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PREFACE

Information system technology has revolutionized how modem business and government organizations
operate. That same technology holds great promise for helping to improve K- 12 education, but for a variety of
reasons the public schools lag other sectors ni iaking advantage of the technology that is already available. If
technology is to make a difference in public education, it must be integrated into the overall curriculum in the
schools, and it must b# implemented in ways that are both affordable and sustainable. This paper argues that key
steps in this process are establishing a set of flexible standards for educational technology, promoting the
sharing and reuse of educational technology materials, and creating a peer review process for the selection of
educational technology products. The paper concludes by describing how these ideas are being pursued in
partnership witi-l the Springfield, Massachusetts, school system.

Dr. Bany M. Horowitz is President and Chief Executive Officer of The MITRE Corporation. Dr. Peter J.
Negroni is the Superintendent of Schools in Springfield, Massachusetts. Nelson E. Bolen is an Associate
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INTROI)UCTI(ON the sofltware operates, the coii c ,in anid ,tr,-ce
of data that can be used to help assess stLudCl)l

We believe that modern information svstem learning, and the collection and sharing ot
technoloe, -- comnputers. solftv are, conMllUnication descriptive data and user evalualions of educa-
netý% orks. etc. - canl make an importanl contribu- tional technology products, Standards can make
(ion to the revitali/ation and inmprovenment of K- 12 the technology easier to learn. and less corstI to

education. The application of technology to educa- integrate and support. They can also mal,: tile
tion is not a ne\, idea. but tile results to date have educational market more attracti\e to product
generally been less than originally hoped. The developers by providing access to potentially
business community. government. and the military large markets for products that conform to the
have been leaders ill the development and applica- standards. Finally, standards pro% ide the
tion of finorniation sstem technolog.y, including its toundatioa f'or sharingŽ and reusi;rg educational
application to education and training outside the technology materials to minimize the treed for
confines of tile public schools. Fortunately. the custom development and integration by local
schools can take advantage of the lessons that have school districts. Tile standards must be suffi-
been learned by these pioneers. One of the key ciettly flexible to penrit new innov ations and
lessons is that it the technology is applied in a to provide as much latitude as possible in howk
piecemeal fashion to sol\ e indiv idual problems,. the teachers can use the technology in their
result will be a collection of individual and incom- classrooms.

patible solutions that xv ill eventually become
uns,• icldy and unsupportable and will have to be • A peer review process is necessary for
replaced bv a totally new sx stemn. educational technology products, analogoums to

tile processes that already exist •or textbooks,. if
We need to help tile public schools, follo a technology is to become part of the educational

palh that ýs ill address two key issues al the satire mainstream. [he peer revie%% process will have
rlile: I how to make effective use of rrodern to address software, courseware. multimedia
technologv as an integral part of the overall educa- resources, etc.. in terms of standards and criterra
tional process. and (2) how, to inrplement that that cover both educational qualit. and technical
technoloiy iii the schools in a v, ax that is affordable characteristics. The process must be designed to
and sustainable. The first issue lies within the permit appropriate trade-offs related to flex-
educat ional domain, and tire second lies w, ithin tile ibility within the standards.
technical domain. Both are critical, and both treed to
be addressed concurrerntlv . This paper explores three Neither the standards for educational hechnolo.x
basic theenes for dealing w\ith ilhe issue of hrw to nor the peer rcview\ process exist todaN, vet the\
tmpleuren t echnolog, in tihe public schools. These are crucial if the potential benefits of the wide-

are things that can and should be done atl the same spread use of that technology are to he realized.
time as educators are deteririnig %A hat technolog. is We plan to begin the process of creating these
most uteful in the schools and hr ,A it cart be inte- key elements by working with the Springfield.
crated into tire total curriculuh. ()ur three theires Massachusetts. public school svsletlr to become
are: a leader in tire development. evaluation, and

rehnietrient of the necessary sets of standards.
Flexible standards need to be established to We also believe that the Commonssealth of
guide the development and use if- educational Massachusetts can create a peer review svstetii
technology, particularly edrcational soft xs are. for educational soti tare that will lead io a
Slandards are ti needed for the students' and nationm ide role.
teachers' interaclions with tile software
packages. the hardware enviromients ii which



TECHN(O)IO)GY IN PL'BLIC EI)! CATION seens clear is thaI it I orks: a ,tud% by the IhIdsI(n

I n>titute cites 20) ýears tof research that shoi•, s that

'lechnolog, is becomning increasingly important computer-hased instruction produces at least 30

for the public schools, both as a tool to aid tile percent more learning in 4(0 percent less time and at

learning process and as a sub , ct to be studied in its 30 percent less cost.

o, n ri6ht. Information system technologe -
computers. high-speed worldwide communication Simulations
links, . ideotapes and videodisks, CD-ROMs
(compact disk - read-onl., memnory 1, and more - Computers can be used to create learning

hase led to dramatic changes in the way business. environlents that go beyond the computer-aided

ndustr\ . and tile go\erninent operate. The applica- instruction model. The computer can be used to

tion of this technology to the public schools has been represent the behavior of the real world so that a

much less dramatic. Education is inherently a labor- student cart learn b\ doing by performing

intensi\ e enterprise. Labor constitutes nearly 93 experiments and trying out ideas in a controlled but

percent of the cost of operating the educational realistic environment. For example, the computer
svstem in this country: this is nearly tvw ice the labor can be used as a physics laboratory in which the

cost component of the average industry. It is movement of mechanical objects is modeled in

unrealistic to assume that technology will replace accordance with Newton's laws of motion. Expert-

teachers in the educational environment: rather, it ments can be conducted with these simulated objects

wX ill -Lupplement and extend what the teachers are much as they could be conducted with real objects in
able to do. Over time. as the value of technologv in a conventional laboratory. The difference is that the
improv ing education is demonstrated, the nature and computer simulation permits the student and the
co1mposition of the classroom and the role of the teacher to expand the scope of their experiments to
teacher ma\ change. learn more about the laws of physics. The experi-

mental setup - for example. the number. sizes.

Computer-Aided Instruction shapes, mass. and positions of the mechanical
objects - can be quickly changed and rerun by

Throughout the past 30 years there has been changing parameters in the computer. The experi-
interest in using computers to deliver instruction to ment can be run in real time. or it can be run in slow
Students. The labels have shifted from the teaching motion so that the student can see the details of A hat
machines of the early da ys to computer-based is happening. The experiment can be run in a v arietm

trainitg ((BTr. computer-aided instruction (CAI), of environments at sea level on the Earth's
cottiputer-managed instruction (CMI), and the surface, in a vacuum, on the moon, and on Jupiter --

currently emerging Integrated learning systems to show the effects of factors such as gravitN and the
(ILSI. The capabilities. range front relatively simple atmosphere- The computer can provide results and
page-turning and rote drill programs to highly feedback in a variety of formats - text. graphs. or
interactive multimedia packages and an emerging pictures - to match the student's ,needs and mnode of
class of intelligent tutors that combine a model of the learning. The computer can also record quantitative
student's learning process with an expert's subject data from the experiment so that the student can
matter know ledge base to provide instruction and analyze it, plot it, and include the results as part of
coaching that is tailored to the individual student. In the lab report. Similar computer-based simulations
any of its forms, the key advantages ot computer- can also be used for subjects that are governed by
delivered instruction are that it permits time individual relationships more complex and less understood than
student to progress at his/her own pace, the comTptu ter the lawvs of physics - for example. the stock market.

acts as an infinitely patient individual instnlctor, and or a city. Interactive simulations provide an opporiu-

the feedback fromn the computer to the student is nity for students to develop aind practice problem-
tinstarltanUei is Ind non-judgntental. ()ne thing that sol iing skills that go be\ ond the absorb-some-

material-and- pas-a-test model.
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C'urriculumi Management and Assessm1enit established eurrictilurn hilt ss ould providC altrnia-
tiie. tailored path,, th rou cii tire mate ri al- The

There k g ros in,, concern that at higeh scho ol Cextenuded student pe rfo rmance dat abase \s u Id he
di11l10m1 hiOmL~ld eit than t astudentI has ae Itics d at main tained through111ou~t aitut NLCCns sc h ool career and
certain degtree of Competency in critical areas of ssould he as ailahie to slieccssis e teachersr to pro\ ide
sttnd, [lot S m p1ify tat thle It tde nlt ha's Passed at thIem insigs inote accomplishments, strengths.
pie Sc ~i bed Fit timbr of conurses and st andard tests, and ss eak nesSes of'the indi isdna I snide itt at thle
A ny pertorm a ncc-based enriC tiUILItim has' to acConi - bee tin fi o I al ness lc\ class,
Tinodate tile [act that not all studentIs learntil athe samei
tate or.C\es l cilltilte sante ss as . F~ach studenits For stielI t as\ stemI to be useful.L it MINus capture
educeationtal piogiess needs to lie monoitoredi so that tile rasm data on sttIdiCit perHrtttati11cC directly radIer
fYONbINt Canl be detected eaVl atid the insrtttioa than requirme the teacher or. stupport stall, to cnter hilta
ma1'terial. insirtictiotial approach. attd Instrtuctional data as set another task: thtis. it Iis a locical adjunctl
seItcltete Call be adjI1tistd On anl indis idual basis ito to eolinpttter-aidecl instructiont. [Hot, :s cr. thle sy steiti
he ýt Sc' rs C tile siti dcit Is n eed"s. \ Ion it ortie and iii st (10 1110irC' thlani sim p1~ ca Pt tre and store de tailedc
a~sSc smtt mmsi tid pm i res is an in ieret lemnertti II dat~ on situdetit jiefrIorttatice. It tinst LIt) s ome
hie edulcationial process. andc teatelters do thal t' as apfrelimtiniary atials sis andici iterpre~tati~ln Of that data to
ttormal [ill pa of' their job. At thle beginitnigt of tile help thre teacher adjulst the sinidrit's irtstrtictiOlnah
SChtOOl sear. tile teacher nlas ktioss little about path rather thani simtply butrdeniitg thle teacher k\ illi a
Ini\ ictdUal in1COittittg- stuI(CIeits be\ tLtil te Le~t that riaSS of ciaia. T'he s~sIn seit iUst alko pro ide its

tlley pres',iiittahI\ receis ac pissitg grotcie ini any mltpltt qtuickly andcl cirectly to the classroomi teacher
pre tch lJI1Iit IC bljeccis. Tite foriia;l stR l uc eit crt-or - so thatt tile feedbatck Calt be LIdti seci 11 t i ilte I little
m atltee LI lat as b ts ocia\ ScOli Ois f* tilie teacher's ss rk fii t hc c lassrol in)

ertdeb~oik ss tilt Loradclc for tests. clttl1/es, and11

possib> itotutcsotki filec permlanenti traniseript (it'
couseciaesand someI st~nati ldiiecl test scorecs. EDUC( ATIIONAL. TECHNOLOGA)Y (AL TSII)I

