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abstract: Teachers wing CSILE, a petworked hypermedia system wath a siadeni-construcied
communal datahase, evolved two distiner mode s of vse, an Independent Besearch mide] and
g Collaborative Knowledge-Building model. The Collaborative model showed superior goins
n knowledge quality, the Independent medel, superior paing in vocahulary, Regression ana-
pses showed different patterns of relanonship between process varahles and owcomes,
gonsistend with the bypothesized models. Albough both models appear viable, the Know-
kedpe-Building model miakes fuller uses of thee petential of new knowledpe media
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Inteoduction

Ever sinces ihe earliesi days of cducatbonal computing, there have heen sugpeations thal eom-
puters might lead o a fundamemtally different kind of education saber than incrememtal
improvements o education as we alnzady know it [2], Probably evervone would agree that
the changes, if any, hrought about by the inroduction of microcompulers into schools have
been superficial [1. 3). There is sk plsciam, marcover, aboul even the mare mdical of expen-
Bental uses of computers in educaton. A vanety of experimental work (including that of the
Mesenl authors) was reporbed i a symposiem at the 19900 meeting of the Ametcan Fduca-
Sonal Research Assoclation, Litled “Techmmlopy amd Bestructumng: Creating a Congext for
Leaming and Evaluation.” The discussant, educational historian Larry Cuban, dismissed
these efforts ns merely another atlempt o revive Progressive Education.
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{ine reason that claims abowl fundamental change may fail 1o get seross is tha EXperi.
meemlal innoeations tend o be contrasted withoa slerendype of eonventional didactic Practice
that is already rejecied by the great majority of educators. It is therefore casy 10 assimilage
the propossd mew vision o the Familiar "rew” vision represented by Progressive Education
and s many descendants. This is pamicularly true of thos inndgvations that involve g gond
deal of student subornmy and inieraction. They break the patiem of the teachey standing in
From of the rsom and lecturing or drilling the students, bt they di o in ways that readily
evoke familiar notens of child-ceneredness, inguiry kaming, open education, and the like.

It is impossibbe, in shom, 0 pet much canceplual mileage oul of comrasts bepwesn an
idealized high-tech kearmer-centered classroem and a cancatueed no-wech weacher-centereg
clasgoom. More refined conirists are neceasary, ol only 10 communicoie what is distinctive
ahowt new approaches but also w o clanly goals and wdentify problems. Inothis chapier we
present & natorally occoming contrast between the ways two highly compeient teachers use
the samc compuser-tiased learming environment, Besides describing the 1wo approaches, we
will present process dala showing differences in how students in e two conditions used the
technology, differences in leaming outcomses, and -perhaps most interesting - differences in

the relatianships hetween process vamables amd learming sulcomes,

Background
The two prade 5-6 weachers whose classes provided the data for this comparison wene boih in
their fourth year of wsang CSILE {Computer-Supported Imentional Leaming Environments)
in their elementary school classsovms. We will not deseribe CSILE in detail here, sinee hat
has heen dose elsewhens [T, 9]. Fri-tl'l}-. CSILE 1% a hypermedia sysiem buili around a -
dens-penerated datshase, The wodk sisdents do in warious scademic subjects is enered s
el of graphical mates anio a comman datsbase, where all users may have acoess oo it and
comment on il By the tme of the present siudy, both wachers were wsing CSILE exiensive-
Iy in all pars of the cumiculum except mathematics. (Mathematics applications are curnemly
heing weaied ) The CSILE installation in wse during the period of this stady consisted of &
Macimiosh 1lx misrocompaiers in each classroom, all 16 computers being linked w a 1Tth
Macistosh llx. which acted as a file server, In principle, stadents could hawe 90 mimubss
each per day on CRILE, although the intrusion of other activities resulied in actual use being
about 30 mirutes per day. A fuller picture of how CSILE funclions will emerge Trom laser
description of the two approaches 10 using it,

x|

The kimd of fundamental change in education that we have taken as a loag-ieem goal of
CSILE is the restruciuring of classrooms into knowledge-bailding communities [E]. In ondi-
pary clussrooms, whether they follow a dinect msinuction or an open education model, the
focus 15 on lasks and activities. With CSILE. we hope w move knowledge to the cender of
jhe stape rather than keaving it in the hackgroand. The stadent-gererated communal database
serves 1o objectify the accumulating knowledge of the classroom group, By restruciuring
sohool ctivities so that they locus on that accumulating body of knowledpe rather than on
subsidiary insks, we woull hope fir students to becomse mione responsible agents in the
knowledpe-huilding process [6].

