  networ k learnin g 
activitie s t o foste r  bette r  learnin g o f  comple x subjec t 
content . 

T h e H u m a n - n e t w o r k Interfac e 

Given the many technical complexities associated with 
th e curren t  generatio n o f  compute r  networks ,  i t  i s no t 
surprisin g tha t  "ease-of-use "  ha s bee n identifie d a s a 
significan t  facto r  fo r  th e successfu l  conduc t  o f 
instructiona l  activitie s ove r  electroni c network s (e.g. , 
Rie l  &  Levin ,  1990) .  W e vie w thi s facto r  broadl y t o 
encompas s th e human-networ k interface ,  whic h ha s tw o 
mai n aspects .  First ,  networ k "case-of-access "  involve s 
logistica l  problem s suc h a s lac k o f  computers ,  phon e 
lines ,  o r  buildin g networ k wirin g pos e seriou s obstacle s 
t o th e educationa l  us e o f  computers .  Ongoin g work , 
suc h a s th e establishmen t  o f  th e Nationa l  Researc h an d 
Educatio n Networ k ( N R E N ) ,  wil l  provid e criticall y 
neede d suiqx)r t  t o hel p addres s thi s problem .  Second , 
networ k "ease-of-use "  mus t  b e considered ,  sinc e eve n 
wit h acces s t o th e networ k infrastructure ,  ther e ar e stil l 
many computer-huma n interfac e factor s tha t  mus t  b e 
solve d fo r  educator s an d student s usin g compute r 
networks .  Ther e i s thu s a  grea t  nee d fo r  softwar e tool s 
tha t  ar e specificall y designe d t o simplif y an d suppor t  th e 
conduc t  o f  network-base d learnin g activities . 
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The Messag e Assistan t  an d th e 
Distribute d Networ k Learnin g 

Framewor k 

The distributed network learning framework suggests 
kind s o f  softwar e tool s tha t  peopl e nee d t o conduc t 
effectiv e network-base d learnin g activities .  Thes e tool s 
nee d t o provid e specifi c  kind s o f  functionalit y tha t  g o 
beyon d mer e networ k acces s o r  men u drive n interfaces . 
I n thi s portio n o f  th e paper ,  w e discus s feature s o f  a 
Hypercard-base d interfac e t o educationa l  networ k 
resource s calle d Th e Messag e Assistan t  (Levi n & 
Jacobson ,  1991) .  Thi s progra m i s intende d t o assis t  a 
networ k mediato r  i n he r  o r  hi s access ,  organization ,  an d 
distributio n o f  networ k information .  A t  a  basi c level , 
thi s progra m provide s th e standar d type s o f  electroni c 
mai l  features ,  such  a s creating ,  sending ,  receiving , 
forwarding ,  an d replying.  I n addition .  Th e Messag e 
Assistan t  offer s tw o importan t  additiona l  featur e set s 
tha t  ar e base d o n th e D N L F :  messag e preprocessin g an d 
messag e organizing . 

M e s s a g e P rep rocess in g 

Users of national and international electronic networks 
ca n easil y becom e inundate d wit h larg e number s o f 
electroni c messages .  Thi s overloa d ha s generate d th e 
nee d fo r  electroni c messag e filterin g mechanism s 
(Malone ,  Grant ,  &  Turbank ,  1986) .  Th e Messag e 
Assistan t  permit s th e use r  t o hav e message s 
pr^M-ocesse d throug h a  se t  o f  user-define d rule s wit h 
condition s tha t  trigge r  actions .  Message s ar e initiall y 
presente d i n priorit y order ,  wit h th e defaul t  priorit y 
bein g revers e chronologica l  orde r  (i.e. ,  th e progra m 
assign s recen t  message s a  highe r  priorit y tha n olde r 
ones) .  Howeve r  th e use r  ca n creat e rule s t o influenc e th e 
priorit y level s o f  messages .  Fo r  example ,  message s 
coul d automaticall y hav e thei r  priorit y leve l  raise d 
moderatel y b y . 4 (o n a  scal e o f  - 1 t o 1) .  A  differen t  rul e 
coul d chec k fo r  message s from  a  specifi c  grou p on e i s 
onl y casuall y intereste d an d lowe r  thei r  priority .  Th e 
use r  ca n easil y ignor e th e messag e fMioritizaiion s sinc e 
an overvie w listin g o f  al l  message s i s availabl e an d th e 
use r  ca n selec t  an y message s t o read .  Bu t  w e anticipat e 
tha t  whe n th e use r  i s confronte d wit h a  larg e numbe r  o f 
ne w message s t o read,  th e preprocessin g an d 
prioritizatio n o f  message s base d o n th e user' s o w n 
customize d se t  o f  rule s wil l  prov e helpfu l  t o th e use r  i n 
decidin g whic h message s t o rea d immediatel y an d whic h 
t o rea d later .  Th e Messag e Assistan t  als o allow s th e 
use r  t o specif y rule s fo r  automaticall y answering , 
fcH-warding ,  an d classifyin g messages . 