THE S(HOOILS
-[the c"Hiiptiter (itlc' rs opporituntities toi help inl thisl'
bre yh Ilittinatiltiel_ Mtore deiii le iiittritilatiiiit lit) 'ilec blisitiess COinnititit and tii'lei IIIitars his e

each 'ttidclttt s 11c'rtiiitt11itice hs scanninglt anid hCceiI leaciers inl usili2 cotttlitttc'rs andc th1C'r ltehIt 1-
liflaliI\ ,irt that1 data to detctCC strcngtets anid sseak- uics to Iincrease their p)-tl~~idtc\ ily and to tratin their
ties scs. andtc b\ pro\ i diii, rap1id lcedbae k ti tilec s\ orklh rees. III af str\ c' (f Fort tine 500( comlpanies
teactic'r (Indit to the stricdcnti sI tu thic' (ft!%ork ii [thic' conuclitetdc lotur ecars aqgo. 54 percenti of tltfe respon -

classtooitt c~ait be adt~It~lse as1 Itece1Satr ii OpttIItiIe/ cients \sere Lusiný COfitipitter-assiSted tr1ailitit. andicI 8
tile lc'aritiiu opporit[kilt! es loir eachl stdc'ttt. A\ percent of the rest planined to do so \\sithii tire tiest
k iitupttei/ed [T Irrictiltirntiatiaccitunt MiWt a"sscs sear or, tMo. Tiiey stere tNIsiI It ito-tilie si iiiplC' reasoin
tic'ltS "tcit cold htandle it rittee of datta to hlcp tile that it patid ot~t itt teilti of' Ilol\ ittlele.tnc. aid perfor-
ICac her` an filet i siMittIc'Lt I (r C\ ''i pl)c. hCS Idc'S mnia1cc, Anoit(iter Sti rsc' of' prikat aic' omtpaittis
Keecping liife s tudent'ts gradec kw a tes, it couldl~ also cmticitctd KhO t ue itrican Socm i kt frTanhue atnt
kc' e Aimft'siltc'A it Sitis 5c to eacht It no Lif IlL siiDl ilII i es ekI ipiieiit in 199)f re ported thiat cotritpute r-hbased
tc'st. \ fitll that it tjta. diagmitot analyss sc'sLlldi bhe training "a~s conisidered to he the most cost-etfc'is c

Pec-fltriicli MiuitoitiutCal Is 10 flag_ topicsL Or icciMLtiicihc' trainting techntology bs time 153 eecuttti es x\ iio
a11 siit fdciit. ori a groulp of studentts. tad diffiictulty reCsphli~del. Fiht~by-0 5- It' CII pere'it itli ci ()it iIiiC's

iltasicln'itd. hItic sys t'tt coiuld also identifyl additiona~l siiresc'ci ssere tising, (BT, and 93 percent planned to
Or ;iltertIatise mtateriatl thitlt otttid be lIrC'sC'ttc'c toi be using it \k ithiti thiree'y cars. F~atttpies of the ramnee
situdenits to elcp titeim muaster the spec ifi areas ssItcre (I ;applieatiOnis Of c'dCtc'toital teIMrtoiiix Oittsicie tilc'
tltC'x hid prIObcrIts. Stic11 c'\cttrsioiis anmd stipplce- schooils intclude:
ttltc'is 55 otld lie s. ithlt filec houi atiiirc's (if ifile
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"* Steec lase, [ic. uses anl autorated learn inc in 20) foreigen lane uaeCS to 3.0)0 itt '4 udnt each
center W ilth computer-based training and year.
mu~ltimedC(ia to train its emlploWsee t0 use
personal computers in their jobs. The center The Air Force u,ý oitiputer-based trainling
opera, s onl a drop-itt basis so that employees with diuifi.Led audio to teach 209)1) specialji/ed
canl get the training- the\ need Mi en the\ have crs'ptologic linguists each Ncar inl 12 Llanguaces.
tinie a% ailahle. With tiii.s Nsssernt. the student "ZN101 asia 11at3hS

been cut in half. fromt 101 percent of the class to

"* Insur1anIce comlpanies Such as, AetIII and 5 percent. w hile the student/instruct,.r ratio lidts
\*la`SaChtiSeltts Muttual use interactive \video increased trout 6: 1 to I10: 1
teChnol og vy and computer"s to create realistic
siulldations to train accident investicators and *The Nas \ is, uIsine (Cl-ROMs and personal
life Hisuramice salespeople. computers to pro\ ide 225 differentm c:tirses Wo

.,aiors at sea.
"* Domnino, Pi/ta is using, interactix evsideodisk

technology to train workers to mix p~i//al dJough~ The NavV' uses lIerSOnal compu-ter-s xxi111
to ensure product q ilila ikt and coi is Isteite . intie ract i e % itleod isks to irain1 medical corups

staff in -\arious health and hecalth-relatedi
"* Federal Express\ Uses interactive v ,ideo instruLC- subiects such as hematoloexN. dental techitoloex,

lion OIV! to ira in data process in- personnel. A and emnergency medical treatmencti.
con:pari~son of I VI and cony cniiiiona I instruct ion
showAed that both approaches produced compar- -The Annrmv is, usine interactive videodisk
able pert orimiance but IV\I took 00) percent less, tech ntl ocx to train rin iti trs officers inl
tone. intetrpersoinal leadership skills.

"* Martin Mlarietta uses, comIputer-based t rainline at -The .- rmiv's Job Skills Education Program
indix dual emnploy ec %\ orkstations in aiicv (JS EP uses, personal comiputers, to prov ide basic
highly automa ted paperl ess fact n rx. The acadenmic instruict ion inl reading and COnPIpta-
ci m Tlptitt r ser c s as, anl on-ithe -job -inst ruct or- ton for Army recruits,. The Sante programi is
xx ho is a I xxass as ai labi',, 24 hours per dax . ten ested at several civilian Sites to help teach

basic Skills inl niathcniatics. readintte. Enelish
"* Shell Pet role iil iiOf Ireland. Pac i i Bell. andI as, a Secondtl anguaLILCe. aiid otlier areas to

Federal Express use interactive s ideotlisk ininiierants and dislatlvantaged adults.
technologx to leach dtlettisivc dlriving to their
truck tlivers. T ~he Air Force is dle\vloping an Ad).vanced

TIraining Sy'stem that "x illI consist of'Lup to

(omputer-assismetl instrutmion is IA itlel vUstLI 350011O networketl computer workstations atl six
thro ughomut thle armed services. The de tense depart - ma 'jor air bases to prov'ide Ira in inc in more Ohan
nient has, the promblem ut training hundreds of 2001 job specialty areas, to ats mans as, 1 75.00))
thousands of people each \,ear. ranging, from ness students, each \ear. This ss stern will use the

r Mrt 10xh neetd training, ill basic skills, to officer-s computers not only for the deliserN of instrUC-
a!,ti enl istedl personnel sx ho need to learn highly tional material to the Students butl also for course
special i id tasks. F Xam pIeIs ot thle uise if t uc(Iat iona I dces- Iopmnie. studlent marnageme nt, traininig
tech mnology in the miitim I t rser ices includite: resource manacemne mil. and Ira i iii ii eva inat ion

T he D~efense L angumage lnst itute mm Moniterey The techntology exists, antI it xx irks.
Cal i f rni a. uses, personal comi]pumters antd
teleconferenmcing to help teach basic prouliciermcy
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THE~ REAL W.~ ORLDI (iF III F t 111,11C Today one findsa S antiei Of dfi tlerent ant

SCHOOLS I . incompatible coill er thle public sChOOl1 fi cure
I.Thle most p)opiILa r inac hines, change as I litte

It scents" -learl that tchnilol)'\ iCyall help to paisses. reflecting (he miarket dtroantics and ra pid
IIpO\ p the pIbC it h kIIiC e icI011 atoa I sx te inl a1 II liln hr pace ot' development inl the persIoNia comlpulter l ieid.

of,5 s Pot iss I tIes rane rl-ce lroml alctinc as ittili - Fi, cure I shoss I that Apple is the largeest s ntzle

ili tl \ patient and li Ni-i udg me it al I li\ii ii dual tutors, supplier 01* compUters for school s. 105e CCer. thii

ito chi til te nature' Of V,,IrI ill thle classroom11. as' :i ata for Apple does not res cal the
prot\ idiiih.cc toi larie rcpuisitories Of informatljion enmerging shiti tronil thle earlier Apple 11II lntil\ of

OLItiAdC tile ~on e it ion aI i Ca-ssrtllti. andt riii; Ilit n inIu C miiachiines towardtilte tie\wer and Itiidatnent all\

detailed ilatahases to permit teachers, to a,,,sses the different Apple Main~ltoshI COMllptelter. 11B3N1 PCs and

J ressQI andt respolid lo tithe leartimg itic neds ol I BMN-co m pat ible c lone.s LIre becomiii Mo Cnire wk i tie I
Inid itl tia SUII ls stie it Nall\ Of o thes ideasll areV ntt 1~ tiustsed inl thle schools. re fleet in C their domiiin ance ili

tLIIIsIdC tile edckI t itirial S\ stin -l tiid inform at ion bu iness and C the merrimtient. Thii is dis rsit ol'

I\ steri techIiirtlties has, bifd fat nitire im paci 11i hiarcivs are vendors, is, good~t Icr comlpet it i\ e reasiti -

hs iics.ititltstr>. aiid thic Itilitar\ during [ lie past sinice tilno htii systc (iiand tio btvin5iiess or C to\ eri,-
20) 5 ears t han )I lxIJ tlL1 

till Cd tic0t t io. Therefoires eý mniit ageeic i5a ts) ~ becomie iloc ked int itit sot c

teedk ito ltotok at1 \\ iiat ImIa been ii hippe nineL \\ fil ti ti ppl ier. Ott thle oithber htild. tile di'tSers it\ 01 011i tll-

Iechlatoloig Itl tile public schiti u. Ptilfer hard\A are bringts ss ithi it poitent ial problems ili
train ing tICstdenlt tild teachers, to WItC tilie dliTflreri1

Cmtil utcr-s *\re Not E-Knough tilacliriI ties.ii proiisidintg techrlicýý. and iiti a1teix ic

si S.ill ciiilee ctitýfic, theliachi ile toiiCether- sit) that

1 lie tisci toplil tilt of tile I'ms -cI it pecr .1iitta the\s can coilmu n tiicat e Wit a1 each other. 'Ild ill

etinipliter fii thle late 19701 mais ittd vI sstble it) h. Iti pros idingu tile sIitts are that1 is ilecessrv tl\ itsIe the

it pitt eitipiters Itot tile classrooitti. PT \, spoio- cii~putitrs.

t hell hal.e sales 10i htI\ vcolItp~l~efrs. and t cb tile umI

0)11 tiilttIit\lt \5 as, a'ked tIt)LOIIII c tItitr:bIt I mitr cklliplIttersI Percent of
Installed P ,,e

ofrfthe tutltes- toi bIll- them. (tolvIterlab 1,11 erev *Sou.rct 0 E D

J e i e i I(cs t dit i o ll at til e c It i tt r 1 t10 0 1 c C U I H e aI t e. 0

I ýS. seltils~ attit.etIId S- hilhll %Wltht itt lCiersotla

"Cro issil a beeni raptil ill recett %ear". andi ttlay I
50-

p1xtblC schIIOO'5 B\ I1990,) , \ci 17 pcrceýtt of all 40

ptbl~t. sItitl hoo allt at( least titit cit1itILtIter. Ill \1tss1a-3
,ltiist-t. fitle iiiithctif oiitilpnteri In the ptibflic AI

5cliii uil rt5 fromtt 1 -1)000 inl 198)4 toi 4N.000( inl 1989.t 20 4 ý

dlroppi~ed rtirt 125:1 inl '100 tti 20:1 'Ai IBMl PC Tnd

I hisss Cf.. tdurinig t iii, s ane pertiod st atitardis lichoil
pttlIliclwkArssuch itSAI scores, batsei 6 Othefs

it i xne til Ni, Cwalit or rit~ drpe Ill hv Commodore

S itpi \ putit ing tIii ire C. utilputer in tihe schotll IBM aO ~ PS 2

doilsitttcsir l\ tiprns e etducationial

her iirtit mlaice.