We dil mor prescribe 3 cumiculam of a regimen loe wang CSTLE, Instead, we lefi the
garmiculum o the wachers and worked with them to find ways to use CRILE o sdvance their
curnicalum ohpeclives. Mot surprisingly, this meant that initially CSILE was vsed mainly as
p mediom for sclivities muech like those the eachers had wsed i the pase COheer lime, e
teachers began w modify iheir curmicula so 6 w ke Daller advanage of CRILE capahilities.
Trere wisie naticeabde irends wowand longer anits that went more decply into subjoct maner
and toward differenated acuvities rather than ones thae had all swdents doing the same
thing. Al the same Gime, however, cach iwacher was evolving his oown distinctive approach io

sinecidring sudent activity i the CSILE environmeni,
Two models of CSILE wvse with grade 5-6 students

The vasr models b be discussed were ahstracted by us from observations of CSILE s and
the CSILE notes produced by stuwdents in the two experimental classrooms. The two models
may be hrefly characierized as follows;

I The independent research model Swdents work as relatively independent researchers
rising their own guestions, seeking answers o them, and reporting what they have
Tearmedd.

1 Ihe collaborstive knowledge-building model. Students jointy plan investigations, assips

subtopics of ks, and comment constructively on one anather’s contribations,

The indepensdent research model
Mlongside the window in which ssudemis create text notes, CSILE 1.0 displays a set of
“thinking 1ype” icons. These icons, created by an estlicr generaton of CSILE stodenis, are
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inended 0 encoarage deliberate attention w knowledpe processes. Different ICOns repre
hagh- level quesiions, planning, poals, new kearning. and what | know, Befor SUWING a pg
i

in the commumal datahase, a studem can lahel s thinking type by selccting the ApprnE
My

ivon. (ither students may then rerieve byl poe throuph a search that inclsdes minking iy
= e
fow example, “Find motes shout explorers and of thinking type new beaming
In the Independent Research model, CSILE activities are struciured around the thinking

types. In a typecal unit, students bepin by producing what | know noles summarizng wh
R E!

they already knew ahour the topic, high-bevel questions, “High-lewel,” in this contexy
& s -

fers o gucstions that do nol amtomiatically pop o mdnd Rt chae come through think
ing

ahowt the fopic. These questions ane intended 1o guide: the generston of planning and grg
Evals

notes, which sel out the students’ inientions [oe pursuing the high-level guestions. As Wik

proceeds, stdents produce new learming notes. that fepresent in st or praphic form h
what

ey are Tinding oul Thesr mvestigalions may also Bove rise 0 new high-level gues
! : iy

THITCS,

Motes ol all thinking tipes po inwe the communal database and are available for all =y

Mg
s e read and comment on, Thus siudens Can comment on one another's guestions

wl I
poals. and plans. 0z well a5 on ihe more substantive mes. Keading and COmmenting on

vehers” noles is not an integral par of the Independent Research model, however
ti the: individual inatsatives of the stisdenis, -

and ix lefi

Whacstions penerated by stdenes play o central rale in this mule
guide planning aml research, We have done

I. since they are used 1o

veral studics examining the educational [ilen-

Pl o qiestions formulaed by CSILE students [6] Using ratings by teachers ans indepe
- . “-
denl jodges. it was shown that a sizahle

percentage of studeni- generaicd questions (46F

wnder the most favorshle conditions) were judged 1o have the podential 1o bead (o significamt

| vwar different kinds of gues-
mins -

- Wxl-based amd knowledpe- hased, Texi-hased questions ane most ofien prowfuces] when
ssdents have sccess 1 souree make

mlvarces in understanding. However, this rescarch iduntifed

mals and when they ask guestions that the lexts cam be

i . . ;
“n answer, Knowledge- hased questions anse from something the studeni wonders of
1= puEeded abaug -

