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The introduction of com puters in schools in the early 1980s was
accom panied by high expectations concerning the potential of the N ew
Inform ation Technology (N IT) for im proving education. However, at
present it has becom e clear that those expectations have not been
fulfilled, neither by com puter-assisted instruction nor by intelligent
tutoring system s. It is argued that this is largely due to the
educationally inadequate conditions of com puter applications in
classroom s, based on unrealistic assum ptions about the instructional
potential of the N IT  and on an inappropriate conception of learning as
a passive process of inform ation absorption. A new expanding
conception of productive educational com puting is described:
com puters should be em bedded in powerful collaborative learning
environm ents as tools that elicit and support in students active
processes of knowledge acquisition, m eaning construction, and problem
solving. Two representative exam ples of educational software that are
in line with this conception are discussed. Finally, suggestions for
further research and developm ent work as well as som e
recom m endations for a supporting policy are presented.

La introducción de los com putadores en las escuelas a com ienzos de los
años 1980, fue acom pañada por altas expectativas en relación al
potencial de la N ueva Tecnología de la Inform ación (N TI) para
m ejorar la educación. S in em bargo, en este m om ento, ha quedado en
claro que esas expectativas no se han cum plido, ni por la instrucción
asistida por com putador, ni por los sistem as tutoriales inteligentes. S e
argum enta que esto se debe, en gran parte, a las condiciones
educacionales inadecuadas de las aplicaciones del com putador en las
aulas, basadas en supuestos poco realistas sobre el potencial
instruccional de las N TI y en una inadecuada concepción del
aprendizaje com o un proceso pasivo de absorción de inform ación. S e
describe una nueva concepción com prehensiva de la com putación
educacional productiva: los com putadores debieran estar insertos en
am bientes de aprendizaje colaborativos en form a de herram ientas que
hacen surgir y que apoyan procesos activos de adquisición de
conocim ientos de los estudiantes, así com o construcción de significados
y resolución de problem as. S e analizan dos ejem plos representativos de
software educacional que están en consonancia con esta concepción.
Finalm ente, se presentan sugerencias para ulterior investigación y
trabajos posteriores, así com o recom endaciones para una política de
apoyo.
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1.  High  e xpe ctation s  n ot re de e m e d

When microcomputers began  to be in t roduced in  schools in  the
ear ly 1980s, it  was predicted tha t  th is new in teract ive and dynamic
medium would sign ifican t ly change the qua lity and the ou tcomes of
schooling, even  before the end of the decade. Today –about  ten  years
la ter– there is robust  evidence showing tha t  the predict ions have not
come t rue, and were probably more based on  wishfu l th inking than
on well-grounded a rguments.

For  example, Becker  (1991) repor ted the U.S. da ta  for  a  major
su rvey abou t  t he use of computer s in  educa t ion  ca r r ied ou t  in  21
cou n t r ies by t h e In t er n a t ion a l Associa t ion  for  t h e E va lu a t ion  of
Educa t iona l Achievement  (I.E .A.). While the number  of computers
ava ilable in  Amer ican  schools has increased st rongly between  1985
and 1989 –from the average of 4 to 17 in  elementary schools, and from
16 to 39 in  high schools– Becker  comes never theless to the conclusion
tha t  “only a  small minor ity of t eachers and students can  be sa id to
yet  be major  computer  users –where a  la rge por t ion  of inst ruct ion ,
lea r n in g, or  pr odu ct ive wor k  in  on e cla ss  is  bein g a ccom plish ed
through the use of computers” (pp. 405-406). There a re no reasons to
believe tha t  th is situa t ion  is differen t  in  other  count r ies.

As fa r  a s lea rn ing ou tcomes a re concerned, the well-designed
studies r epor t  few and very modest  sign ifican t  r esu lt s in  favor  of
com pu t er-a ssist ed in st r u ct ion  (CAI) in  com pa r ison  t o t r a dit ion a l
cla s s r oom  t ea ch in g (Kr en d l & Lieber m a n , 1988). An d , in  a n
in vest iga t ion  in volvin g 339 st u den t s fr om  fou r t h  t o t en t h  gr a de
cla s s es , Kr en d l a n d  Br oih ier  (1992) r ecen t ly fou n d  evid en ce
suppor t ing the view tha t  posit ive resu lt s of computer  applica t ion  in
schools might  be shor t -t erm novelty effect s. Indeed, they observed
tha t  over  a  th ree year  per iod students’ preference for  or  en joyment
of com pu t er s  a s  well a s  t h eir  per cep t ion  of t h e  in s t r u ct ion a l
effect iveness of the technology declined sign ifican t ly over  t ime. On
t h e ot h er  h a n d , s t u den t s  per cep t ion  of t h e d ifficu lt y of u s in g
computers did no decrease.

All these findings show obviously tha t  the in it ia l expecta t ions
wit h  r espect  t o t h e sh or t -t er m  im pa ct  of t h e N ew In for m a t ion
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Tech n ology on  sch oolin g r a n  t oo h igh . Th is  is  a lso con fir m ed by
Kaput’s (1992) recent  descr ipt ion of the sta te-of-the-ar t  in  the domain
where one would have ant icipated the most  significant  breakthrough
of the computer, namely mathemat ics educa t ion :

1. Notwithstanding the increase over  the past  years, it  is st ill so
tha t  on ly very few and most ly obsolete computers a re ava ilable in
schools.

2. There is st ill a  lack of software in  sufficien t  quant ity and of
sufficient  quality to warrant  the investment  necessary for  large-scale
computer  use.

3. Computers a re too difficu lt  for  the average teacher  to use in
the typical classroom on a  susta ined basis (among others because the
a va ila ble soft wa r e is  n ot  su fficien t ly t ied  t o a n d  cer t a in ly n ot
in tegra ted in  the school cur r icu lum).

4. P re-service t eacher  t r a in ing fa lls shor t  in  providing fu tu re
teachers systemat ic in -depth  exper ience with  computers.

5. Because of the preceding circumstances t eachers have on ly
very low, if any a t  a ll, expecta t ions concern ing computer  suppor t  for
their  t eaching.