SiL're I1. I dUt tic ationaI ('tm pLte r NMarket Share



Computer Software -T'Ioo Much. or Not S500( millhon in 1 990). Man% cducationai cotnput.,r

Enaough? pritiranils are dcs ciloped hN iindependent pio,-rati-
acrs nd eOICi tL sCq I Is ma11ii\ CdU1ic at rIta OI kIt 5aIV

FAVc-10 rvncrclIilcs iii a corpi)Ltetr hard\,warc is not cornipanics it rLtiLonl i no rc a- pubhi I hcrN than asI,
%CrA5 Ne'l ticit IIsv I i 'tout sof1s ac. At I irst giance, thcrc prodUCt dcv clopcrs. Thc inar-kc, Is also hit cl

'Wccnts to hc P]lc tt 01 ofed ic at iOiaIl soft' 55 aC to :1100',C tracmcnn tcd .nd scattered: ceach it' i he c Nt mat c

front. One organi/ at in that prepares ain an Lita 1 8,0001 ,Chl(Oi dli siricts, inl !he cotn: r\ inake, iIs )%5 n

,u r\ Cv of, so ttn I- (r to K - I 2 app iicatiott reports thiat sclI ction and piirchaSC dc LIC Itt i .IiS. T ic arc noi

Nome 1 ,,11()0 cdLC10A caioiaIcorn pu icr progranins ha-s e federalI or statc stiandari.. ,Ior ed ucat ional sirftwaic.
beeni ol flcrcd Si nce it hcM cati s NiT- 0",v inl 1985. c tlhc in tecri is of- cdl.uca t io a ConIi cti or icC)1cliiicl

FAducatotia! sotiwarc is cNiiinaicd to hc a 8500 dcli21 gn L and Pintplcl[McittOn. With) , ML'Cc ntnL1hcr 0)
million pe-wr hLsiIC nc l iII, iiis W, na-I SLppilicrN (most olfit- ih riisall)I. a ss idc rangc oi)

a1N (9)Oi coin panic, in tte hel li ic. All oItc ting hi cexpcct. corn pu icr hlar d v atce in thc schtoois, L, I ra!- tic ttcki

thc cdnaIitZ61ai and tcchiiical qua,1i\ of* thiN ,otiiw\arc nmarkct. and no ovcrall NItandards, Or citidciincN. it iN

\rc.Mitch of' ihc cdIitcaionlai No' aire conccrt- itot sur1priSing' tha',t eLcductIionl sotlvsarc colt~It~N otl a

trai1cs uplont rotc drili and Nkill mrctciice: the rc is, icss laLCc rt11itnthr of* pice ;. sontic good aiii. Nomei noi t No

Noft\\ arc a\vai lahc thati dcakisi with conccpt dcv ciop- good. that don't itecesNsri fit ti octhcr i. ý'il icr the
nictit and dIcittonltratt ott. h\ pothcsis icsiitit." atndi cdIcaiioniM or tcchnicalteisNcIN.

Niniuttlatiotis of ilic rcal vs, orid to pro\ Ic .t iahoraiorr.
to r cam rlincl (ii U rc 2 1. 01' th 13,01111 edutcat ion al StalIT'Irai iiin g and In v i. erent
compc11ttlcr pro,-rmnts that titc organi/atioti ciicit cariicr
htaN rc\ si c\5Cd ti11.ri tiW tile ',Itt i\ c otis it I 9111) or Thc Cucrrcent a\ sc rac of' sottic fla :t imiore thart One
NC\ all corncm pit tc reomne api~- C11)~ cr Je 20 11 sI itdnts ic aim that (here N, ott 1)e

"god iipiiiiurtN. ordcr ol, oneCcoimputer pcr ciaNN,. ( )nt tile orther itand.
tilerc arc CstintiaicN that irnls hctss ccii 2i0 tand

Nil -,iCi cditltonal Noit55arc cottiati percetti o thlc nations' :n1orc tihan tsso trillionl
dotttittittcN li ticleield titc top il0 firmti at'coittcti 1br Icaclcr LitNC cot~puttcrs itt ilicir i,\ork. It IN itlk
an CNtiiltteid ms~l tillion out itl tilc lt,1ta saICN ot tilat a teachcr ss ill [iNc icciittulour\ c~lcmckt i il tiic
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cla'tssiooln C\ enl it it is, 1\ ailitblc. if' he/she lids not hut those, stsIC C le ex ixe ltd l eahes l -I J1r11e

bee t hiin nn l t riti nd ill 110\kx to Utse it Lind does 1not cofimitt2r cx periencc.

feel Ci nfo rtAble uIStttn it ill tlite presetteeC Of studntIs.
It is A~ls 1.itliklse that tile technlolo,"\Ns xill he avadil- The erN oppoti.UitiRes 0peICed h\ Ihe

i111t It, 11t: lietech~er ill tile classtootii if' thle NIiool cttputerI can create moicre itork tonl the Ic ix hict.

ddtm;Iiltttaors. school Comtittttees. atnd tilte comu making thejoh hardler wiitali. Alithijeti thec
ilt\m ar_, (lino tndi-Iad io\ t onriUI1,IScori Mitier caii Iminin/esnc adtitrtx

ml t\- itLred ot til lea nt-stn proxitconts bte. clores and ease classroo'M discipline, othecr tasks

alt ~ ~ ~ ~ ~ ~ ~ ~ ~ III lilteeldiMl arofteIirin >* xhcacopn\compu1tter use i mdix idulali/ilIC

lessoits. niatcliiiin stixt\ ale Ito thle curriculum.11
'sex era11 \ calx diiit \k CsN estimatted that otlil settedlulionL studenlt com]puter tHlM. ilionit~iiri2 useC.

ANIHI 01it tC-th d of t Li 1K-1 2 teachers htad ecx r had as pox idiinL asisýtance, and trollhieshoot1L wiAdd a
11,1 1s Il tIours of COMitIputr trdMitting. Ex\ert if the nlet hUrden ito thle teachersý timei int thle shimr term.

Ilie iJ~e lie priobilem of sotirtitte tltr-ouch' tlhe 11111- .- ttx uriter inxettillent in technoloex or

eds I I tIlt Msat IIs ~ k: of x~~dItta sk \k Lire p roItgIt I I's edcatLion10 ittustf f ctor Iii tcachet tnifiinii aind

nim [I,- is '1 Iable tI fin1d solliethitixi that is, hinhl suplport. Mielictlr that effort is t0cuseCd ottl a Cxx\

it\ ii~ teex litto hei curiclum ard tat peciali/cd teachter, o~r oil all teachers.

:11i0!. 1lle H thirte"ichittn stx Ie --- it tltex ate rix olsc~ ed!'itvi 0ii' Yr l Tolsor /chi lo oi roji
1[1 1 eletttt process at1 all. 'IhitsN it is tiot Corrx-(itngress of the I itited States. Oftfice of lcxlitoloe\

[,,- 0t1 techerc tratioteL I, One of, thle conisistent -\ssN~essitlt, Septeroher tltS1,

IIC Il~l 0 stiidixOs 0\11 tile IrotttiNC Of
efi 5.iiitI eetitli icnreditis latr-eI\ a proiitiise: I miltitlte classroorn teachers hiase sufficienti

train inun to feel ciomtifort ablIe u sine miode rn technol -
I - 1I 101111 [0lesli'e tiislx st C\11'011 lie rign ,tt \kii iulln t become Lil i ltttenrd I palt of'tilie

IL niWll xxheIlextx lehloone leartiing proce.ss liti the Sc hool s. Norbod\ claimtis that
Ieh oinpilter it help1 slitti 11ie computfers kxill reduce tile tleed for teachers. The

11"1 iit dstlslTeir to Co)iIcl. teachers xx, ill still he Iit charne of thecir classes.
1_ lsl id li c iil tudlilei to hemci i ailthough their pritiiar\ roile miay graldua.l INShift frotm
P. 111imIp'll In li:1 01 hie1 M\ 11 leIMTiroll delise1 eitte, inifortinatiort to oxerseeitin_ atidI rnatianittn

the Ilearntinrg, process. I tl niorat i ont\ t tiim techtioIons'i
lii : s'' I> x inh teichis ltpripratehas dentotlstrated ati/iangl rapid LroIllt attd

0 l~ t p1 thei iiiies ltitialtear durttg the past 3(0 iears. anid that pace is

* i n iol1 1ittoc is teed tol ftc oxecoliell itl likel\ to SlOxx dol ill tinlte forCeseeable future.

1. 11,0 I l~i I el i ll .1ý1111 111111 klt There \kill be tie),\ tliittn- to learti aid ti lt ouxiit,. and
is s ii sicsis'e resstha takes1 llACe ttdmntttii x ill be a cotttilttttn cJltaletne-. Formal

.1 iie exeK epiiiiin uitl thle teadcler tratining is Cx petlikx e and t i ute-cotl111i sit itn and so lie
111sislsl 11e tislie xxJ i1- leJiio11o1\ is to he ticed is 1*inr educaioia111 sOtoftwar HlIM is, User frietidlx,

Isix"Tier liced hspsriiiie orACK \rctxcx ith sa n1.dard liook antd feel tmtiit)litmti/e tife iteed
til tilie rsiiqtiiti. xx iisititil l" si111t l.L, lr tr11 oli [w br retrairtitin each little a tiexx softssare package ior a

It.IllI Irt' I ks It L i Itl l 'IsIli C I I~ )C tIt tic iCA1r ' lie%% inachitie is, itntroduced into tlie claissrootn.
scl iiitt'a t illx i ti c I ts' ci tltclitr isý a tittil I()

litelil 11C Ilt hIrl) exitill 'lrtlul %altil seIt k The Schools Are Not Rich
pii ii it~ilc ix tt sili t I lic i tisprxi iiisl 1 an ii Cis lt i

fir issis ii T~epublic Schooils clearl\ do not drive the
des eli ptlitent or appl ication itt o in lonral itio Nvstetn

I silies ue otipiter it xx.i~ hi xxirktecittolons . Whle tc !.S.. schools la\ hlave acqutired
" Nis 111 l wiile xiil We1, hiimi, sIx It- aull ituiltoils.
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three million personal ornitputers at a cosxt itl'52 from 50()0to i hundilietl Of thousandsl of dolkltr'.
billion tuinlte paxI't 10 xea that is a sinall Indkiv IdUal Cehutol NvvteICII ha% C neitherI tile inlonc
hutonm of the 45 ritillion persOna ComputervCP titat nor th1e Market flOtelitial ;0 relx UpI In cttuitNl-htInll
lia\ e been purc~hased by prix tie bII'UtIe'CIe' aind tile educational sohtx\ are for their lo cal needs. Clearly.
civerinnent dunrin tOw mane ph)C rIld e S 51 I the dev ekIopt en omi d need to he Triead mv cr a

IIil IijllI In rC x ear CdeaIon-1I10 alI soft are nmarket mla\ larýCe a uISer ha'S as po-ssih-le. liii e\ainple. it a
NCCIIn Nlu~tantial until 1it ICompared ito the package that cost 'sI100 ti t )b tii \ dC1x cho Use hi~ \
extimated 53)billion per ea~r thal ile1 defense 5(00 schools. its cost i,, onlr '-201) per school, and its
departnittm spends onl suot xxare. A irkarketing vaILClue ar spanl ntlanr Courses and ýears of use. Thie
resear-ch stld nilli I ()')(t indicated that theC tý p~iCal school" xx ill ha, Ie Ito Vltid. adapt. use. and shate
pubt Iic. 1,l sIlk 10 o \ n Id( ) peId loii 011 35 per studentI standarLI Id edLIeationa ',()It\%arIe and Cot IIrSevx ateC.
less t11ta1 onIe perCeitI of its hudget onl informnatioii inCludine thtat dex eloped for thle largr cmmecI-ial
I ecltiiolocy Luitnel tile 1 (00t- 1 ())1 acadeittc yeCar. Inl and mnilitarx Markets.