CERmle

or persanally wants 10 know, Such guestions may, of course, be stmuolaicd
by mading, g they wers

Found 10 oveur most freguenl -
b quently when students were not pramed

mlormative maerial pul were simply azked to chink abaeur 2 Lapic

Tha: i = -
et ol the Individual Research model, betokensd By the high-level guestions icon,

v clegrly ' f
warly hat stuilenis should e asking knowledpe-based questions. The achvity sIfuciune,
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powener, is conducive 10 texl-hased guestions, Because susdents are expecied 10 seck ans
s 10 e questions they generate, there is an incentive to ask questions that they know can
pe found in the available reference material. In the worst case, this leads W questions that
appear W have heen produced by [Wming ©xt siastements or hesdings into questions; Tor
example, “How many babics does a prairic dog have cach year™ Usually, however. at Jeast
same questions by each student sugpest & desire to know or io explain: for example, “Why
do praine dogs live underpround ™ “Did Marco Polo have any medication™”

Although texi-hased questions ofien seem stilied and poorly motivated, they would ap-
pedr 1 have value in directing sudents” atention o the information obainable from Exs
pather than passively processing texl stasemems, & number of studies (see reviews - [5. 11])
gave shown gains in learming as 2 nowlt of waching students 0 ask text-based questions.
CRILE smodenis in the Independent Research model appear o have become proficient in
wing such questions without special traning. The wacher from whose classroom we absirac-
ied the Independemt Research model had not used siadent questions in leaching hefore
CSILE and was encouraged by the overall quality of the siwdens” work in comparison to
garlser years.

Although the Independent Besearch madel relies om CHILES wext, graphics, and stornge
wovil recrieval [actlives, the communal characier of the databass B nol ayaematically explod-
ted. Most of what goes on could be done o5 well with a son-networked system and each sbo-
dent having his or her individual database. Students in the Independent Rescarch model class
read only abowt TFE as many of ore another’s nofes as did stadents in the Collaborative
Epwledge-Building class and made caly about half as many comments. Reading and com-
menting neverbeleas went on. Since it was not a Tormal pas of che work. it ended 1o be
spontaneous and to reflect genuine student interests, The oulstanding instance was a st of

12 notes and comments. all provoked by & pew leaming aole of one student reportang thal
sponges have three ways of reproducing. Nowes deall with quesiions, speculations, and new
mformation about why this was so and, most interestingly, the rather deeper question of
why, if three ways of reproducing are good for sponges, other creatures do not hove thies

waye as well,

The collalwrative knsvw ledgebuildimg el
The examiple that ended the preceding secten suggests the kind of inininsically-mativated
jeani pursait of o knewdedpe goal that the Collaborative Rnowledpe-Bailding mode] is de-
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signed 10 foster and 1o make 3 common rathers than rare vocurmence. To this end, mych, e
kI

wer s is made af the inseracuve copabalities of CSILE s comiunal dotabase, Joipy Planniy
E.

ns
AP emphg.

R a sequengy af

bed b!l' il
principles that apply acrass all phass of siudents’ work on a it Thexe principles are

knowledpe sggregation, group planning, CONMPEraEivE s
commenting, Again we pend ol that the model is abstracted from observationg and ix g,
whealizatson. The principles ane ao necessanly femulae

sharing of Gadugs, and commenting aned making suggestions o other stsgde
sipod. Whensas the essence of the Individual Rescarch model s cmheidided |
activities, the Collaborative Knowledpe-Building model is bener fepresen

of explanations, g CO0DEraLive

d as such by the teacher hug gep

chserved W chamchesize the foem of activity that is encouraged in the Collnbsaljvye K .
ledpe-Huilding model.

Knorwledge sgpregation The sum of students’ knowledpe
thain that of any individual studens, In the Collahorative

rodm. il 1% emphazized that siudent shagld be Je

M an area B bound 10 be prage

Kmu-lﬂlg:'-ﬂulllling monbe]l ¢laxg

r
aming from what evervone in the class has
prodiced, nol just Froen their owes reseanch. To pur thas iden scmss in students, the

leac b g
has desipned an imprg

ductiry activity in which, &5 3 homewnik assignmenl, gach studend i
recpained by come e class with one imponant fact ahom perms. By (he
hawe been meponied

time ) such facis
and lisied, it becomes appasent o the swdents thal Ihey have acguired a
great dead af knowledge even though each studen) has hee
it

it respomsible for only sne dem of

Lsroup planning: Swdents i the Collaborntive Knowledge- Building model classroom pene-

rally work an wnits in groups of 4 w6 Fanning includes dividing up ks amd sobiopics.