If there is anyth ing to be surpr ised about  it  is cer ta in ly not  th is
sta te-of-the-a r t , bu t  ra ther  the unrea list ic expecta t ions of the ear ly
1980s. Indeed, it  seems tha t  the h istory (of educa t iona l t echnology)
repea ts it self, and tha t  we do not  lea rn  too much from it . Take, for
instance, the following cla im quoted by Cuban  (1986):

“The cen t ra l and dominan t  a im of educa t ion  by ( computers ) is to
br ing the wor ld to the classroom, to make universa lly ava ilable the
services of the best  teachers… The t ime may come when a  [computer ]
will be a s  com m on  in  a  cla ssr oom  a s  a  bla ck boa r d . [Com pu t er ]
in s t r u ct ion  will  be  in t egr a t ed  in t o s ch ool l ife  a s  a n  a ccep t ed
educa t iona l medium.” (p. 19)

This sta tement  echoes many simila r  ones heard in  the 1980s;
only th is one da tes from 1932 and rela tes to the educa t iona l use of
the radio!



PENSAMIENTO EDUCATIVO. Vol. 15 - 1994 Er ik De Cor te

129

On  t h is  r espect , it  sh ou ld  be a dded , t h a t  over look in g t h e
unredeemed expecta t ions of previous educa t iona l gadgets does not
only hold t rue for  their  shor t -term impact  on  educa t iona l pract ice.
Indeed, educat ional comput ing research has –cer ta inly in it ia lly– a lso
replicated the naïveté and the errors of the work done in  the past  with
r espect  t o ot h er  m edia  (Lowyck  & De Cor t e, 1986; Sa lom on  &
Ga r d n er, 1986). Bu t  m ea n wh ile  t h in gs  h a ve  ch a n ged  in  t h e
researchcommunity as will be illustra ted la ter  on (see De Corte, Linn,
Mandl, & Verschaffel, 1992).

2.  Wh at’s  w ron g w ith  cu rre n t com pu te r application s  in
e du cation ?

A major  cause of the rela t ive fa ilu re of educa t iona l comput ing –
as well as of previous “la test  novelt ies” in  the instruct ional technology
toolbox– is tha t  the computer  has been mainly in t roduced as an  add-
on to an existing and unchanged classroom  setting (see a lso Salomon,
1992; Schank & J ona , 1991). In  mathemat ics, for  instance, the la rge
major ity of the ava ilable software fit s in to the ca tegory of dr ill-and-
pra ct ice progra ms, a nd a ims m a in ly a t  exer cising compu t a t ion a l
skills replacing in  th is respect  t radit iona l worksheets (Kaput , 1992).
This means tha t  the New Informat ion  Technology is implemented to
reproduce and preserve the status quo. However, this exist ing pract ice
of mathemat ics educa t ion  has it self been  heavily cr it icized over  the
la s t  t en  t o fift een  yea r s. As  a  r esu lt  m a jor  effor t s  a r e don e t o
t ransform mathemat ics lea rn ing and teaching from the individua l
absorpt ion  and memor iza t ion  of a  fixed body of decon textua lized
concepts and procedura l skills t ransmit ted by the teacher, in to the
colla bor a t ive, t ea ch er-m edia t ed con st r u ct ion  of m ea n in gfu l a n d
usefu l knowledge and problem-solving skills based on  mathemat ica l
modelling of au thent ic, rea l-life situa t ions and contexts (see De Cor-
te, Greer, & Verschaffel, in  press: NCTM. 1989).

The situa t ion  in  other  subject -mat ter  domains does not  seem to
be m u ch  differ en t . In  la n gu a ge t ea ch in g, for  exa m ple, pr ogr a m s
focusing on pract ising rules of spelling and grammar also prevail, and
much  less softwa re is ava ilable t ha t  suppor t s t he more essen t ia l
a s p ect s  of r ea d in g a n d  wr it in g, n a m ely com p r eh en s ion  a n d
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communica t ion . As Becker ’s (1991) repor t  of the I.E .A. da ta  for  the
U.S. illust ra tes, there is a  t endency since the la te 1980s tha t  word
pr ocess in g em er ges  a s  a  m a jor  com pu t er-ba sed  a ct ivit y a t  t h e
highschool level. However, a  fur ther  analysis indica tes tha t  the focus
is on  how to use a  word processor  ra ther  than on improving students’
skill in  expressing their  ideas th rough wr it ing.

It  ha s now become obvious t ha t  t he mere a dd-on  st r a t egy of
computer  use in  schools can  not  produce the improvements in  the
quality and the outcomes of learning that  were or iginally ant icipated.
A pa r t ia l explana t ion  of the inefficacy of th is st r a t egy is t ha t  t he
pr eva ilin g dr ill-a n d-pr a ct ice a pplica t ion s on ly elicit  in  s t u den t s
lower level m en t a l a ct ivit y, a n d do n ot  a t  a ll exploit  t h e specific
poten t ia l of the computer  such  as it s in teract ive possibilit ies and it s
t r emendous capacity for  da t a  presen ta t ion  and handling (see e.g.
Makrakis, 1988).

A more fundamental reason, however, for the failure of the add-on
st r a t egy is  t h a t  it  is  ba sed on  a  wr on g a ssu m pt ion , n a m ely t h a t
computers will evoke by themselves product ive lea rn ing. The most
typica l illust ra t ion  in  th is respect  rela tes to the way tha t  Logo has
oft en  been  u sed r efer r in g t o Pa per t  (1980): it  wa s expect ed t h a t
“mindstorms” resu lt ing in  improved th inking and problem-solving
skills, would r ise of themselves in  ch ildren’s heads due to the unique
character ist ic of the Logo environment . Contradicted convincingly by
well-des ign ed  s t u d ies  a s  well a s  by p r a ct ica l exper ien ce t h is
viewpoin t  has meanwhile been  abandoned. Bu t  t he most  implicit
assumpt ion  tha t  computers can  by themselves elicit  and facilit a te
st u den t  lea r n in g, br in gs u s t o a n  on goin g deba t e in  t h e cu r r en t
lit er a tu re, namely whether  computer s have un ique effect s on  the
acquisit ion  of knowledge, skills, and beliefs. In  th is respect , an  ext re-
me negat ive posit ion  has been taken by Clark (1983) who cla ims tha t

“…m edia  a r e m er e veh icles  t h a t  deliver  in s t r u ct ion  bu t  do n ot
influence student  achievement  any more than  the t ruck tha t  delivers
our  grocer ies causes changes in  our  nu t r it ion .” (p. 445)

According to Clark, the method and the conten t  of inst ruct ion
are the cr it ica l factors in  producing lea rn ing effect s, a lbeit  tha t  the
m ediu m  ca n  in flu en ce t h e efficien cy a n d t h e cos t  of deliver in g
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inst ruct ion. In  other  words, the potent ia l of the computer  lies in  some
economic benefit s, not  in  lea rn ing benefit s (see a lso Clark, 1992).