et, the1C II piib ic shools are n[ it Ceen thIe do01rnittatil
market for tramittt materials. Thle total spenditig oil Nobodx Is In Charge
public Ncto ts t I ill I iQl)( kk as appro \ittiatelv 5201)
bilihoii dtivitte- the saitie feriod, bsn11less arid There , is( toi erall locusN. le~tder% ir- itiatta~cr 10r
Hodistrr spetitn lý-- 250 billion fir training. Fethle applicatioti of' teclttologr inl thle public schools.
bu1IC" nesC0111111111t6 has tOutt~d that1 e~i tttputer-based TheC majOritx of1 thle lun1ditc. and therefore tile
11t11t Itii 1 tiil N~~ i1t: \\ oirker-edueat ion departments cottriol ox er \k hiat \v ill be putrchased and Used Itt thle
,It I, S. etimpolor ers ate itoyx spetiditng attn~.rg o! sehools. comtes front tlte 50) ,tate and I N,000) local
II pekrcen CH Of their tiI-hOUse educ~aitoit budge-'ts Onl co% errImentsl that operate thle sChjol,. Ill I L)S'),- I Qtt

Kiilp1utiC-baseil intistruttoit -about 3001 litle*, more orlxl s',I percemnt of tile estitrated S2 1)ti-' I 5 billion
thiii the: pubhINI school' I)Ctd Oit compu1)Ltr hardxv are almittual budget1C for tIlte pblieI sc1iim0i. Or 512 -. "

anld soitxare tor edliltioltli. billioti. earnec fromti the federal IDepartimciie of
Ldue~alijot. anid as little as SI -1 ItMil lion (It that tiotal

Vi (tile cOmiqiuter-aided iitstructiiti has ))elli ittax haxC he be devoted to thie applicatiomn if teelmitul-
sliox 11 to be etlectixk e. it IN also expensuxI e in teritis oif opx iti eduieationm. lit eiontrast. the Departntet(it o
initial ilex eloptiteICItcosts. IDependiiint upiiri thle Detentse spends on tilte order of S2001 milliotn
natureI of thle subjject: itatter. thet deCreeIC of sNdeItIIC annually kilt researect related to hich-tech teachtitge
MInteaCt iii aind braitchniti that1 is prov ided, arid thle atnd learnutic,1. TheIre ar-e of eonrse tiany initiaik c, in
CxteHIt to %N itch1 titult11ICiti da resources ate used. the thle itdli\ idual States anid loieal sechools to apoplr Ile\\

al utIII dex & elop)ittemt ltime tequ~ired to Create Onte teCohnui10Lug TheseW range2 frottt Situlplr pI)ttine- Mtote
hOUti Oif 11isi111t010tt to be ulex I\ red vila eulilltiptite eumiptiters iii the elassruottm to installmnc~g satellite

riestriitit lilt houurs to I.0 1101)rt hou ' or11toC. T'Its eOtnmttnmmlicatiuttt termnttals toi support -distanlce
dexelipitefife ort nerLuties skills tii boith the leatrninmc', anmd huilditic,- riiudel *sh Ol f thle hjLliture'

iitoriuiui Malonltituhuicics1L' ii be used, andtfl te sub-ject xx jlt t111iultimnedia teehriuicvI,ý' arid ttetvvokeIkd COuttput-
itttnkuI b tomticglii .ll. At ir picail labolrtates tot hitih- elNs ill evenx k.lassoonuii. Th'lese loc~ali/ed inlitiatives,
cchluloucx iltlllisties. thme Coust of dculexlpimig otne are eertaiitlv helpful. bitt ihexý ruin lthe risk of heinc

hoi m 4c Of rsLNVIexx ate ite minst nix iiutal ritaterials fracittenied and duplicati ve in xx hole or iil pat - InI
thatii k ire crated lilit prseitiat ott it) a 111,1detit usutig, a tile abseImee of standards for thle dev elumpmenCt and
cotithicite I catt raitie Koimt SSAtttt hii iu5tl)tt ior inteeratioli ofCIeducational suifmxareL. it is unllikely that
imore. .\t these rates. thle uhevehuipitciet ciist fir the thle products of local ittitiatix es wýill be usable anid
~uttimsex are hiur a ione -sentesier 1,011-i r Meighclt ratmee: support able th rougchouti entire states or te naio - a

a %x hoe.



T[ -I E I N I PO RI, N(CE 01* ST. kN 1). kRIDS Tire kc\ 'aep) to brlieope ' tetrCiH
ýItlarkidirdj tile iriteilace'. ilt~n ee,;rl thre

h'Ie hlli~IrreI- o,01l1111.11i6it\ ad thle federa-,l irardxare it~elf. ]Inc irrtrlfaccý thlt nic rrlirprtarrt arc
ha rrrrn i\ c been Icadc]" ill theL (ic\ eplrnentl thle j~teriace" bet\cmcfl iiidi\ dtual picce", of Coirrp-

arld q)[11"alct iorl anin iiitXcco illihriiarriori S\Ic I mcil. tire iirteflaceý b~ct\\ cell tile k.irrllrrrci Iliald arc
ichino~I, dn e i tilhe pa't a -(-40) e Di"ining that anld r "it', re thle rut rLafCeCA i cI lt 011111111tlctltm

period tile% 1ha1 c cone thonehI at lea'N fourl eea link'ý, and the inzrffaCCý lilth thle LIuClr'. I lli:I~ cd- to
tlii', 01- rchn~oloLs anrds tn rlieir' trre 'add lcl piocitnorne h ienaee, 'randarfd C01nrpnr1cr

thr tlie rit irrai larec mrainrrlailre \ acutimii-tuieuptaires eii.triidercrtnir id
n.11pintcr, timl operated inl a lintchr-proccs,,iire nlorde loririat' loir data qtolagc. standakrd datajhale akýcc-

Aiird PfOreein In_ OlnUreir tran'i'ori1ed COMinIlter". IJlanguage" standarld nIIChanI~ill'm for hie protOc~tionl

tirric-iarIn 111L N\rn and Ilmrinrcotnpnt11cr, to) thec of, Cerri e data and '4tandatd C0itirrirrfll1atiorr
,ur-iren of in 1peronal cunripoLter". per~oinaI FrOtnCuriN. 11(1 irdi\ ý1 (iuiLICedeat ion ' sorltý irc paicka,_Ce

uuok~at i~.tile ',eru ci. aIrld llo~t pirV''CýIrl Al' \%ill operate \wlirlt il tr strnctnne.C iiidINItr\ and thle
noire~ctd I)\ cuiminnuiniaon uclA nrk'. Tire pnbhic iLederali oveniment hax e aireadl come it) thle

'.Jlhok iare nrncIir IC~', aIlsanICed inl thi, arenal arid :oticins~ionl 111t OFXIrI S',rtIflI Marr111hIietrr" ate tile
I an nf ý ppurtrrI I IIs to take ad Antal I2COf "nirlh ot Ithe right1 approaIch tor theC nt'oire. an1d hies ha eM% "itti-

lc'or ml 11,t irs been1 Icarrlied. cienit mlarket domtinance to force tire hardss are arid
Nt~v\m r\Aae5endor,, to oiler produtct" that 55 ll %5 ni-k iti

If pen S.% sterns anr open err ironmncrt. ']'ire pnbiic ýcmoi nee1 1CId Wo
take ads ar~iage of t11w i approach arid tile product", that

It I, urirrejrilýiC to e\pect that Comipuiter, built b\ NoUppurti it. There are ltio openr ýs"ent JalldalrnkI" mr
a rrel rriirrticirircr %\ Ill eclserrialir hie tire )rIll tile edLIatioral nrl:rrker \et. butl tile', s Ill be n-ce>-,ý

'rr, rt) be ur~cd Ilr tire chr"'roorit. Corrpetition \MAr arid ss ill nrir~t liKels be cio~el\ reiateri to tlhc
,Hr10o11- di lerirt C011rrdix irrc i tepOtribieIn irtair>m "taIidarui" beingl' itvipiclcreitled tour tire coririrecia 'l '1rrd

tir anl' rrf\ikCe Illr liku pcirhurirrarc ot Inf ormtio~t n iir CIVetnirrirt Irtaiket s.
1% Mori~ id the rednuctiurir', Ill thc :o~t oh tilk pro-11k
rru ". \o c lluri c,rre print, L~xho ol "r~er.huisi Sharing and Reuse
IKrc1. , `or Cos Ilr Wirlrt alClric A airt" to hcu.'01cnit

iouckiinad rigt kl ýmorce Of NLIJ1pl\, I'lurIre"Itrinte. it IlIrisidnal scirool NS1C~l C't11rir 0 caiu taiOrd tile
nI, ta rll~ tic, to a""INLIre that cotrIpurer", bniir h\ I cnixtoin developirrirtl anld ithie'nrar iii of educational

""rude IO irrIrLantrer %k illilie tile he~t chl~oie for all sotissar IrM thteir ON\ it UiSe. lir "aIrre "tateCitrCIedit c
aIppllkatirrir. lurrlaili. the rapid ads\ aticc" ill Comuipn- Oht IOLISI i~ e tIrade abhout1 tctbonnk,. and rIok ",ciIool
er" arid r1ý"ucraterl qu~uiptniit %kill cotitititv, amid ,Ic "ttl expcts, to de\ eiiip itN om ii testboorkN. iThv
0I1CuurI~elICrtt\ 1%1t1rs tot 11111Igiltiiig uiteti LAIIC uI CjlFIIrl(ret ;I1ItettjiC ive tuIN 1 cu (IC\i nilen ptiteIIt IN the [IS(' nut
rItIIHt be a\ akiblai. 'Iliercoiture the IntteIeniC "ituiattori N(tatrdard. cotripat11 hie rOuLuicts tiiat C,1r Ile uINeul h\
kto hC3IC.' a le lt\ Miri tim1 mtch IMRirnis atIronIrl titn\ ,choonk. Fire treed luir ,Iarndardk k ohs\ Wuill;

differenrt %virllnir" aind relalck: 1tt)ls 01iu1i pirrckc ofi 1u.'N liertiti dleu ehiptientrki crsto n he spread overt a
Cqiti)pirreir st ilt tress ci. mtore sIpahlc one"c a" tile\ larg ncuitrubler of ut"ers. aird thle% etrsiire tihat tire
hecrurre avakiabl ss itiroun Ilas ig to "Clap es ers unite, pid icix iret at leat a irritri11tirutr Set Of rui-CI~re-
else. I ilix sJitnioti Canl he adcitis d s i(ii air "pen- tittit. Stantdard,, are bnfiicicial io tire prodticerx I

N\\W/1 'n /iitn tIn. [lire open .5Ni't pin innoplir I, ss eli piodulnct that ricer tire statrdards limae air

arid prirprietair deiCgIrs1 t1at tildiis IdLtal cMIIIttrnte h all vvr\ large mrarket. There: aireads ate: starndatdx
itratirthactutrers, deulevipeu to gainl andi Ilaititaiti a and processes I r 1the Creation and "elect ion of

coi lipetift s ads an rage. le t hrtk s it) su pporrt v arious cou rses anid curricula.
Nut stanrdrrrds andi selection iiprocessecs conmparable to

I huns for fem tbooks, exist \et for educational soht-



ss are, and an orcani/'ation and mnechanism ito -The materi ali iselfl- software. couirses% are.