Bocawse CSILE 10 permits graphic modes w be linked in o nwand-branching hiemnchies, it

% presible for proups 10 insegrate individual contribufions hy branching them downward

from @ ventral chart thyy serves Boah as & plan and a wnifier Fipuie | shows porisens af such

a I||.-||p_-hi||_g retwirk, [ Fegan wiils the greup chovsing the kitchen scens produced by one af
their number as ghe cenlerpiere ol a project on fossil Fueels, They then disiribased the sk ol
producing swhiharts showing the many ways in which fossil fisels are wsed in a kilchen. The

resulling. productson constitutes a hypermedia document conveying the aggregase of findings

from the swdens indavidual effores,
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Cooperative puarsult of explanntions: Mivake 4] has shoan with college students g,
: al,

r levels ol ex [ﬂimmm I
CSILE 2.0 we wall iry o provede envireaments spesifically 1o suppon this king of ———
iy

progress bowand devper cxplanation. In CSILE 1.0, hevaeyer, Jil-'iﬂr'hing and Commeng;
g

serve this purpose in a kess onganieed way_ In one instance, several siadents

when they work an pairs. onc iends e push the oitber owand devpu

became involveg
in trying w woske cul an caplanation of ghe diaphragm and {15 role in hil:-l'-‘uping, W"I-‘I'hg_
and laughing. By reading and commenting on one another's notes, the students eame i e
the imierrelatedness af these phenomena, and this led them 1o raise snd consider & doepes
Westion; Since the mechanisms of hicuping, sneczing, and laughing are similar, what e,
plains the differences bemween them® This question reflecis a ariving for coherence thyy &
wvital in seience [10] bat rare in children. 1o doabafil if 0 would have arisen withog! the
Conqerive n:lwii:,'

Cooperative commenting. When students sipn on 10 CSILE they are nolilied of and given
the chance o retrieve any new comments that have been made on any of their noles, O -
ments thus have high saliency, and this may explain why, even in the Independent Rescanch
model classroom where commenting i incidenial, 13% of the exl noes produced are com.
ments [The comesponding ligune for the Collabomative Knowledge-Buikling model ¢lass.
room is I1%.) Commenting is an expected pant of student work bn the Collabortve Know-
ledge-Builling model classroom, comments are monitaned by the wacher, and students arg
coached in ways 10 make their comments constroctive and helplul. As mentiomed previcusly,
stodents im the Collshormtive Knowledge Building model classpoom produced wice as many
commenis as these in the Independent Research model ¢lassmom,

Empirical analysis of differences between the two models

Quantitative differences in CSILE sctivities
Tracking Facilities in CSILE 1.0 make it possible @ compile information on studem use of
CBILE s various funcrisas These data allow s o investigale whether students in the Tnde-

peindent Research meivdel mnd Collaborslive F‘:mr'-'|=dl¢-|1uildm,g medel classrooms hehave

li ] : ]
-hI"I'Erl.-nll_'r In Ways consistent with the two models. Takle | provides frequency data fov 4

anely af aspscts of CSILE-pefawed uctivity. In ihis section we will examine dillerences 10

e = mon
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pean frequencies. I & bater section we will examine panems of corclation between these
jrequency variables and educational pulcomes.