Based on  an  extensive review of the lit era ture on  lea rn ing with
media , Kozma (1991) has con tested Cla rk’s view. Specifica lly with
r espect  t o com pu t er s, h e r eviewed  s t u d ies  t h a t  sh ow h ow t h e
t r a n sfor m a t ion  ca pa bilit ies  on  t h e m a ch in e h elp st u den t s  in  a n
effect ive way t o bu ild lin ks bet ween  t h e sym bolic expr ession s of
graphs and the cor responding rea l wor ld phenomena; other  work in
ph ysics dem on st r a t es h ow lea r n er s develop m or e con sist en t  a n d
a ccu r a t e m en t a l m odels of ph en om en a  t h r ou gh  m a n ipu la t ion  of
s ym bolic r ep r es en t a t ion s  of for m a l con s t r u ct s  in  com p u t er
microworlds. Taking these findings in to account , Kozma argues tha t ,
in  a  good in st r u ct ion a l design , m edia  a n d m et h od a r e n a r r owly
integra ted, and, consequent ly, tha t  the learner  const ructs knowledge
in  in teract ion  with  medium and method.

Consider ing the ava ilable evidence and the a rguments involved
in  the ongoing dispu te, I t ake –in  line with  Kozma’s posit ion– the
point  of view that  the product ive educat ional applicat ion of computers
r equ ir es  t h a t  t h ey a r e em bed d ed  in  pow erfu l teach in g-learn in g
environm ents, i.e. inst ruct iona l set t ings tha t  elicit  in  studen t s the
acquisit ion  processes necessary to a t ta in  wor thwhile and desirable
educa t iona l object ives. Embedding means here tha t  the computer  is
not  just  an  add-on , bu t  is judiciously in tegra ted in  the environment
ca pit a lizin g on  it s  specific s t r en gt h s  a n d  pot en t ia l t o pr esen t ,
represent , and t ransform informat ion (e.g. simulat ions of phenomena
a n d pr ocesses), a n d t o in du ce effect ive for m s of in t er a ct ion  a n d
cooperat ion (e.g., through exchanging data , information and problems
via  a  network).

3.  In te llige n t tu torin g  syste m s: THE so lu tion ?

P a r a lle l in g t h e  la r ge-s ca le  in t r od u ct ion  of com p u t er s  in
educat ion, the cognit ive science community interested in learning and
t ea ch in g h a s  in ves t ed  a  lot  of wor k  a n d effor t  in  t h e des ign  of
in t elligen t  t u tor ing syst ems (ITS) (for  an  overview see Goodyea r,
1991; Sleeman & Brown, 1982; Wenger, 1987). It  is in terest ing to ask
the quest ion  whether  th is in terdisciplinary research  endeavour  has
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yielded resu lt s in  view of remedia t ion  of the fa ilu res of educa t iona l
comput ing. This quest ion  forces it self because a  major  incent ive for
designing ITS derived from dissat isfact ion with t radit ional computer-
a ss is t ed  in s t r u ct ion  (CAI) t h a t  p r eva iled  a n d  s t ill p r eva ils  in
educat ional pract ice. In  fact , educat ional software involving ar t ificia l
in telligence (AI) was or igina lly ca lled “in telligent” computer-assisted
inst ruct ion  (ICAI). The cr it ica l dist inct ion  between  CAI and ITS is
t h a t  CAI a r e st a t ic syst em s t h a t  em body t h e decision s of exper t
teachers, while ITS conta in  exper t ise it self and can  use it  as a  basis
for  taking decisions about  inst ruct iona l in tervent ions. The domain
of AI  a n d  ed u ca t ion  is  a n  in t e r d is cip lin a r y cr os s r oa d , a n d ,
consequen t ly, the development  of in t elligen t  tu tor s is gu ided by a
s u bs t a n t ia l  a n d  va r ied  bod y of in qu ir y-ba s ed  k n owled ge.
Never theless the field is st rewn with  pit fa lls.

For  instance, one very robust  resu lt  of research  on  lea rn ing and
in s t r u ct ion  is  t h a t  s t u den t ’s  p r ior  k n owledge is  a  ver y s t r on g
determinant  of their  fu ture learning (see e.g. Dochy, 1992). Therefore,
inst ruct ion should explicit ly be linked up to pr ior  knowledge, and the
ITS community has taken  th is pr inciple ser iously. Indeed, a  major
componen t  of a n  in t elligen t  t u tor  is t he st uden t  model wh ich , a s
Wenger  (1987) sta tes:

“…sh ou ld  in clu de a ll t h e a spect s  of t h e s t u den t ’s  beh a vior  a n d
knowledge that  have repercussions for  his performance and learning.”
(p. 16)

Bu t  t he same au thor  adds immedia t ely t ha t  bu ilding such  a
student  model is a  very difficu lt  t a sk for  computer-based systems.
Mor eover, it  is  by n ow n ot  clea r  h ow fa r  on e sh ou ld  go in  t h e
const ruct ion  of studen t  models, and how flexible and diagnost ic a
system should be in  view of providing the most  appropr ia te guidance.
Putnam (1987), for  instance, tested the idea  tha t  a  deta iled model for
a  student’s knowledge is a  prerequisite to successful remedia t ion . He
fou n d  n o su ppor t  for  t h e so-ca lled  d ia gn os t ic-r em edia l m odel:
exper ien ced t ea ch er s did n ot  t r y t o con st r u ct  det a iled m odels of
ch ildren’s wrong procedures as a  basis for  remedia l inst ruct ion .