establ ish themn is not in place. We need to find a .% av v den audi- in a formi and format that is
to create the necessar\ standards andi processes if" direcil\ usble. Access for dmntainand
computeCr softkk are and course\\ are are to become an evaluation should he possibL.
integral part of the mainstream learning, process in

the public schools. These latabases and repositories neced to he
comprehensive and easily accessible it) the end users

There arc already a nuLmber Of sources of' -- thle teachers w.ho are planning and preparing
educational software. The\ include contiercial lesson,, andl courses,, and the students, who are domeu
die\ dopers and publishers of produc:ts for thle K-12 projects or seeking suppleenlitarx, informlation On a
ed ucation in arket. other school, indust rN whý ich1 has sub ,ject. The materials also ha\ e to bec easy to uise
mnade major investments in te' 4iol ogy for training). once thle\, have been found. ss hich lead,, to thle issuje
and arious departmntsi, ,nld agencies of the federal of user interface,,,
goCeminenvt (parlicularl\ the deftense de.partmncrt
%%hic.h has been a leado'r itiic tile delopmenrt and U'ser Interfaces
application of coinptuIcr-artied inistruct ion). The open
s\ sternarchitecture that has becen dlescribed pro\ ile If computers are to be used effectivel\ in thle

a framness ork that \\ ill permit hardsk are and ,,of twkare classroom, fihe users - the teachers, and students -

from11 dIiffe re nt soo rees to be uised in art inttegrated inuLst be trained to use them anLI inList fintd themn eass
Manner. While this open framiework is necessary, it to use. The needl for open s\ stemn architectures and
is not rnouih. A potnt ia User -- a Cass-01 rooe abiit to use wadvare frn difrent cdr

teacher or a studeiit --- need,, access ito the materials has alread\ beeii stressedl. Thus, the students ma\
that alre ads exist Tb is implies a iteed for dat abases find that theN are using fiflte rent computers ats thle,,

and~ repoisitories that pri i ide: maove fromt one suibject to allothle r. fromt one icrade to
another. or from one Schiool building, to ainother.

I11101ri,1101 iln on sat is a% ailable. Ml o uises it. Fven if [the sante hardw~are is used iii all Suibjects.
and lii is to -cc tmt ore infoi rmlat ion -to]. crade s. and ho ildl n s. tile softf%\ are packages \%ill
e\atnple. .. tiat sottskare is asailable for an IBM miost likels be different- While this diversits takes,

PC that pro\i ides in t-ist rue t atnid prOblents i itl advamitage of the belnefits, of tlie ci anpetit se mnarket -
tricronritetric identities, or "~hat s ideodisks place. it brings " till it the need to train teachers mnid
tincliitc stillt oft 110101 ii n ia2Ces illuLst rati rn o il st udenits hoss to rise each so ft%\i are pack age ott each

spill,. machine. Thle costs, ainL lost t inte associated %, Oh thins

retraining aiid the pote'v il for errors as tlte teacher
\it assessslteit Ol thle sljialtt\ ailLI edUiCatiOnal Or stuidenit mloses from (,ace applicationt to aiiothier

Uhltýi iif products a nd resi ii ces t hat aie cani easily make tile tecltnoloc v more of a burden
as a i Iable so rt of a ('onisuicttrs Uniiion for ttan at LUsefulI tool. To mimi imitti e such problems.
MCal lct nal suit ssare. Ct iirsesv are, and ot[her special at emit ion has to be ci seii to the initerfaice
imate ria~ls.- The assessienett htas to be in termns of bet meen thle computer amid its LUsers.
st andardi perfo irmtance criteria a mid has to be
based upoin real esperience b\ real users -- When tyrpewriters first began to appear iii
students, Wtechers", and school adrministrators. offices. the importance of a stantdard keyboardi ss as
The assessment needs, to iiiclude performniace quickly recogni/ed. All t\ypewriter maniufacturers
vireasuires (mnitetics) as vcell as subibjecie adhere ito a statndardi lavout for thle basic keys. 'The
C\valuations. In additiont to coverinig the iisr*, initerface \% ith a eotpitpter is more contplecs
educational value, thle assessmneitn needs, to cover thltm aI typewriter keybhoard I although a standard
the techniceal des igni amid imnplement at ion 4 the ke voardh is frequmently anl important part of the
prod~uct. interface I. 'Fite computer minterface involves %khat the

User sees oin the comtputer display and how hie/she



cani interact %% oth that dlispia% to control tile opcration env ironmient. l inks hetx ecri the comiputer-aided
of thle machine. 'Fhe t\x o critical characteristic,, are instruction sxostcn and the computeri/ed CUrrculUM
thlat th1C User interface shonldi he CaS\ toi Use (user- managemyent and aVssessmlent N% Stein Zate oh\ 1i11s and
11iInc ri I and Consistenit froml oneC appIlication to the necessar\. Againr. standard interface,, hut riot
nc\i. tL ser- fricndix interlaces permit the teacher and necessarily, comimon hlardsx art: and softxx arc. are rlite
the ,indent to) interact %N oh thle mrachine hx inaking, key. These hack end interlaces are not direccrf

Chioiccs from~ ''mnus''IN Of op~tions. 11,slcigtig apparent toi thle students, hut t he\ arc imnipo rtant it the
throIu'oh p)oint i hg at pictures of'ohject s (icons), and teachers, arc to have direct. tinicml aiccess to i nd i-
h\ othle r simnii ar innitLtik xc act io n s rinterfaces that vidua I student performanarce si that thle insitruct inal
req iiirc the Li er it)i master an abst raect command process canl he tail ored to mleet inrd i, i dual needs int
lati'uaee,1.1 arc less user1 frienldl\ . require miore ltime to titme to make a difference.
learn,. and reiLti ire elontinuned pract ice to mia inftaint
firol'icictic\ Coln~sistecy n cvriansý that tile Liser Technical Support
intertace s for diflferenit appl i cat i ons sholo d fiae a

sinii ar lo ok arid feel arid pr1odUnc simtinlfar re stilt for The large -sea Ic intror d net ion of' te Io Ii ig j r 1t1

stmili1a r actionirs so that a pCersonr ko hot killows fros ito tilie public schi ools merians thfat air i ti rast rue t in re
useC OTIC app ii at oi doeIcs ill1 it \ ca toi start all o\ er corn puters. soft xx are. corn nIIIi ri cat in' otster xork s. atid
a C ill to learn to useC Mnit her. [or e sam plc. ',()ile related equirpmienrti ri .st he in stalled in.itie grated.
comipftit ers arid sitlt ware packages miake e Stells i e operated. and mra inrta inted Lti keep ixI( irk itt efle -

Li Sc of jImn teon k cx s r F k cx s-' it) contronl process- rise l\. 'Fhe riced for tihis k inrd of' technriic a I LIppor 1t i

11iL. If' \k irli one applicat ion the F-1 key causes tile %%elI reeogrii/ed in thle bu-Lsiness arid us erittictit
Cionltenits or- the cin-rrc lt dfisp Ia\ to he printied ( saved ) organi/ar iotis thfat al read v has C large ant orn ated
xxk hi Icx it l allot her applIicýat ioi tile [-4 key can ses the informriat ion svseN s Computer tiiannlaCInmr~r utid
ci uriert inflorriat io ito Ilbe eraseul ( dest ro\ced). tilie HiirdpeideittII comnnpanics rouft i Lel% pros ide tilie
ip1pOi t onit iC fo r Li`C ser 't1,11 aii irimnird e rrior are necessary tee fn ical snpport set-\ ices -for a tee.
ihx ioLiii Thffe printc iplIcs arid standard s inf' guOOId user The PublhIic sc hooils are ties er like I'. r o he ah Ic ii,
rInterface design have heeti leameuf fromi experiercec afford professNional eigimneerirre serv ices at a rare ill

dild Canl he appl i lriied tic C at iiira I so ftxv, are to iieleIp SI I) f.OW( or niore per st al Ifxcar. There fore, xxC e iced
redrICe tilie r ra i rim i lot or %, ne piirariis arid ti let thle to finrd oithler 'Amas to help tile schools install.
teachers anrd Itudentis concentrate oil tire subject Operate. atid mlaintail rheier reclitmlogs inflrasILtructur
miattrer ratle r t hal in oi hox to coic .po, ithI thle coii ptir er.

The things, that 1as C alne'ads, heeni descrihed ),\iii
The inlt erfaice hcer xecr thle cotpi uer annA rite hleIp. O peni sx terit architect Li res %xIll Ltr irriII/ rrri~c li

ceache rs arid stiidCnt`, C arl he 1r fiougl1 i t'o as tilie f'riti prohleriis associated \k ith Ii i ist ahr rig add ilhri arid

crrd ( lie part thlar is i tr rud iatel is is ib hict)m the replac in~g liard'A are. Standards tot circlir t ii nnal
users. As reCfiriiliigv heciimes aii integral part iif tile siitt\ are together 'A\i11i databases that reItifx111 xx lra Is

sciucrrs irorLunieLi. Inidios idural compuiters arid available arid hoxx it perfonris xx ill ease lie SefCtrori0
sm 'A are pack ages wAill iiot he LI sed in isoiilation.i arid inrtegratiotn proceess. ( 'onsrsterntr. iiser friend I

Intisteaid. the machines 'A rIll be coninrceted by cni mm ti- interlaces bet xe cii tile si i A arc antd the Iteachers aindI

tue at ii n net mork s soI thlar stutde nts earl %xi rk tolget her st udertts 'Aill reduce tI c retfraIin itng load as tre x
clii peratrise IN oi m project,,s and teachers c an mtiimnitor siift A arc is hri tUir liliu 111 Usc. I fIese steps,. In tiCIittLitilc

studen~t protgress. A eimniputeri/ed curnculurn1 tiun 'Aitfi technoiliog* rra ittrg, loti teachlens aiid oither
maniagermenit antd assessmniit sy sterm was described stal-" ft. ax create a sIttiiat ion Inix Mliic1 Ii uc it fi l ittlie
earlier irt this paper. For such a %system to bec useful. necesýsar\ technical support can he pri i ided h\
it mtrust captutre dat a oi itt divridsdual St rde nt perhtor- peirsonnre I in the schioolis. Io i te\ aripie. in mie r a Ic 'A
rianc~e. This hecimites easier wkhen comiputers arc teachers in a school mtight bec.ome rile itr-site
alsooused to deliver ittstrmet iortal mnateri al and fitItest computer e spert s arid mr entot rs to r (ftc- othle r t cac hers
tile studeni s mtastery of that mnaterial . In suech an arnd ,tIndeints in that sc hioomi. lThe- x xx it Ihfe tlie i tcs



Mi o an ss\ er (I ne~t ton I', %hen prohie its an Ne. and t he general on (if liardss are and sft s\are. t nfori i Unate I

\\ on Id be the ones, %% ho f irst learn hio\ tos iii n a tic% lifte replacem ent of the earlier eenerant 1)1 l % fell,

so ft mare package and t hen shot,% others ill thle school iýneither qunick no r checap. 1 hec ci ins ersion toi openI

hoss to use t Thi approach ss n t ss ork itthe on- ss steti and ~tanclard pF id~lI ciIM IA iMa ae
site tchnllical su1pport role is simpl\ added Ol ott topto dur ing, ý% hich time poirtionis iii the older tcm *aei hac

thiose teachers, e\istiiiC- ssorklOad. so0 soiie aCeomI- to he kept in] operation1 and supported ss huec the nessk

iiisllattiin Such as additional coinpen~tisani for extra SI stit is eing put mini place. IThe cltiersion Of

time anld/or a reduIced teachineL load \\ Ill be itCee- replacemnent oh the .Oftssare is tMoiie di tfiCUl ltnd
,,ir\ . thMer possibilitiie exist sý ithin thle ciintexi of (.o"11\ than (the repflatcnteiti ut thle hardk are. Fihe

thle 5 itcatioital high schools. Coiiputer installation public schools do nlot has1 e ito start at tile begiiiitiu;

an1d repair is, a1 mlajor 1IndnstrA that \ ill conInIIue tii anld learn the sanici lessiiii onl thiei r ii\% in. ( )petn

enox i. and tile\ oca iuital schiiilN nleed iii train ossteinl architectures andI laiidard inTerhaee-C shWiaritie
studentst, Ito enter that1 field, \iicat onlal studentst coUld and resI-CIte1 edcationa101,1 solissM- are~l rin nat

lritis ideic he i alnt- ,utppiort h ur schi ii co miputers, and( su in c . coninst teti and u ser fr-i ed I\c npt
CoinnIll caion nei 10 s nmirks a', tile hanlds,-on lail Of inerfaces,. anld a tchnicalL~l suLppiOrt in1trastructure i11,a1
ihutif tratitlitig. and that pralci cal experi-iece shouldlk takes huh I ads IantaCe ut resuiurcCs Inl thle scholsO

ti1crease tihei[ xaloe toi potential Ciitplo\C, ers lie theniels esc canl he putl ]into place at thle sautie 11time

thiles erldu~ate. that thle dsciolus are 111teeraitime teehnoloes into tile
educat titital priiuC'e, anld curclTitUiU. Wet teecd toi
uleiniintrate that tisii approach Ifk ill make ai

( iETTIN( STA.RTED differeiceI.