Ther e ar e severa l  way s i n whic h thes e feature s 
instantiat e aspect s o f  th e D N L F .  Th e networ k mediato r 
an d flo w o f  informatio n an d knowledg e aspec t  hold s tha t 

probabilisti c  evaluation s o f  networ k informatio n ar e 
made b y a  mediato r  a t  a  particula r  node .  Th e messag e 
rule s functio n a s a  computer-base d mediato r  tha t  assist s 
th e huma n mediato r  i n makin g a n initia l  determinatio n 
of  th e expecte d valu e o f  th e information .  Th e messag e 
rule s for m a  user-defme d exper t  syste m whic h i s 
incrementall y specifie d an d teste d ove r  tim e an d thu s 
graduall y increase s it s expertis e wit h use .  Suc h a n 
exper t  syste m serve s a s a  computer-mediato r  tha t  take s 
ove r  repetitive  o r  low-leve l  evaluation s o f  th e expecte d 
valu e o f  certai n type s o f  networ k informatio n an d the n 
automaticall y initiat e action s whic h filter ,  route ,  o r  stor e 
tha t  information .  Informatio n tha t  doe s no t  matc h an y 
prespecifie d rule s i s passe d o n t o th e huma n mediato r  t o 
be evaluated ,  s o thi s kin d o f  "exper t  system "  i s robust 
I f  th e ne w informatio n i s regarde d a s bein g o f  value , 
the n th e huma n mediato r  wil l  operat e o n tha t 
information . 

The us e o f  rule s i n Th e Messag e Assistan t  als o 
contribute s t o th e human-networ k interfac e b y reducin g 
some o f  th e technica l  an d cognitiv e loa d o n th e huma n 
mediator .  A t  a  simpl e level ,  th e prioritizatio n o f 
message s help s th e mediato r  determin e wha t  t o rea d first . 
Also ,  th e rule s functio n a s a n automati c filterin g an d 
routin g agent ,  thu s reducin g th e overal l  numbe r  o f 
message s tha t  th e mediato r  ha s t o explicitl y  dea l  with . 
At  a  mor e substantiv e level ,  th e rule s ca n assis t  th e 
mediato r  i n organizin g th e comple x knowledg e tha t  i s 
containe d i n a  larg e corpu s o f  message s b y automaticall y 
creatin g hypertextua l  link s betwee n message s (se e 
below) . 

M e s s a g e Organ i z i ng :  Hyper tex tua l  L ink s 
fo r  K n o w l e d g e Structur in g 

As discussed in the fu-st section of the paper, a central 
assertio n o f  th e distribute d networ k learnin g framewor k 
i s tha t  networ k learnin g activitie s involv e th e flo w o f 
informatio n fro m location s wher e th e informatio n i s 
store d o r  availabl e t o differen t  node s o n th e networ k 
base d o n th e learners '  informatio n needs .  Th e mer e 
existenc e o f  a  networ k infrastructur e i s a  necessar y bu t 
not  a  sufficien t  conditio n fo r  significan t  learnin g t o 
occu r  ove r  educationa l  netwcM-ks .  Th e Messag e 
Assistan t  i s bein g designe d t o iwovid e messag e 
organizin g technique s tha t  w e hop e wil l  prov e usefu l  i n 
helpin g user s transfor m informatio n int o usabl e 
knowledg e whil e the y ar e participatin g i n learnin g 
activitie s conducte d ove r  th e network .  Messag e 
organizin g ha s bee n implemente d bot h throug h th e user -
define d exper t  syste m (i.e. ,  messag e prioritization ,  se e 
above )  an d throug h tw o type s o f  hypertextua l  linkin g 
mechanisms :  fixed  link s an d virtua l  hypertex t  links . 

Fixed links. Specific fixed links can be manually 
create d betwee n differen t  message s b y th e use r  o r 
automaticall y b y th e progra m whe n replyin g o r 
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forwardin g a  message .  Thes e "convendonal "  hypertex t 
link s allo w th e use r  t o organiz e an d acces s message s i n a 
nonlinea r  manner . 