An  even  m or e fu n da m en t a l issu e con cer n s t h e n a t u r e of t h e
gu idance tha t  an  ITS shou ld provide t aking in to accoun t  the now
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well-d ocu m en t ed  con cep t ion  t h a t  lea r n in g is  a n  a ct ive  a n d
con s t r u ct ive  p r oces s : lea r n er s  a r e  n ot  p a s s ive  r ecep t a cles  of
informat ion , bu t  they act ively const ruct  their  knowledge and skills
through interact ion with  the environment  and t rough reorganizat ion
of their  pr ior  menta l st ructu res (Cobb, in  press). Consequen t ly, a s
a rgued by Sca rdamalia , Bereit er, McLean , Swa llow, and Woodruff
(1989), computer-based lea rn ing environments should suppor t  the
const ruct ive acquisit ion  processes in  students. The quest ion  ra ises
whether  the exist ing ITS a re in  accordance with  th is const ruct ivist
view of lea rn ing. Indeed, “t r adit iona l” in t elligen t  tu tor s tha t  base
t h eir  in st r u ct ion a l decision s on  a  det a iled dia gn osis of st u den t ’s
knowledge, can easily led to a  preponderance of highly st ructured and
direct ive lea rn ing situa t ions lacking sufficien t  oppor tun it ies for  ac-
t ive lea rner  involvemen t  and pa r t icipa t ion . Ander son ’s Geom etry
Tutor (Anderson , Boyle, & Reiser, 1985), one of the most  frequent ly
qu ot ed exa m ples of a n  ITS, is  a n  illu st r a t ion  of su ch  a  dir ect ive
system. As remarked by Kaput  (1992), suggested a t tempts to make
the tu tor  more flexible and educa t iona lly adjustable will not  change
it s  u n der lyin g epist em ology: “t h e kn owledge a n d t h e u n der lyin g
author ity of the tu tor  reside in  the computer.” (p. 545) Paraphrasing
Paper t  (1990) who opposes “const ruct ionism” to “inst ruct ionism”, one
cou ld  sa y t h a t  t h e Geom et r y Tu t or  will con t in u e t o r eflect  a n
“inst ruct ivist” ra ther  than  a  “const ruct ivist” view of lea rn ing.

The now prevailing construct ivist  concept ion of learning and the
problems confront ing the design of ITS, have fostered the emergence
of the view that  computer-based learning environments should not  so
much involve the knowledge and intelligence to guide and st ructure
learning processes, but  that  they should ra ther  create situat ions and
offer  tools that  st imulate students to make maximum use of their  own
cogn it ive pot en t ia l (Sca r da m a lia  et  a l., 1989). In  t h is con n ect ion
Kintsch (1991) has launched the idea of unintelligent tutoring:

“A tutor  should not  provide the intelligence to guide learning, it  should
not  to the planning and monitor ing of the student ’s progress, because
those a re the very act ivit ies the students must  per form themselves
in  order  to lea rn . What  a  tu tor  should do is to provide a  temporary
support  for  learners that  a llows them to perform at  a  level just  beyond
their  cur ren t  ability level.” (p. 245)
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It  is obvious that  Vygotsky’s (1978) not ion of the zone of proximal
development  under lies th is view about  the opt imum na ture of the
in tervent ions to suppor t  const ruct ive lea rn ing processes.

In line with this evolving concept  of computer-based learning (see
a lso Brown, 1990), there is a  clear  sh ift  toward suppor t ive systems
tha t  a re less st ructured and less direct ive, tha t  a re more focusing on
coaching than  on  tu tor ing, tha t  involve student -cont rolled tools for
the acquisit ion of knowledge, and that  a t tempt  to integrate both, tools
and coaching st ra tegies, in  collabora t ive learn ing environments (see
a lso Ka pu t , 1992). In  t h ose en vir on m en t s  t h e New In for m a t ion
Technology is not  anymore just  an  add-on , bu t  is embedded in  the
sense as expressed in  the previous sect ion . Fur thermore, they a im
a t  t he elicit a t ion  of const ruct ive acqu isit ion  processes, and make
a m ple u se of st u den t  in t er a ct ion  a n d cooper a t ive lea r n in g (for  a
discussion of recent  research on coopera t ive learning with  computers
see Mevarech  & Light , 1992). Development  work and invest iga t ions
rela t ing to such  environmen t s, ba sed on  the ava ilable knowledge
accumula ted in  the domain  of research  on  lea rn ing and inst ruct ion ,
ca n  con t r ibu t e t o r ea lize gr a du a lly t h e a spir a t ion s expr essed by
Kolodner  (1991) in  her  editor ia l sta tement  in  the fir st  issue of The
J ournal of the Learning S ciences:

“But  ra ther  than  t rying to use computers to solve a ll of educa t ion’s
p r oblem s, we  n eed  con cr e t e  gu id e lin es  a bou t  wh a t  k in d s  of
educa t iona l environments a re effect ive in  what  kinds of situa t ions,
and based on  those gu idelines, we need to develop more innova t ive
ways to use computers.” (p. 2)

In  t h e n ext  sect ion  a  r epr esen t a t ive exa m ple of a  power fu l
computer-based lea rn ing environment  will be presen ted.

4.  Com pu te r-Su pporte d In te n tion al Le arn in g
En viron m e n ts  (CSILE)

E m beddin g com pu t er s  in  power fu l lea r n in g en vir on m en t s
involves t ha t  t hey a r e applied t o pu r sue and ach ieve wor thwh ile
educat ional object ives. Research on learning and inst ruct ion over  the
past  t en  to fifteen  years has cont r ibu ted to reth inking the object ives
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of schooling. As a  resu lt  more emphasis is pu t  today in  the cognit ive
dom a in  on  u n der st a n din g, pr oblem -solvin g sk ills, m et a cogn it ive
st r a t egies, a nd lea rn ing t o lea rn  a s opposed t o t he a cqu isit ion  of
memor ized knowledge and low-level procedura l skills. The CSILE
project  focuses on  foster ing those h igher-order  cognit ive act ivit ies in
students, especia lly lea rn ing to lea rn . Indeed, the term in ten tional
learn ing refers to cognit ive processes tha t  have lea rn ing as a  goa l
(Bereiter  & Scardamalia , 1989). The expression “computer-supported
in t en t iona l lea rn ing environmen t s” is u sed by Sca rdama lia  et  a l.
(1989) as a  genera l t erm defined as follows:

“…environmen t s tha t  fost er  r a ther  t han  presuppose the abilit y of
students to exer t  cont rol over  their  own learn ing.” (p. 52)

The acronym CSILE refers then to part icular  environment  which
the au thors have developed.

Ba ck grou n d  of CS ILE: P roced u ra l  fa ci l i t a t ion  of w r i t in g

CSILE has grown out  of research  by Scardamalia , Bereiter  and
their  co-workers in  the mid-1980s on  the lea rn ing and teach ing of
wr it in g. A s t a r t in g poin t  of t h eir  wor k  wer e fin d in gs  sh owin g
impor tan t  differences between  exper t  wr iters and novices. Children
who are novices usua lly sta r t  wr it ing immedia tely down what  they
kn ow a bou t  a n  a ss ign ed t opic (kn owledge-t ellin g a ppr oa ch ). In
con t r a st  sk illed wr it er s in vest  m u ch  m or e t im e in  pla n n in g a n d
revising their  t ext ; as a  consequence, they engage in  a  knowledge-
t r ansforming process, involving goa l set t ing and problem solving
besides genera t ing of the text  as such .