\Ve began ihil isaper b\ obset 1 u ta echitol - Start at the Loacal Le,.ei

og\-! is becoinii iiceain tlpitt1strtaii for tlie

puhli chuis hiith as, a tiiil to aid thle learnitie111 thefderal uio erflllteill is not thle 11iaior ouc

pniocess anld as ai subtCci to he studied Inl It', it%\ 1 ot fIttuldifii 1Fr K 12 dtcLJCtt111ii)u and C 1ii 01 not11r
righwI-lthe application ofi itfiorimation ssTII stinr ithasc I arole or- mandate for cstabtltihiig,

teho iusii othecr areas during, the pa,,t 20 30 staitdlards, for elCatiuiC, ta10 teChltitOloes\ Ill tact. (the

eajrs has hipeftills taiultt1 its s1itC IC~lusiit. Thc federal oer eit cirrent approach is iii ecllotir

his1torical path has been) C\piIseýI aid sliss . imC agIocal in11tiatiC Mi ad plris ate iiidutstr_ to create

process beeitll b\ s[ftiiulatiiCthe' (ticiCIaitId iid ness% b-reak thle mol0d"shos esIOON a~luat( thle resulli .

alpplx iiw thle iiess techni logx Ioi specýiFic probleitis ioi an1d thenl dc~ides MInch Of thle nc', ideas shou1_ld be

a11 oildh iw( basis. 1_ \eiiuluirs aeoel ad prOniited~ replicated Iil Oiutlr_ sChOOiti. HImreli re. sue neced tI,

pniiprictaiý priidLItS for their coinpetitis e ads aittage. starl at thle liical les el as %kell. Wke has e slectedk thfe
Boithi priiductc atid applicatiiiiis urek. and the result1 Springtild. \IassachItsetts. ptbli, chooil s\Nc stia

after a \stitle ill a mIincompa~tlible cll~ectiiii oif af place Ito ) n The Sprinfilet ss sfiim is laroe
i11,1 beom inra1md toi CfO it pr it t rc a bri aw range if c Iiall en!,e. bitt

dilti licll iii tittegrate. expelI'isis to fliatiltait. and itot tiio Farfe. Hie Nsslein has 24,(XA0 stIIdeits Inl -hi

IchniiiOg1_ICall Isobsolete3 asie\% prOiidclS suere schools. T'hirtx-eight percentt it tile sIttdeiits ate

ihe eli ped t hat ioillered nitore s apabi Ii Ix bitt ciul d no t "t itle. 33 percent FHi span i c, 28S percent black, and 2
be ii eertt sith Ah siat I he ii srs, a!reads had. percent Asýianý 15 pe rceint if the students are iii

Itatchus iirk Fixes, us re required to keep lhiiigs specVia edC(Iatioin classes. Ctirrentls , mitre than -4i

rut llii ii n anld ti i rspOIl (0 tiCA Weusneds. FAe Ct t~allI v. thle percent oif'the si tidetits inl Spring field drop out oF

need for sI antlards. coi imoinma Ii I and anl os ral IFSchool be Fore graduatl n g. %lotre important. the

arc liiteCttire and stipport in frast ruc tutre "sas, recog - Spring tie d Schoo l admi ninstralion vi is mtercsted fin

iii ed. and f illis led to the us ho lesa Fe replacement ut making \ý steninic changes it) imnprov e thle echteat ionl

lie earl ier svstem and the in vestmient fin a nre%-. For allF students anld is s" ill ing tim take risks bs Irs inc
itess approtachies. Inl 19 1). the Springfield school
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departmenct heg'ai o k \ plore thle poss ible use ofN 0 tachers and Ns there torei cel5i nIMUl11 Na)eIllnik

tech itt tIOcs h FOneh0ou1tithe school IN ste in and (IaN -to -d~iv edI cat I Iona I dCC iti Its" to sI IIUdelt I 1." he
dectermin i ed t hat icclhnodoes coulu I d h 'ccitt rai to thie ikppendli \ tie crI heb one UniUit Nit cc st MICT1 at tMeipei t n

suIccess Of it, prtleratn of s chool renessýal lin a number Springfield's needs \,\iii an emti~tng assessiment

Ný ork kN ith a School Sx sterin '[hat %N ants To Springfield has rctorni/ed that it schootl,, are to

Ilrn pro\ e do an e t'c cn~ jtb oh teac Itimng all student(s, thle
inusit do a nt itc bet ter job f tminatigi ng insNiruct iton.

I xx and a half ecars agto, Spring tied began a If inidki id na st utient arc niot ac hticxii. Ic acherN

c t 'inplccll l en i NC bool I rene tl C14,01-1 \k itt a plaii that need to k noxx evi ctk lxx here itice\ arc hla\ n I - difi -

hals a Ninele etial; to otter all sitidentts access to cultx so tile\ can inte rxcue itUIekk \A x itttih stlii

eq iLlt l\Ota ai d ei A']uiý c\CxCClencC, I-ree ardCless of their tof instructiton to hetlp them att aini cuirrieu lii i1gt1 IN1I

ch Nc.steal. Or ekclovito ic hackgroundls. to) tile first tarc nuniherN of studenits are not NuCeCdiiiC.

mx phases Nt thle proigrain. Sno rfield restrmet ured teachter,, atlNo need to km no thiiat q iii e K Iso the\x can

it,. NebtitlN h\ I imns npare iii tar itt re edcinat ion at dcxCO el C~ opnesxax N0 to ClixC e1sr iit'amt itn t ir xx ht t.
opt this thanl thex had inl the pa't xx lii I at thle Namle ClassesC .

limte tmit\ in, itile NI N tcitl furither ioxxard the Loat of ehom isaobincpordvamild
raiawl balance. Next, iblex itoallx r-Core-ani]/e thle leiite sa ohim xlrda tit

!eradef N11,u0tire Of their Nsctools h\ creating K- S of classroomn imistruetmitmi It is clear that thle LlasN-

elcmnemitarx sebools., midtdle schtool,,, K I-S Nsctotls. rooml Ot thle future \A, ill make regu'Llar usc 1 Of ate

Mid touir rear hmigIh Nettiti. Fimialtx, ther inaugurated ot' teetinoltttes tor dtireet tismue inLC 1 ot All studentsN.

"Ntltttl based mnaitacculiien inl all 4(W schlools. I 1wx inu, It is also clear that techinottop xx itl help Ne-hiti

tin p Ic tlic itt ' thes Ncfirst NitelN in thle rest rue turingeN ssitems meet bhe needs, tif sitidenitis xx hot has c not
eS. ritil Itsio\xx bpnatir phase it succeeded lii tradlit ionalI etdunatitonat prttograins (I,

Neititti [Ci-cital xx biIbl is tIOCUSCt itireefx tln mitakinie at-risk studerits. As "xas mITtICd earlier. Ahtout 410

A )I W t iiti)iit Oil10C11 N aietnd ~ittcahettrs lii the percent ot* Springfieldt studenits eUrrenti\ dfrop Out Oft

i~tNN~t tOOLschool. The sstmCannot accept thisl type o1 Liliiic
Prtogramt s [truist he delx I ped to keep Nt Uder~ts in

citial Itothis taicsi phase ttt remiexial iN thle lull scholni hut it is alsto imiportant thtat these prttgramits

iitipicmelICHiiitii Of a stolid etirricuLuIt11 that speeifics totter students, a quatit\ edUeanIn aitl 1 tlnt tist a

is alit tnd mt lknes f'orxIt it.J hti ttl the sc hoolis and dip(lotla g ran tcd to thiemi for seat tii nc. Pr''rt c mi01

tiC s udci&1t i arc Ace 0)intiable - Cnlit Neluctic tli . Sprinti- Mtu st be deCveloped t hat inc irporatc filhe tise t it
tI cit Itas bee ii tl to tC itCs itii. %k tilt whiciiteat [tie itt I itt techniotogx anti are I argetei loti atl Isitietltii. %x htiet ie

lI RE antI asi~scsitteilt ip trio the Ftlneatitumil they are at risk tor riot. The prtograms mtust chtallentec

I estin, Svvrs~ ic FA lS1. an assessittent sx stern that students and ofter theml genuItine tlppxrt kllities tto
xxii 11Moitoiitr 110%kxx xxll iiit1i\ it~la studtent,, anid the learn thle sksills the\ xiiiI needi to useC and xx trk in tile

I\ sicni at tree1 are aCitiex iteu ti1iC _ioals thlat itaxec 2 1st centulr\
fVe1 NIi t' ill .i11 LiirrIlt enini areas. SpringlIie~ itt i
dI-Cx c lLtt its, ttxx it sesittnicl Isx steti because thle Springfield's goat is tt LI ties ettlp tIpetenex\ -

ai~ks sesswmt'ii sk sI(C is Ctnrre itti ax a ia bit tio stihoo~ls haset: atltemnativxe prooaramns that ttake atil aminte t if

are i tat etui te foir a iitntmher tof reasonls. Fiirst . thý coimputers w&here appitijriate to help nimm edg the
issilss tnk ýItx ta t 0x til te euriATTICUtit areas that educational process and to help dIeliver instructionala
stittit lt eatch. Secondtt. tllex assess ott) v a smnall mtaterial. This will gixe student., xs ho. bin tttte reaston
fraclin tiltf tile goals, anti tobjective,, that are coverid or another. are not succeeding iii traditional pro-
bx tilt' curricuitlu areas, that are tested. Finally. thle gramis the opportunity to learn required] mtaterial at
data that si- hio di o tl ga in thitrought current ly a" ai table their own pace. Teachers x"ill still play a central role
aNsessilletits Is nelatttlWI Itnaccessible to classroom inl the education of' these studentts. The teachers ma\