(& Table | tracking variahles ane grouped imwo four calegorics that will be used laer i
pression analyses: Productivity, Exploring Work of Others, Collaborating. and Advanced
yaowtedge Processes. Significant differences were foond hetween model classrooms In
svery CAIEEOTY. With cne exception, dilferenees were all i the same dircction, reflecting an
eprall higher level of CSILE wse in the Collaborative Knowledge-Building mode] class-
e, The exception was in the length of ext notes, Although the two classes did not differ
gipnificantly in the number of text notes they produced, notes by shedenis in the lndependent

pesearch model class averaged almost A0% longer

Takk |
Mveand vl Franefurd Deviarions of Nelecard Trovkmg Vieenmbes
- Class
Independenl 1 linhorainve Signilicamor
Hescuch Maksl  Esowlealgs lewed fonr dil-
(22 Fluilding Mestel  fememse e
im=ZE) iwren weslels
M S0 L L1
Mrsluctivily
- weial oy ol Ean oges Al 1443 anu RS n
wtal numiber of grapls sy 150 fm 2747 1145 e Al
il mumber of howos i e graphics progesm 2024 v WAL 1340 p AN
averaje mamber of wonds wiillen in doul s 12033 3247 EAR] 1R p= M
Explormg the work of others
wching for mwotes by athers A Tk 665 2D n
fesling s willg® hy othoers DL ES T7. 1 15164 BlAE p= G
Uellaborating
LT TE 523 135 T Sar pe A1
< mreefage mumher of kevswonls fer nine [BE 1”7 1M 5 nec A
< nmmber il inecs 11K 124 mzl I4.ET p< AN
- number s lds o0 ciher sindenis’ choans Il T L1 2m p< .0l
Advingad knowledge provesses
» Hanking 1vpes M LT LT R p< 0l

The pesults shown in Tahle | ane conusienl with the overnll higher use of the nevwodking
Gpabilities of CSILE by the Collshorative Knowledge-Building maodel group, ils greater use
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of hnked graphics as a means of organizing cooperative work, and the gicater ':"“Pia.ul
the Imsclependieal Rescarch model classroom on infividimal documentation af lLﬁmlh!

Differences in educationsl efTects
Dum on educational effects were collected not oaly in the two CSILE classrooms byt '-hn
y comparison class in another school, 3l laught by & male tescher of similar &x

and with a student body fairly similar w that in the CSILE school, alihough they were j
&
suhurhan area of somewhat higher socko-cennambe datus,

Constructive effort and knowledge quality. Al the end of 3 sclence unil, writing sampies
{kandwniien by all proups) were produced in response o the promps; “What 1 have lcarned
from daing this onil.” Two raters, blind 10 condition, raied cach essay an 15 indices, whyjch
wens then collapsed inio v composite varinhles: Constroctive Effort and Knowledge i
ty. Analysis of variance showed highly significant diffierences between Eroaps on both varig.
bles. However, post hoc sests showed in each case that the vnly significant pairwise diffe.
rence wid between the Collaboraiive Knowledge-Building model class and the comtral. These
resulis must be viewed with casiion because the opss af the science ot varied and fhers
was 3 delay in administeation of the writing task W the Independent Rescarch model Clas,
which may have worked 1o the disadvantage of that class

Cuestion-asking. As noded previously, the ability 1o ask educationally productive Questions
plays an imporiand fole in CSILE. especially in the Independent Research model, To evalusie
this ahility, we asked students 1o wrise Questions on a iopic being studied. Befone study he-
Ean they wene sked 1o penerate questions ahout "What | wonder about (the topic)” At the
end of the wnit they were asked 10 wrile quesisons on "What | now wonder,” These questions
e rated on a seale ranging from asking about isolared facts (st the low end) 1o asking for
explanations (ul the high end). Analysis of variance again showed sipnificant proup differen-
ces, and post hoe comparisons showed the Callaborative Knowledpe-Building model class i

Pe significantly higher than both the Independent Research model and control classes in ken-

dency 1o sk questions of explanaiien,

S dized achievensent test scores. In Ocioher and apain in June, slodents compleed
the Lamguage subtests (Vocabulary, Reading, and Spelling) of aliernase forms of the Cana-

23

Jian Test of Basac Skills, a bateery similar o the Californka Test of Basic Skills. Analyais of
arignee showed significant group differences in gains, which wene largely accounted for by
e Independent Research mndel class gaining significantly more in Vocabulary than either

ol the other 1wo classes.