On the basis of a  deta iled ana lysis of the wr it ing act ivit ies of
exper t s Sca rdama lia , Bereit er, and St einbach  (1984) developed a
procedure, called procedural facilitation, aiming at  foster ing students’
metacognit ive act ivit ies dur ing wr it ing. The procedure consist s in
providing computer  suppor t  in  t he form of plann ing and r evising
prompts presented as open sentences (e.g., “A bet ter  a rgument  would
be…”) to gu ide the wr it ing process. This is in  line with  the basic idea
put  forward in  the preceding sect ion , tha t  the computer  environment
shou ld presen t  t ools t ha t  st imu la t e studen t s t o exploit  t heir  own



PENSAMIENTO EDUCATIVO. Vol. 15 - 1994 Er ik De Cor te

136

cogn it ive pot en t ia l. In  Vygot skia n  (1978) t er m s on e ca n  say t h a t
pr ocedu r a l fa cilit a t ion  a ct s  a s a  sca ffold in  t h e lea r n er ’s zon e of
proximal development  which  will progressively be t ransformed in to
actua l development  th rough  in terna liza t ion  of the procedure; as a
consequence students become more and more au tonomous and can
take responsibility for  their  own learn ing. Scardamalia  et  a l. (1984)
have shown tha t  the applica t ion  of procedura l facilit a t ion  has a  fa -
vor a ble im pa ct  on  ch ildr en ’s pla n fu ln ess a n d r eflect ivit y du r in g
wr it ing and on  the qua lity of their  t exts.

Design  p r in cip les a n d  a r ch i t ect u re of CS ILE

On the basis of th is in it ia l work Scardamalia  & Bereiter  (1991;
1992) have expanded and elaborated their  system into a more general
computer-based lea rn ing environment , tha t  does not  focus on  a  par-
t icu la r  su bject  bu t  a im s a t  pen et r a t in g a n d a ffect in g t h e wh ole
curr iculum. Technically speaking, CSILE is a  networked hypermedia
system a llowing students to const ruct  their  own, common da tabase
consist ing of text  and graphica l mater ia l; a ll students have access to
the database, and they can comment  on each others notes. This la t ter
basic fea ture of the system a ims a t  inducing collabora t ive knowledge
const ruct ion  in  the classroom. The following seven  design  pr inciples
under lying the la test  version  of CSILE in tend precisely to facilit a te
t h e developm en t  of su ch  a  kn owledge-bu ildin g com m u n it y (see
Scardamalia  & Bereiter, 1992 for  a  more deta iled discussion).

1.  Object ifica t ion : t h e syst em  sh ou ld h elp lea r n er s t o t r ea t
knowledge as an  object  tha t  can  be discussed, cr it icized, changed,
rela ted to other  knowledge,…

2.  Progress: const ruct ing knowledge with in  the system should
yield percept ible progress for  the lea rners.

3 .  Syn t h es is : t h e sys t em  sh ou ld  s t im u la t e  a n d  fa cilit a t e
knowledge in tegra t ion  as well as h igher-order  represen ta t ions.

4.  Consequence: the system should ensure tha t  each  leaner  gets
informed about  the ou tcomes of h is cont r ibu t ions (e.g., use of one’s
ideas, comments on  one’s notes).
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5.   Contr ibut ion: the system should help learners to see how they
cont r ibu te to the progress of the group’s knowledge.

6.  Cross-fer t iliza t ion : the system should maximize chances to
discover  in terest ing and usefu l rela ted in format ion .

7.  Socia lit y: t h e syst em  sh ou ld be em bedded in  a n d h elp t o
in tegra te the in tellectua l and socia l life of the classroom.

An arch itecture for  CSILE is developed to suppor t  these design
pr inciples in  view of the facilit a t ion  of the conscious, collabora t ive
const ruct ion  of sha red knowledge in  the classroom. The five main
com pon en t s  of t h is  k n owledge-bu ild in g a r ch it ect u r e  a r e : t h e
community da tabase, knowledge-bu ilding environments, themat ic
spaces, tools and procedural facilita t ions, and background operat ions.
Space rest r ict ions do not  a llow to elabora te a ll these components in
som e det a il. Th er efor e, on ly a  few m a jor  poin t s  will be br iefly
discussed (see aga in  Sca rdamalia  & Bereit er, 1992, for  addit iona l
informat ion).

The community database involves all the knowledge in the system
in the form of user-generated notes. A major  character ist ic of the new
version of CSILE concerns the differentiation of the database along two
dimensions: 1) knowledge-building environments represent ing and
foster ing different  knowledge opera t ions (e.g., the EXPLANATION
environment  support ing the search for  coherent  explanat ions of some
facts and the test ing of the explanatory power of the hypotheses; the
H OW-IT-WORKS en vir on m en t  t o iden t ify a n d wor k  ou t  ca u sa l
mechanisms; the MEANING environment  support ing the extract ion
of domain vocabulary from students’ notes and the construct ion of a
network of terms in a thematic space); 2) thematic spaces representing
different topics and substantive domains involved in the database (e.g.,
fossil fuels, smoking and health, developments in Eastern and Central
Europe). Both  dimensions –knowledge-building environments and
thematic spaces– should be considered as intersect ing; for  instance,
working in  the “smoking and health” space students may want  to find
out why smoking causes oftentimes coughing, and therefore, move from
the undifferen t ia ted HOME environment  to the HOW-IT-WORKS
environment .
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P r ocedu r a l fa cilit a t ion , developed or igin a lly wit h  r espect  t o
su ppor t in g s t u den t s ’ wr it in g p r ocesses  a s  descr ibed  a bove, is
select ively used in  the la t est  CSILE-version , namely to st imula te
learners to come up with  more in terest ing notes than  they produce
spontaneously (e.g. “My hypothesis is different  from yours. I think…”),
and to suppor t  students in  th inking more thoroughly and effect ively
abou t  t he con t en t  of t heir  own  not es. Background opera t ions a r e
a u t om a t ica lly execu t ed wit h ou t  in t er ven t ion  of t h e lea r n er ; on e
impor t an t  example is providing studen t s with  in forma t ion  abou t
rela ted notes of in terest  on  the basis of an  automat ic screening of the
da tabase. Fina lly, I ment ion  tha t  it  is a lso the in ten t ion  to crea te the
possibility of impor t ing in  the system reference mater ia l from other
media  such  as video, microwor lds, CD-ROM, etc.