Virtual conceptual hypertext links. A more 
powerfu l  featur e fo r  knowledg e organizatio n involve s th e 
abilit y  o f  th e progra m t o creat e multipl e set s o f  virtua l 
hypertex t  link s base d o n conceptua l  interrelationship s 
betwee n variou s messages .  W e refe r  t o thes e virtua l 
conceptua l  hypertex t  link s a s "views "  o f  th e locall y 
store d messages .  T w o defaul t  view s o f  th e message s ar e 
"I n View "  an d "Ou t  V iew "  tha t  correspon d t o receive d 
and sen t  messages .  Th e use r  m a y the n creat e ne w view s 
of  th e message s tha t  shar e a  c o m m o n topic ,  theme , 
issue ,  o r  othe r  conceptua l  bond .  Eac h vie w represent s 
one possibl e se t  o f  hypertextua l  link s betwee n a  subse t 
of  th e messages ;  switchin g t o a  differen t  vie w 
reconfigure s th e link s betwee n messages .  A s man y 
message s contai n informatio n tha t  dea l  wit h severa l 
issues ,  i t  i s possibl e t o assig n th e sam e messag e t o 
severa l  views .  I n addition ,  th e progra m allow s bot h th e 
user-define d rule s t o automaticall y assig n message s t o a 
vie w an d fo r  th e mediato r  t o manuall y assig n a  messag e 
t o a  view .  Overall ,  thi s abilit y  t o manuall y an d 
automaticall y creat e view s an d the n acces s th e message s 
fro m thes e multipl e conceptua l  perspective s i s intende d 
t o hel p th e mediato r  creat e organize d informatio n an d 
lea d t o th e generatio n o f  usefu l  knowledge . 

Message organizing and the DNLF. As with the 
preprocessin g o f  messages ,  ther e ar e severa l  way s i n 
whic h th e messag e organizin g functionalit y o f  Th e 
Message Assistan t  ha s bee n guide d b y th e D N L F .  Th e 
user-define d incrementa l  exper t  syste m i s ver y 
specificall y concerne d wit h th e flo w o f  irtformatio n int o 
and ou t  o f  th e node .  Whil e thes e rule s functio n t o 
automat e th e initia l  decisio n proces s concernin g th e 
value ,  loca l  storage ,  an d flo w o f  informatio n i n th e 
preprocessin g stage ,  th e rule s ca n als o serv e t o recor d 
and automaticall y a^l y aspect s o f  experienc e an d 
expertis e o f  th e huma n mediato r  a t  a  highe r  conceptua l 
leve l  throug h th e hypertextua l  messag e vie w linkages . 

The virtua l  hypertex t  link s featur e help s t o instantiat e 
th e D N L F goa l  o f  optimizatio n (i.e. ,  networ k node s 
auempi  t o optimiz e thei r  functionin g b y locall y storin g 
potentiall y  usefu l  information) .  Th e view s functio n 
provide s th e mediato r  wit h a  mechanis m t o creat e a 
personall y meaningfu l  knowledge-bas e tha t  i s als o 
flexibl e i n term s o f  organizin g an d accessin g th e 
informatio n i n th e messages .  W e expec t  t o se e a  gradua l 
acquisitio n o f  expertis e embedde d i n th e computer-base d 
mediato r  o f  Th e Messag e Assistan t  i n term s o f  th e user -
create d rule s an d view s an d i n th e huma n mediatcM -  i n 
term s o f  acquire d knowledge .  Wit h a  functiona l  learnin g 
environment ,  suc h a s usin g th e networ k fo r  educationa l 
activities ,  ther e wil l  b e informatio n tha t  repeatedl y 
comes t o a  particula r  nod e an d thu s i s judge d a s havin g a 
highe r  expecte d value ,  leadin g t o th e loca l  storag e o f  th e 

informatio n an d it s incorporatio n int o th e rul e an d vie w 
structures .  Finally ,  ove r  tim e th e specificatio n o f 
message view s an d rule s woul d progres s tom  gradua l 
accretion ,  t o th e tunin g us e o f  a  bod y o f  accumulate d 
view s an d rules ,  t o th e restrucuirin g o f  view s an d rule s 
as th e huma n mediato r  work s wit h th e dynami c an d 
changin g learnin g environmen t 