pelstions between tracking duts and educational sutcomes

T investignne the relationship betwoen how students uie CSILE and educational oucomes,
ot used siepwize mulliple repression pralyses, The independent variables or predictors used
in the analyses were composiles representing the fous classes of vafables hown in Table 1,
plet Initiad Seains, o compesite fomed Trom xge and average grade-level scores on the ma-
pematics and kanguage sections of the schievement pretest, Dependent variables investigated
were Constructive Activily, Knowledge Choality, and Language Achievement CGain, Inicial
Siapes was ctered inlo the swepwise analyses Orst, on the premises ihat it woald sccount for
sippificant varkance in any leaming cutcome and that this variance should be controdled be-
fore Ioaking for additional prediciive vanables. Separsie analyses were performed for the

e CSILE classmioms

Tabie 2
Begrrenon of dnitiad arans ead racbeg varaddes on bevadedipe ganlity

Regresias of 7 Predliciors oo kewlnlpe qualit
milepemicnd rescorch imle] ivdlaborative knowledge building

el
Varidbl; enlered R’ ini. g of B! inc sag. of

Sl . in
Irmiial Siewe (age, wath, binguage) 14 14 i i a5 i
Prsductivity 1 7 1] L iy ni
Eaploring woak for others KL (i na W Nk Y]
A% H} ng 31 W] im
alvanignl process i IS [ 52 R i,

hendl sgnificance of 7 predicions p= I pe= e

eee——

With respect b Language Achievemem Gain, Iniial Stabas was the only significant prediciors
N Either class, With respeet 10 Constructive Effort, there were no significant prediciors in
the Collabarative Knowledge-Building model elass, but in the Independent Research model
s Advanced Knowledpe Processes contribued significantly i prediction, With respect o
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Eonom dedge: Qluality, an smeresiing patlem emcigel As shown in Tahle 2, there was yig
naf.

cant prediction overall in bodh clagses, hug the sprilicant prodiciors wasng entinely Biffery
ne,

In the Independent Research classrosm the tao sigrifican predictors of Knowl Ouals
e Qg Iy

ol Thin.
kang Type icans). [n the Collaborative Knowledpe-Builling classroom the significang Eap
.

were Prodwctivity and Advanced Progesses (which was indexed by amount of ge

s were Exploding and Collabarating--the two measures of comimismal ACTvilY, Thege -
sults ane strikingly consisient with the obwrved natre of CSILE use in (he o Classes 1,
the Indepenident Ressirch clasrsom, whene studenis are penerally working on gheg, o
wversll productivity, as indicated by number of notes produced. predicrs leaming, ang “,E
mime interactive kinds of CSILE activities ane irrelevant Use of thinking:1ype markers iy
alsr a predictor, reflecting the cusricular emphasis on use of thinking lyvpes guide indepen.
dent inipairy. In the Collaborative Knuwledge: Building classroom, leaming is relaied e

exlenl of the student’s involvement in knowledge-shaning and ClpeEralive activilies

Conclusdon

Becamse, from an experimental design sandpoint. the two models of CSILE use ane
harmighly confounded with wacher diffenc s, il is risky W infier causal relations, The prat
terns of process. cwicome, and comelational esults are. however, highly consisient with
midel differences. These results suggest that 3 Collaborative KErivwledge- Building model of
communal datshase use does indeed foster more caploratory and collaborative uees of ke
duwhase, leading 10 a higher quality of knowledpe development. An Independent Research
model, an the ather hand, fossers mon: writing, possibly reflecting more wse of exemal i
fonmation sources, and this in W may account For superion gains in vocabulary.

Buoth mosdels represent & reorientation of education, away (mem activitics and bowand
knowledge as ihe focps, Umly the Collaborative Knowledpe-Buailding madel, however.
imilves fadical nestructuning in the direction of making classcs ino knowledpge-huilding
communitics. Tt should be clear that aur bins is wward that model, It is the model CSILE is
designed 1 st and owr continwing effor i designing futune generations of CSILE is
Pravide sronger suppont for collaborative kiowledpe building The Independent Rescarch
winde] has the advaniage that, since il does mo depend on 3 communal database, it could be
implemented with 3 non-metworked SYSICM using conventional software. We supgest, b

Ever. (AL 3 netwisrked communal database may have a significant role 1o play even in the

241

IIIm,,ﬂ.j:rn'l Rescarch model, as shawn by the amounl of resding and commeniing on other
yents' motes in the Independent Research mode] classroom.

uwkd:l‘l‘lﬂlh
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