In i t ia l  r esea r ch  resu l t s

While the la test  version  of CSILE is st ill under  development ,
some promising resu lt s have a lready been  obta ined with  the in it ia l
version  of the system. Working with  students of grades five and six
in  a  fir st  school t ry ou t , Scardamalia  et  a l. (1989) observed tha t :

“Studen t s used the system to elabora te models and hypotheses, to
delve in t o difficu lt  t ext s, t o seek  deeper  levels  of expla n a t ion , t o
elabora te confusions, and genera lly to engage in  processes thought  to
be beyond their  years.” (p. 65)

A more systemat ic study in  two grade 5-6 classes (Scardamalia
& Bereiter, 1991) showed tha t  ch ildren  in  the CSILE-environment
ca n  gen er a t e  edu ca t ion a lly p r odu ct ive or  k n owledge-bu ild in g
quest ions, i.e. va luable quest ions to guide fur ther  learn ing on  a  topic
beca u se t h eir  in ves t iga t ion  in volves  t h e pot en t ia l t o a dva n ce
substan t ia lly one’s knowledge and understanding. Being able to ask
th is kind of quest ions –as opposed to pure text -based quest ions– is
considered as an  indica t ion  tha t  ch ildren  can  take cont rol over  and
r espon sibilit y for  t h eir  own  lea r n in g. Wit h  r espect  t o t wo t opics
which  differed in  terms of the amount  of ch ildren’s pr ior  knowledge
–endangered species and fossil fuels– a  sign ifican t  number  (46%) of
knowledge-building quest ions were genera ted (e.g. When an  an imal
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is endangered, how does it  make a  comeback? Does fossil fuel a ffect
the ozone layer?).

The same study a lso demonst ra ted how coopera t ive knowledge
const ruct ion  is suppor ted in  the CSILE environment . In  th is respect ,
CSILE allows for  another  form of cooperat ion than face-to-face (small)
group work, namely coopera t ion  th rough  comment ing on  or  using
informat ion  from notes of other  learners. For  instance, a  student  can
ask a  quest ion  rela t ing to a  note of another  pupil, refer  to addit iona l
da t a  sou r ces, expr ess  a  cr it ica l com m en t , et c. Obser va t ion s a r e
r epor t ed wh ich  in dica t e t h a t  even  wea ker  st u den t s ca n  pr odu ce
relevant  quest ions and helpfu l comments leading to more thorough
examina t ion , and, consequent ly, deeper  understanding of the topic
u n der  s t u dy. Ot h er  da t a  illu st r a t e h ow st u den t s  colla bor a t ively
elabora te a  topic (e.g., fossil fuels) by producing a  network of char t s
showing the different  uses of fuels in  the kitchen. The result  involves,
for  example, a  char t  r ela t ing to wrapped food accompanied by the
following comment : “The wrapping on  th is bowl of ch ili is made of
plast ic. Plast ic comes from petroleum. Plast ic causes a  lot  of pollut ion.
Wa x pa per  is  m u ch  bet t er  for  t h e en vir on m en t .” (Sca r da m a lia  &
Bereiter, 1991, p. 65).

Simila r  promising resu lt s have been  obta ined in  other  project s
that  a im at  rest ructur ing whole classroom environments on the basis
of the same under lying concept ion  of lea rn ing as a  const ruct ive and
dist r ibu ted act ivity (see e.g., De Cor te et  a l. 1992). A major  rela ted
project  is the work of Brown, Campione, and their  colleagues (Brown,
As h , Ru t h er for d , N a k a ga wa , Gor d on , & Ca m p ion e, in  p r es s ;
Campione, Brown, & J ay, 1992). Integrat ion of the technology in  those
environments is not  on ly a t tended with  an  a ltera t ion  in  the posit ion
a n d t h e con t r ibu t ion  of t h e lea r n er, bu t  a lso wit h  fu n da m en t a l
changes in  the role of the teacher. Instead of being the on ly source of
in for m a t ion  a n d h a vin g fu ll con t r ol over  t h e t ea ch in g-lea r n in g
process, the teacher  becomes a  “pr ivileged” member  of the knowledge-
bu ild in g com m u n it y, wh o cr ea t es  a n  in t ellect u a lly s t im u la t in g
clim a t e in  t h e cla ssr oom , m odels  lea r n in g a n d pr oblem -solvin g
act ivit ies, a sks provoking quest ions, provides suppor t  t o studen t s
through coaching and scaffolding, and fosters students’ cont rol over
and responsibility for  their  own lea rn ing (see a lso Scardamalia  &
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Bereiter, 1991). This does not  a t  a ll exclude the use of direct  teaching,
but  it  occurs ra ther  –as expressed by Campione et  a l. (1992)– on  a
“need to know” basis.

5.  Th e  Ge om e tric  Su ppose rs: A tool for le arn in g  an d
proble m  so lv in g  in  m ath e m atics

Th e com p u t a t ion a l  com p on en t  of CS I LE  is  a  d om a in -
independent  hypermedia  system tha t  can  be used as an  educa t iona l
medium th roughou t  t he cu r r icu lum. Bu t , t here is a lso a  need for
dom ain-specific tools for  learn ing and problem solving around which
powerful inst ruct ional environments can be built  guided by the same
basic pr inciples and gu idelines. While t here have so fa r  not  been
many effor t s in  tha t  direct ion , a  number  of examples have emerged
since the la te 1980s. A good example of such  a  tool a re the Geom etric
S upposers developed by Schwar tz and Yerusha lmy (1985, 1987).

The Geometr ic Supposers are a  ser ies of computer  programs that
crea te a  powerfu l lea rn ing environment  in  which  students become
act ive lea rners and explorers of Euclidean  geomet ry gu ided by their
teacher. The under lying ideas a re tha t  students can  make their  own
mathematics, and that  formulat ing and test ing conjectures const itute
the main  act ivit ies of doing mathemat ics. The Supposers elicit  and
fa cil i t a t e  s u ch  a ct ivit ies  by offe r in g a  t ool  for  con s t r u ct in g,
manipula t ing and explor ing geomet r ic shapes.