Use Ji coMfLpiMc to hciep moniintor qudCnlt pi)IOLICN, ICCIInIIOIOl\ 10 tile Ipuhbii NCiiOOlN .i, ti /)I,,

thiiiucgh tile CUrricutiiin. 171.t IIICk nIILI~t alsNO cstabiNI~i 3Cli It\ COViNIwciiI kk liblt iuN(iic aN a Iiot-fol-priiiit
ii~olW'111. Cann-in ri-CatioINiiiipx v, jibi tile tNikdcitx. .\ :orlporitiiif that CllWCx III ci~illntitc and Itcdinicail

-cn10111t1ci -h~ixcdi mianagccnint N\ Ntcni can hclp kccp actix iticx for tile public good. IlIoxxcx et. fibe iitautxc-

il1tcriiatix c pioiicmnN xNch 'IN lilt, (Ilc anld tilc 1\ Iil nccd tile rcxOIInccx, of other ort:ni/atiiin, itit ii
tiLidcTIit Ill IIIcII -- 111111\ COiiiinccICd I) tilec ri I I L- Io ~UCCeCd. -]'lic Air I[iicc. xpccilicall\ tbce 1-licciniolc
LMIi Miul It' tile xcbiiOIl N\Ix I 11tcni tha Ixaciitbcti Sx xtcnix (Centelr (:SC ii tile Alir Ircc Naltcric!

itN quiiii .t Commaindai %. xill he a partner xxk ith NiITRIK Fhc

dcfcInxc kcl-ooiimiicn and thc .- ir Iior,.c arc leadcr, inl

0\1I)IJIMICkici rCUTTCULnIII n1IMI-MIacnicn Jdl tilc application ot tcciiioiiiiix loi Irifileiid

ct"CNx11,21ilt\ N11cilii IN. it tile lcart it sprilicticldx cA'it-ýIiollal ptirpoixcx anid tbIcrc 1,a dc'ic and inl
aticiipt lit (ofter all xtLiKtitxII I. Iccidcx o tOf i OICippiirtilili\ to tliaiixioli tcciitiloiii.,\ t11,t lIax hccji

lilklklixhind! ilccdx". tile cadciiiic pri 'railNs dlcx dcx cfipcd tor di citelc applicitiix i to ilecl ix han

rCqnliic tior xictccx. It I, hasic to xchoiol rcncxx al. I-o t citr I:S( is tile iireailatioin fcor 111cicI h
Tii,iillxtl-CMili N.IUiCiii'itx iit otiNi coniiixtt tccdiiack, dicx !OpiIIlcrI it IcI% ads aiCi.d .-\Ii li.Ce If~~lItiuiiIM
111AMi li. III ' hbCxII- Ii) MAiC 11.1xtIMIC11111 in) lb oiite xx11CI ItCMn .

01dClix CIA ol lCxxOliI` Ii MNILI&Iiltx \k lbl x)CL Ihil

lcciixl. It KccpxN 1bCHIi \k 11111 tile curilc tiltinIin Ill oti FSC andt MIIRI- Lite locatledt Inll i.b

'i11hýtaiitixc pr' ralN tiockiixCu oni outcoilicx flick Ncitsý M10 IN~ (ic h homc )Il niiior oullimptel~ fiialiiitiý

IxI.'i 10i cin ii ili11 tile\10. Mie t10 c IeC% ýi ildaillx tiiicrx. oultxarc Ciinipanlic'. andii ollier le clilwI

Ck.tioicitiuii that \k ill nilcain (IiiilcltbilIl illte 111iai1Ct- iiniiuxtr%. AN theiiclitoo.it c I)IcclV0. \\C. u7\p~C,
a)d:ýIILC.NII xx \-%tell) %\Il I)COi I tcui ilic that a iiiinihcr- of ciullipanicx \\ Ill aixui participatei

fonain o f lic proigramilxiCx dupedL in[ ~ Xl.', thIrI, minital partlcqxitiu mai. )iole i. 'iC~ bi

A uiiieici and ;ll IIIIC' tut iCi Of c o ii 1ciiiiii\ LiO~dx Or ~CIAKC'N. tile teaxSOIMl\ Ixb~ld~Li'ti\ Jdtxp

hc,,iiic it \%ill iileit.-iicac arid i tcat.,icrN aind tinl Is criticall i-icx hc oflld th,1t. ]ibe 11c'e of lilt,

,011IiiiiitlltIuIIA aLccxx t 10 Jiluililbel ti it impittaiit IMlI)Cl ixJ iiCCII [h IUldiiiisiiCIItjI iliiim0Uiit1iie kit

iitihaxcN. I ie (utiisciit (IiimiAmc. ,%hiicht ix c itucit~ix xtiiMldruis lit piisdiuta oiiiii2 )it uiuii

liu1mdil twoili iiixtriictioitai data. Cailli ticiiii iet iiiixt Ni tile dcxCi ipCr dlii (iippi nct it Iliouic

,i11 th e tIC I it.1 c Cilliriiiaticiiia cid he HIIiiLuild\kIu 11 l 4 Itudicx fIx ti xle I dNIIII- iiuitaix uS 'Ixl cii iil litc m

Inuidcrit data mid~ reiditxrlrx cot diild1,1Cf\ 11i1)cu xxiiiiLMC iriict ik xill hiupCIL1iiihe\ Ix\C x I cxiiitep) IIIJI
(catlie r'. ~tuidcnist. and pial cit . Aeeid liiuic itNiltoiiiihol Open iicxx% iilnko:tx ald tIicict-irc xti11uiiiii Ilis

iitit k c ll\olloa lcxiiCs thali chuiu be nil alon ol icacit1tt oean ~ctP~~to

spec if ic ciirric.iiinni IoAN JMii OIC i \ cLS (x 0Iul)ItJIilCI IFilhim an IA 4)IufionIar~i -\pproach

( reale an Indwir.sr (;i,oxrnmnent P~artnership Ilinnlolln'ltl a Nchloojl xx xlcni anld Cx Ciitii Ill\ liiiriiii'i
ouit tile "Tate anld tile nation. I lixi cx Ci. tiat iihjcc lix

'1,11ank(x iiitie iiic;isii Illi paper I ICii 1011Cui Iruilli xi toIl akc lttlei NinIcc it depend" iiponi both tile raic it

\NI IRI:'x xxoi foK ur its gocixcrillicltit~ Npisiurs. %\xx,1 hith IhICkNM\ nccexxarxICLIT irutrcrCM ciihiex kCciupcs

ill, ijifinc- xxirk oili thcile x deciiplcli (it suuiiimcic- I", juuti Witi plie. anld tile Idlc 11 txic lc xchuuuix

baxwd tramiilli.! x\ x loti tiile llc iiiitaix .il] RIE' can1 axNNIlilatc lite chancN. I'hcirciiirc. ,\c %\id hcein
arc1 Ai evpertixc i, uInfornmatlion i x tcnII tcciililoi-,x xx1 olr xnc xpCkit~ic aclix tic, thai 111 niex hciniitcii Ill

k.omllplicrx-. "olixarc. conIlliutilicat iollx xtcleltx". xco pe hut can xc re tot dcloiiin xlratc adli \ci-it ixthc

cdc. for t oxxide raniL' I of dclciixc andu non- deicnxec haxic coOn-ccptx. anld xxC ckl 4,10 diiý1 ih ttll txdii le
iipplicafioiiN. MiITREI,,i pnruing the ii-ppiicatioii ii conic\(itii an oxeralli x ision of- \\ hat xxc hope to
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aIC~ltl nt ld a1 1ilCIý.i! ~ iltffCO.Ill ,1 ro (h a tl .tttdeiit- .110l ICL') 11"Ii I .A f IIII 1 11

cyaiIInIOI. Om ip Ta! ICT!!! A11%II\ lie'. ltlChdc. till ctNlassnilH TIN i.t[pI~illl k~

tii APl CdIIIIeIi)il it hIC I0I0Lti\ lCIOMi-i C QCelCIt III ailso h be \ieflNlhlc h\ the il-Wi, sO '. 1,i tIhC ,Ii

,ISpriln i dtei "'.l. toi duIIý lie I b)l __-jQ AIdd l" the, . .ittiit l ii 1 T~ h,Ii 1C I t)11L't; Ill1k

N~.ilhil\ A I Ihe'.e \\ III includek a ,tihNt~mlia( "tlilA II \iieliefl k mlid'h~~'tii'

(I'.Iililci id lllii lclnoil slutICICN Nuhand (I-illi'.PP le \ llhiJ IIelT'

h-:I iltC~. l 11cit IlN.iliuiLINI \\ l\ N' iNt lo,,l: iAdill.~lit ~C areaI til~llt .*l 1 hiC " 1II! ICO

lIclCICC'.I I' C ýtIiC he olil"icd~ tol iiitt~ril hie ,Li ICMI0 icit 'Lp III Iill,'I ,IIIiil HO i~ 11,111311

II(' Cat -I~k III thi pa1Thc pOll!> \ptle Jll I cllinpntri/i!

WiM, ildi 11111,1ý ilIt\iC \ IeiC~tAlklt 
DOeNuin N! NCllt Helpthedl JeJICbernts Il '' i

CtflpAlided.1 ..e0 lthk j1%t,- ~ ilit 'toohil" Nt U cdua~hll lllllliohf,,alt A1n11 Ial>i ll! oR OW Icl. a.

hCl IIIIlili. Ce ANI A lih 11 1-'\\ 1\ ,land t it i uil'.l 0111'NN ltl't icill .111 l~le~ &tilft. rC II iI iei. i
tki2cc toii t~ plo.~ l Iil ici Impact o ltihili ci- ill IChIF l anidl th Icd I N rII,,II ll mfra~heP'. IL' C ti ,11 lAllle'.i

dellkfdý > 11it 01A Nf LCIC ltN'. ITL JL'AcIINN ihi il ] i a ikwi L- tIP.h m int trd~u tnkille Ii diood~l,

Clpiluuictiuh the Ci11llC di1ilult N 1) 'IC;! lllCI thc CICCIII liC ul il uti hlp tie telidCali In Nim e o t tlile Ir

Ii lic ,t 1jloold tc achii c~l lt' Alse )O10 ll l ieIligd l hiip- .ilti thet d asroomh~ teaheit inbto ( tter tinit''iich iN

It! ulull\\I) a! ll-c lcýýItsc khll Oli Ill Mi oix \%ult pa. the Cim h %te r m /ed- Murticufitr (~I i~ll l .11101,1C

'11,21 stw l, III ritic h of c,-arft:N tt anfor~ma ltion Ni. n l ical r 'Ind ea le fim help the
11,I T1IC 1i.11 'l opc Owl ill! cr mlt it Ppe i!! ilot)[\,d it) r el p teache pr tionsn rot- (lin tcthe is %tte r koi

lirIIC~tl IIJLI IMIll~TIlelidti h Afd~ ANNNlloltn! a ll Mo~ldhern tlflillc atthe edhotooklilb preNNJ' %tiirdec

ullit uhl huitllo'lld N-IItAH It, p~CkIze' itt\,IIII thecessi ngdi ,i spread shesent.(l L~p i,, V

ihrll e~htC Oti ir! e n iill kl hooI d l [i tllt~ t2hi ittIetr tdi Iim can\ help-i C lthe teartners. Ii som p (N it bed
kIWAIt endild bickllcilcidl literAN filme un eari Cr reprae~e part (tb' tatttiaba.nOther ool such t&a

11ill :iite C`tIiditt 0II' %N 111teN pTln l-t '.> tn ept tie that edit e appd curic lu illta t traifii m itd

CII' If~ill~lle~lt estilleat s\ ttpir.em tescrie aler' cal ht ~iit'el the

1111CIL'Imilli-,~~teht the igvot~p lAlptlrlc clssoo tecer Iocet' i oin the p1, Anngand

OreTIAtinli1 ax lie~berpi'lir Mid sttC\l maaeniipilln pofte educ tatint proex s fo ii ecallth

etic, ltiiio -t, at ,d t ~~lltilllli m Il tof~i prN\litl!ie, abeaietepont nth lv.iin- a
\dildr> lot. N ieii.pm atndll tc -I ! tluill A- bothlll iThei take~ti\ tgte tirn ep pl tartnetrshtip-u desrbca

tcm il roillt ~tti i'IlitIit\ h'mae i lechiiiiih iupoll h Ldt eat h r I! Itn .%rK t ii l at e M tRe t

hem '.e i>l te dmbn oal'.t he . arIpIita nist iurnat il-i us(inSritgIk th e a prduts r' ti e N 'nn ittr - ii We N a\ li ciu.

about them atnd c~aii lutlNo b\ prior us'ers toi aid
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[lit icý. %% c ýý 111 ;iIo Cotin[Wuz 10 hrIn2I ,CcItctd
to MfLIU~trN 101 NLIAIIlflR'I IIIterlCIpx111) lliti \k III

J)0 IdC lr~th,1fld C IOICto the kind, of technol
op\ thm Call hc aipplied lo tile "LlooIN. tuurthlc
Mmmi Int i thC INc oI that tedinollojC\ anýd \\&)Fk oni

If I dcl'll ftlOimingC aiij InmpiC11itnftI(MlrI (lhc

qnc tl~ phIaNCN (A thi, programil

1 6



RE~FE RENC ES Pereltnan., Less s J.. C 'o',,s In"httaijoo11'm I io

CiaP. [Hud son Insittr tc Bri neing P aper No. Il1l.
APoss Cilftil Solu111on MeetsZI art ()sers 11IItemin Indianapolis, IN, Octobier 16. 1 989.