Ther e i s anothe r  aspec t  o f  th e messag e organizin g 
feature s o f  Th e Messag e Assistan t  tha t  i s relate d t o th e 
D N L F.  Th e secon d aspec t  o f  th e D N L F ,  network s an d 
cognitiv e learnin g theory ,  concern s "th e botto m line "  o f 
a technologica l  learnin g environment '  tha t  student s b e 
abl e 1 0 acquir e usabl e informatio n an d knowledg e a s a 
resul t  o f  thei r  us e o f  instructiona l  activities .  T h e 
cognitiv e demand s associate d wit h learnin g comple x 
knowledg e hav e bee n receivin g increasin g attentio n i n 
th e cognitiv e science s i n term s o f  theoretica l  an d 
researc h wori c (e.g. ,  Glaser ,  1990 ;  Spir o e t  al. ,  1988 ; 
Vygotsky ,  1978) .  Ther e ar e severa l  aspect s o f  Th e 
Messag e Assistan t  tha t  attemp t  t o implemen t  variou s 
aspect s o f  thes e curren t  cognitiv e view s o f  learning .  A s 
note d earlier ,  learnin g theorie s concerne d wit h th e socia l 
and situate d context s o f  learnin g ar e centra l  t o th e 
D N L F.  Th e Messag e Assistan t  i s explicitl y  designe d 
t o functio n i n a  socia l  contex t  an d t o b e a  par t  o f 
learnin g activitie s tha t  involv e student s i n rea l  worl d 
problem s an d issue s (e.g. ,  Levi n e t  al. ,  1987) .  Th e 
preiMXicessin g an d messag e organizin g function s o f  th e 
progra m ar e intende d t o suppor t  bot h collaborativ e 
learnin g activitie s an d a  mor e recen t  notio n o f 
teleapprenticeship s (Levi n e t  al. ,  1987) . 
TeleapfHrenticeship s incorporat e apprenticeshi p mode s o f 
learnin g int o th e networ k environment s throug h usin g 
th e netwcff k t o allo w novice s an d expert s t o interac t  i n 
educationall y significan t  way s b y overcomin g logistica l 
and pragmati c constraint s suc h a s wor k schedule s o r 
geographica l  location .  Th e messag e preĵ 'ocessin g an d 
organizin g feature s o f  Th e Messag e Assistan t  wil l  prov e 
valuabl e i n suf^rtin g teleapprenticeshi p type s o f 
networ k learnin g activitie s an d i s th e on e aspec t  o f  ou r 
curren t  research . 

R e s e a r c h i n g t h e D i s t r i b u t e d N e t w o r k 
Learnin g Framewor k 

In the research to evaluate the DNLF, there are several 
primar y question s w e ar e intereste d in ,  suc h as :  W h a t 
sort s o f  prediction s doe s th e firamework  mak e concernin g 
interactiona l  pattern s an d th e larg e scal e flo w o f 
network-baso d information ? H o w ca n softwar e tool s 
hel p suppor t  th e transformatio n o f  flui d networ k 
infcMinatio n int o structure d an d usabl e knowledge ? W h a t 
ar e th e implication s o f  th e framewor k fo r  guidin g th e 
optima l  organizatio n o f  th e networ k fo r  learning ? 

Becaus e ther e ar e specifi c  probabilit y  rule s associate d 
wit h theyZo w o f  informatio n an d knowledg e aspec t  w e 
pla n t o construc t  model s o f  informatio n flo w an d die n t o 
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compar e thos e model s t o specifi c  dat a o n messag e 
interactions .  Th e Messag e Assistan t  i s currentl y bein g 
use d b y networ k mediators .  Dat a collectio n routine s i n 
th e progra m recor d a  numbe r  o f  facet s o f  th e us e o f  th e 
program ,  particularl y wit h respec t  t o messag e flo w 
pattern s an d th e specification ,  evolution ,  an d us e o f  rule s 
and views .  Also ,  a n importan t  researc h agend a concern s 
factor s associate d wit h learning ,  particularl y attemptin g 
t o ascertai n th e effectivenes s o f  th e learnin g activitie s 
bein g conducte d ove r  th e networ k i n term s o f  helpin g 
student s acquir e knowledg e the y ca n us e i n ne w way s 
and i n ne w contexts . 

Summary 

This paper describes portions of a research project which 
i s developin g a n electroni c mai l  an d knowledg e 
organizatio n program .  Th e Messag e Assistant .  Thi s 
progra m i s intende d t o promot e higher-orde r  learnin g 
goal s a s a  par t  o f  instructiona l  activitie s conducte d ove r 
distribute d educationa l  networks .  Th e desig n o f  thi s 
softwar e i s base d o n a  cognitively-oriente d vie w o f 
educationa l  network s tha t  w e refe r  t o a s th e distribute d 
networ k learnin g framework .  Th e D N L F consist s o f 
thre e mai n aspects :  networ k mediator s an d th e flo w o f 
informatio n an d knowledge ,  network s an d cognitiv e 
theorie s o f  learning ,  an d human-networ k interface .  W e 
regar d th e framewor k a s a/7cxzWe--an d extendable-se t  o f 
perspective s fro m whic h t o examin e an d t o wor k wit h 
differen t  aspect s o f  thi s complex ,  multifaceted ,  an d 
dynamicall y evolvin g learnin g technology .  Whil e w e 
fee l  tha t  ther e ar e numerou s way s i n whic h th e 
distribute d networ k learnin g framewor k ma y b e applie d 
t o educationa l  electroni c networ k research ,  thi s pape r 
discusse s th e framework  i n term s o f  th e user-define d 
exper t  syste m an d hyj)ertextua l  feature s o f  Th e Messag e 
Assistan t  program .  Th e researc h o n model s derive d from 
thi s framewor k ca n contribut e t o th e desig n an d us e o f 
netwwk-base d learnin g environment s tha t  enhanc e th e 
learnin g opportunitie s an d outcome s o f  students . 
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