The menu-dr iven programs a llow students to choose a  pr imit ive
shape (e.g., a  t r iangle) on  which  they can  easily make const ruct ions
(e.g., a  m edia n ) by givin g t h e n ecessa r y specifica t ion s in  for m a l
geomet r ic language (e.g., the ver tex from which  the median  should
be drawn). The program also a llows easy measurements of a  drawing
as well as their  recording. An impor tan t  aspect  of the Supposers is
the “Repea t” opt ion : the program captures the const ruct ions car r ied
ou t  on  a  shape as procedures, tha t  can  be repea ted a ft erwards on
ot h er  s im ila r  figu r es. Th e im por t a n ce of t h is  opt ion , a pa r t  fr om
freeing the lea rner  from the burden  of making the drawings, can  be
illust ra ted by the following example (see Yerusha lmy Chazan , 1990,
p. 205). After  observing that  the three medians in a  part icular  t r iangle
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in tersect  in  one poin t , the lea rner  can  easily ver ify whether  th is is a
typica l character ist ic of th is t r iangle, or  whether  it  holds for  some or
for  a ll t r iangles. Sta ted in  more genera l t erms a  basic fea ture of the
Supposers is tha t  they make it  easily possible to explore the effect s
of one’s const ruct ion  across a  set  of equiva len t  figures, and, thereby,
to t est  con jectu res and hypotheses abou t  geomet r ic shapes on  the
ba s is  of la r ge  a m ou n t s  of visu a l in for m a t ion , a n d  t o look  for
invar ian ts in  geomet r ic const ruct ions. Cabri Géom étrie, a  program
developed in  Grenoble, France (Baulac, Bellemain , & Laborde, 1988),
offers the same possibilit ies, a lthough implemented in  a  somewhat
differen t  way. The major  difference with  the Supposers is tha t  Cabr i
does n ot  h a ve t h e “r epea t ” opt ion ; bu t  t h is  a llows a lso t h e ea sy
modifica t ion  of shapes by moving act ions on  cer ta in  par t s of a  figu-
re. For  example, the shape of a  t r iangle can  be changed by dragging
a  ver tex; a ll the other  par t s (the other  ver texes, the sides, bu t  a lso
t h e m edia n s…) will m ove s im u lt a n eou sly a n d be in  t h e cor r ect
posit ion  in  the new t r iangle.

Sever a l s t u dies  (see e.g., Yer u sh a lm y, 1991; Yer u sh a lm y &
Chazan , 1990) have a lready shown tha t , when  used as in tended, the
Supposers crea te indeed a  new and powerfu l lea rn ing environment :
t r a dit ion a l geom et r y lesson s in  wh ich  st u den t s a bsor b pa ssively
definit ions, proposit ions, and theorems developed by other  people are
t ransformed in to act ive and collaborat ive explora t ions of geometr ica l
s h a p es  r es u lt in g in  s t a t in g, t es t in g, a n d  p r ovin g on e’s  own
conjectures. In  line with  a  basic idea  under lying th is presen ta t ion ,
t h is a ct ivit y of t he lea rner s is gu ided by t he t ea cher. Indeed, t he
Supposers do not  stand a lone , bu t  a re

“par t  of an  approach  to teaching geomet ry tha t  is used by teachers
as they see fit  and tha t  includes problems and project s for  students.
The student ’s work with  the software is a  par t  of the course, not  the
whole. Therefore, as impor tan t  or  even  more impor tan t  than  the soft -
wa r e it self is  h ow it s  u se is  in t egr a t ed in t o t h e cou r se a n d h ow
t ea ch er s  m a k e u se  of t h e  ca pa bilit ies  t h e  soft wa r e  p r ovides”.
(Yerusha lmy & Chazan , 1990, p. 206)

The appropr ia t e embedded use of t he Supposer s pr esumes a
radical shift  in  teachers and students concept ion of mathematics from
something tha t  learners encounter  and observe to something they do
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and invent  (Kaput , 1992). Moreover, it  is qu ite demanding for  both
teachers and students, requir ing substan t ia l t eacher  planning and
cont inuous effor t  from the former  and a ssuming to a  la rge degree
r e s p on s ib i l i t y  for  t h e i r  own  lea r n in g fr om  t h e  la t t e r. Th e
inst ruct iona l approach  used by Yerusha lmy and their  colleagues is
a  form of so-ca lled inqu iry t each ing, involving tha t  t eacher s cr ea t e
and provide rea l and st imula t ing problems which  evoke explora tory
act ivit ies and inquiry exper iences in  students working often  in  pa irs
(Yerushalmy, Chazan, & Gordon, 1990). Sta t ing such  problems is not
an  ea sy t a sk, because they shou ld a t  t he same t ime be su fficien t ly
clea r  for  studen t s and leave room for  explora t ion  and crea t ivity. In
other  words, and in  line with  t he concept ion  of computer-suppor ted
powerfu l lea rn ing environments ou t lined ear lier  (see sect ion  3), in
posing problems and also in  guiding students explorat ions one should
find the r igh t  ba lance between  systemat ic inst ruct ion  and discovery
learn ing.

The invest igat ions referred to above as well as other  studies have
a lso sh own  t h a t  t h e  Su pposer s -su ppor t ed  geom et r y lea r n in g
en vir on m en t s  yield  pr om is in g lea r n in g ou t com es  in  secon da r y
sch ool s t u den t s. For  exa m ple, a t  t h e en d of a  on e-yea r  t ea ch in g
exper im en t  Yer u sh a lm y (1991) fou n d t h a t  46 eigh t  gr a der s wh o
worked with  the Supposer s ou tper formed a  compar ison  group of 99
students on  a  test  measur ing knowledge of basic geometr ic concepts.
Th e com pa r ison  gr ou p wa s t a u gh t  t h e sa m e con cept s a n d t opics
du r in g t h e sa m e a m ou n t  of t im e, bu t  in  t h e con ven t ion a l way. A
m a in  differ en ce bet ween  bot h  gr ou ps wa s t h a t  t h e exper im en t a l
group did not  exh ibit  some of t he fr equen t ly observed, per sist en t
m iscon cept ion s  su ch  a s  h a vin g a  s t er eot yped  im a ge of cer t a in
geomet r ica l concept s and shapes. In  another  study Yerusha lmy &
Chazan (1990) demonst ra ted tha t  working with  the Supposer  fosters
high-school students’ visual flexibility; indeed, they seem to overcome
more easily frequent ly occur r ing visua l obstacles in  in terpret ing fi-
gures and diagrams such  as the par t icu la r ity of diagrams and the
inability to perceive a  diagram in  differen t  ways. An impor tan t  last
finding to be ment ioned was repor ted by Kaput  (in  press): Supposer
exper ience in fluences substan t ia lly students’ beliefs and a t t itudes
about  mathemat ics.
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In  summary, the Supposers –and Cabri Géom étrie as well– a re
excellen t , bu t  s t ill t oo r a r e exa m ples  of wh a t  Ka pu t  (1992) h a s
recent ly called “implementing technology toward reformed object ives”
(p. 548). These programs are very much in  accordance with  a  number
of gu idelines for  t he design  of good compu ter-suppor t ed lea rn ing
en vir on m en t s  d iscu ssed  a bove: t h ey s t im u la t e a ct ive lea r n in g
or ien ted toward h igher-order  cognit ive skills in  a  collabora t ive and
teacher-gu ided con text , and they exploit  opt ima lly the computer s
interact ive potent ia l as well as its capacity to present  and manipulate
graphic and symbolic in format ion .

6.  Su m m ary, con clu s ion s , an d pe rspe ctive s

Neither  t radit ional computer-assisted inst ruct ion nor  intelligent
tutor ing systems have been able to fulfil the in it ia l h igh expecta t ions,
tha t  rose in  the ear ly 1980s with  regard to the potent ia l of computers
to improve substant ia lly the quality and the outcomes of learning and
inst ruct ions. A cr it ica l examina t ion  of those preva iling educa t iona l
computer  applica t ions, based on  the findings of media  research  and
on our  presen t  understanding of the na ture of product ive lea rn ing
pr ocesses, h a s  sh own  t h a t  t h is  is  n ot  a t  a ll su r pr is in g. In deed,
under lying many current  educat ional uses of computers –albeit  often
im p lici t ly–  is  t h e  wr on g a s s u m p t ion  t h a t  com p u t er s  wil l  by
themselves elicit  “good” lea rn ing, as well as a  concept ion  of lea rn ing
a s a  r a t h er  pa ssive a n d h igh ly in dividu a l pr ocess  of kn owledge
a bsor pt ion  a n d a ccu m u la t ion . Th is  is  in  con t r a s t  wit h  t h e n ew
concept ions about  the product ive educat ional use of computers that
has evolved over the past  years: computers should be better  integrated
in  t h e cu r r icu lu m  a n d em bedded in  power fu l r ea ch in g-lea r n in g
environments as tools that  elicit  and support  in students, in interaction
a n d  colla bor a t ion  wit h  t h e t ea ch er, fe llow-lea r n er s  a n d  ot h er
inst ruct iona l media , act ive processes of knowledge acquisit ion  and
meaning const ruct ion . CSILE, a  domain-independen t  hypermedia
sys t em  u sa ble t h r ou gh ou t  t h e cu r r icu lu m , a n d  t h e Geom et r ic
Supposers, a  ser ies of domain-specific tools for  geomet ry lea rn ing,
have been  discussed as examples of good inst ruct iona l software tha t
a re in  line with  th is new view of product ive educa t iona l comput ing.
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Other  illust ra t ions can  be found in  the recent  lit era ture. In  our
own work, for  instance, we are developing a  new Logo-based learning
en vir on m en t . In  con t r a s t  t o t h e or igin a l d iscover y a ppr oa ch  t o
lea r n in g Logo, it  h a s bu ilt -in  t ools su ppor t in g t h e a cqu isit ion  of
p la n n in g a n d  debu ggin g sk ills  a n d  con t a in s  a  com pu t er  coa ch
pr ovidin g com m en t s a n d or ien t in g h elp ba sed on  a n  a n a lysis  of
pupils’ act ivit ies. Never theless the students remain  in  cont rol and
t a k e r espon s ibilit y for  t h eir  own  lea r n in g; in deed , u se  of t h e
suppor t ing tools and of the coach’s gu idance is opt iona l and can  a lso
be gradua lly removed. Notwithstanding the ava ilability of a  lot  of
built -in  help, the system is in tended to opera te in  a  teacher-media ted
environment ; u t ilizing the tools and the coach gives the teacher  more
opportunity for  guidance and intervent ions focusing on the elicita t ion
of problem solving and reflect ive act ivit ies in  studen t s (De Cor te,
Verschaffel, Schrooten , Olivie, & Vansina , in  press).

Th ose exa m ples  a n d pr ot ot ypes  of soft wa r e pr ogr a m s t h a t
embody the more recent  ideas of good educa t iona l comput ing set  a t
the same t ime the t rend for  fu ture inquiry and development  a t  the
in tersect ion  of a r t ificia l in telligence, cognit ive science, educa t iona l
technology, and research  on  learn ing and inst ruct ion . Indeed, we a re
only a t  the beginning of what  may become a  new era  in  educa t iona l
comput ing, and the fur ther  elaborat ion and test ing of research-based
pr inciples for  the design  of power fu l computer-suppor ted lea rn ing
environments is a  challenging,  joint  task for  scholars in  the fields just
m en t ion ed a n d in t er es t ed exper t -pr a ct it ion er s. Bu t  t h er e is, in
addit ion , a lso a  st rong need for  cont inued theory-or iented research
a iming a t  a  bet ter  understanding and fine-gra ined ana lysis of the
con s t r u ct ive lea r n in g pr ocesses  t h a t  t h is  n ew t ype of lea r n in g
environments evoke in students, of the precise nature of the knowledge,
skills, at t itudes and beliefs they acquire, and for the crit ical dimensions
(e.g. , the balance between discovery and explorat ion, on the one hand,
and guidance and mediat ion, on the other) that  can account  for  the
power  and efficacy of these environments.

Finally, it  is obvious that  the changed view of learning supported
by in for m a t ics  h a s  im plica t ion s  for  t h e policy wit h  r espect  t o
educa t iona l comput ing. Without  t rying to be exhaust ive, a  fir st  issue
rela tes to a  possible re-a lloca t ion  of the resources for  research  and
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development  in  order  to st imula te projects a long the lines suggested
above. A specific recommendation in this regard is to promote socalled
design  exper iments (Collins, 1992, see a lso Brown, in  press) in  which
researchers, in  narrow collaborat ion with pract it ioners, construct  and
eva lua te innova t ive t each ing-lea rn ing environmen t s,  and, a t  t he
sa m e t im e, u se t h ese en vir on m en t s a s  a  “wor k-ben ch ” for  doin g
t h eor y-or ien t ed r esea r ch . A secon d im por t a n t  issu e con cer n s t h e
reconsidera t ion  of pre-service and the in-service t ra in ing of teachers
with  respect  to the inst ruct iona l use of computers. Teachers should
n ot  on ly becom e a cqu a in t ed  wit h  t h e ch a n gin g con cep t ion s  of
educat ional computing, but  they should a lso be act ively t ra ined in  the
applica t ion  of new software tools and programs in  their  t eaching. A
specific r ecom m en da t ion  in  t h is  con n ect ion  is  t o in cor por a t e in
teacher  t ra in ing programs classrooms where design exper iments are
conducted, a s prototypica l con text s for  lea rn ing th rough  modeling
and as star t ing points for  fur ther  implementa t ion and disseminat ion
of powerfu l computer-suppor ted lea rn ing environments.
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