Pro bIClit.- his /Sit(t 1it'l /~t'i-cit S .i ti/o. September!

Octob-er 198. paues (ý-7. Cet ron. Mar, in. and Ma Gire iv Ic. PLi i iiotn,

A'enuissamn c: OurS I'in 4:N at flte I urn i 'I tie

p 1 anld ( Ioir I V p,'' iAii I1 11111?'. NLa I '(een ,' New% York. St. M0artins', Press. 1991. pauc

1990).1)3

'-A' hole lob SitnIILIat Ion.', ('B/ 011,/ /)roitlN. Ink \ I Q91 I o.w~imGoe Septembher 15, 199 1.

page, 27 - ',(
I S. N's & VI or'/t Repo ir. Octobe..r 28, 1991.

I-le "'3 Milhlo (janle.'cý_ CBI lbc Ielu'i;. %Id\

June I QsNS pa~c, 26 3 1 O~t/v fit, Best: .Xnnno Gu/de I, /1h04/ict'i-Rat(d

F/ut .at.oll 
1o/ftt iltr Iulft/;india J'oi Pict 'thot'

'A\ 11cetit IThe Non). l\ 1) and a F'our Step Model," Gra'de /2. Education N'ess" Serv ice. I Q1.

lntu-n [tit lb O lttt i- I 11F/tc. Scpetcmhcr/Ott tber

I pat'esC I Pi'it'et on.' Net loot~ 1,1 7(" hpa" and ~m( Leatnu
(it n ress ot ftile In li ed States. Offlice of '[cC hut oeo,.

* I -deral I . pt'sIeli l- lech I. [Ii gh Peilrt mlat lee...' A s,,s,,ctlt. Se pt ember I 958 Chapter 6.
/10,g tttte ti me 199(4. pes22 24.

I e tt /0l ' Vl it, it? h /nl S( /I"(,t/\ /()()/ - /(tJ()' QuahltN

I raiirtni [-or [lee Paipcrless Eat rs. B' 1)ircc- F'dueaw I'll Dama. Inc... D~en %er. ('0. 19()1.

lions'. luls )959ý p 1e 4 )7.
[Itirots itl,. Barr\ MI.. I/'l, Imnipoinwt c' ,/ it ha, firt

" lntctrtettx \ idcodis %L\ tic lie aHeo. linwt, twi't tl 1)01) SV~t dlita \M9 1.3s, Thle MITFRE Corpora-

ti>.~~~~~ Itt ,rio ,,A.tbr' )ctitbe 1991 page 1xn 2elrdM. 1991. , 11ý )

hii Iu~ Cente lor 't~ 10)(. CB Ooc(t tt/e0.11). .pue I21

1)irc(t'tui'u June 199 pagc\s 22 23.
Otit %ct h,,ý im % t,. \pril 11). 1902.

Ut0ý ijItptt'tIl Ce''ot/Iuftr N\tt \. \Lot\ 1 I. 1Q12. f/t'e Reto-in of/A /2 .¶jah aind SI Ite't I' A~t1 att,'

Report of the ( arncgic Commim ssion tin Science.

isý Ilidl I se tit) I )'tele tjafttlllelt Flllit.-an4 tri and11 Tecl'niolocs . anrd ( rot ermnnent September 199)1.

haintite I ctlnltlttcs.'' I.~i dlliri00110 Ict'tt/ . pages, 12 13.
Jnantir 1990)4 pj!ct. 12 14.

"'Tcant s Vie ito Rede si n I. S. EdnetiCon.''th1 lU/
Buiwi\ IiteA I)eeelnbr M9. 199)0) special sectno tit .'ftt 11(vtournal. Februars 14. 1992.

toll ''lHIt. 'I edhrlttLic Rextolution ( tiimes to

Ililticat ~ ~ ~ ~ ~ WO ti.'/ MY)/.// Annual Repottrt (,/ !ht'.irint,'/it'/i u/i/n
S(/~ s SprintgflielId. M assaeh set t s

17



APPENDI v) 5as eass to tOrgct. Ness er 55ste.icftIirm p idC
c0raph ical usecr in terface,, that aric tooch na we

E:XPERIE:NCES WITH ONE COMPUTERIZED) intuitive and easier to ue

ASSESSNIENTUSI'STEN1
The existinu software piCackace did ]not 1110o%

P-rior to MIT RE's inv.olvement, Springcfield user to generate products cc.a set oftesIC,
imade an intital attempt to imniplement a conmputerizied questiolts Or iepi rt ) thIiat Could be e \prined ito a

CUrricUlun nanc en and a"sessmen~t sN'stem t-or w\ord processor f'or editing. Teachers, had to

the Springtie ld sc hools, hased onl adaptingcail print the test quest ions 1troml thle comnputer'

emist inci commuercial lN available soitwxare package to database onl paper and then literall\ Cut and

that Purpose. The existing, package permlitted users paste to create a test.

(teachers) to kiel'inti and m ai nta in a dat abase of'

learning, ohbjecti% es to)r each 1_r1ade and subject. Test T he exist ins package did not pros ide theý

qustIons101' kCVL 1d toite learning objctive CS ould be capability to generate antd store graphics ec.g..

entered anti stored in a database and then used bs- charts. g-raphs) \As ith test questioti,. Therefore.

teacher,, to create tests. Test result,, and other teacher an\ graphics associated ss ithi a test question had

asse~ssments Cooldi be entered and v an otis reports, to be stored in a separate phyvsical fitl, or there

coould be generated to a Ses tudent perf rn tance as had to be enuC11.2i i f'Ormnat ion ill tilie test

ssCI .ii a thle citrric 01 il ii The pack age alIso1 penrmit ted quest iotn to enable the teachle r to cotnst ruct the

hie it srs, to create a dat abase of resour-ces ke ved t0 graphic titanitall I

the leartiitic object ises.
The so ftssare package had Iimin i ci in iortilatiott

()rie of Springfield's t'irst requests f-or MITRE: security provisiotns. It protvided access privileges

Su pportt ss as to help det ertin te if thle package t he\ to itsers by locat ion. ss iere a loeation corre -

had p teltasCLd ss i IC be adeq it ate as a s\ stein -ss ide sp onded to a school. If at user ssas gi s n read';

as(sesinientits ti Af'ter mieettieg ss iii teachers %k rtte access to a location, he/sihe Could access

insold cii t a pilot test of (tie package, it ss as fotutnd atnd illodifsN all of thec teacher files for that

that thle package ss% as ties er us~ed x cry ss dlei\ \k thill locatiton. (til the -osswter- of an itidividital file

the school ss steit [or a \ andyi of reasons11: should be able to tnlodifs\ tile conttents of, that
tile. atnd ott I a soubset of' tilie users, at an),

[hle user itnterface ss as Cotiiple ' atid difficult ttl lot at ton shotutld be Permittek ito e satiutte anl

use. The original s ersioti(io' thle cotmttercial ittii 5Itlital tilte.

softssare packaoe ss its released] iti I 979. Thie
it se/s% , tern interfate wuts simtoilIar to Othle r * [hIe data base for this Cricit -iittli in atl-IltCc toe

stilis are des eloped it ithit titme fratme. .s itl and asse~sst1iien sN\ stern Could ti1t ititerait ss ith

Mtans levels, Of tMenus andi f*JlCitric io % k 10st thle student database. The cotmttercial packa,-c

select Opt itn' Uls. I, serswee r-?-quiiret lit tmake coouId import initial fii c\. of' studentl and teacher

tinat scslect i tts to access a tiesi red fnt~iet l d iat a itt) set up its intternal ilat abases.I-ose e.

ca.pabhi lt (e.g.. lto f~ tit a Is titest Cion1111 Ik Veil lt after the in it ialI setu p. the dlat abases, hail to be

ait tinstrtuctiontaul tbjectis c i. Itt inatis cases. [lie updlatetd independentl\ . Fttrthernntre. the pack-

kitwsi hadl to repeat the ,,ame prociess to make age itulId ntil cxOI diiitat a to artither- thlat base.

Miii111plc e ciI~ion s .g.. Itt create a comntpletc pro\ isdiii a dtalabase e sport capabilitN \koulId

test that cilsered tMiltiple hibjct yes . Tile idepthi have reqtuired cttsttlni sottoxare development

if Ih lientit al05tsit req ui red efit'lot ito learn antI Whtich Ii le sc hoot N'tI l~ %ksei as itna hIC 1e Itot.



Thec haSIC coiiccptsWRIH uncl)in tilc C.,nIniCrLia'l
so k i,ý arc pack a,,-,c (i.e. de Ii I I I lgICarlnI II I- o h jCctI\k C".
and kcv iii oihcr infoi aiiiLiai to file learnijng

(ohiccti\ cs) I e~re consisicnt \\ith ihc school ,svstclo,

ohicti\ Cs.II\\\C. limiitation', ill tile iniplciriciiia-
tonl Miade thC p~ack acc C r d icl'iCiI to 11,C anid

I'CLIllCdI anl inordlinate 11110.ll1 01' additional mtantial

Acts it'i lccir. T~~Crc Cie uChltant t0 lcain1 tile
ci nll plc \ title (cace anld becaimc trustrat cd llw the

amonitit ot ellto rcquircd. Thc Jick tit iiloflhi~tioii
NCCurits also) raisCd ( iLC-s tions aboult si udc(nt pri s 1acs

Irichis aiid Coincern"m ocr il pert rig \A, ith data.
I-itIia I~ I ýIlie in[tIC\jihjjiitx of, Ih ji m l plcrnicntat i onl madc
it 5 cr\ difflicult 1o ino0dif\ thc packagc as firc school
"cN i Cii need,, chanccd. Uniifort unatec (Is t ics

Iini111,11o01s \\Cie outsý 011\11.1' aftecr anl C\tCn~dCd trial.
Ill :-ctrospcct. tfil, C\p)CilCnlCC lMU ,iratCN, M~O Of tilc

uhalege u h tCCdI in app I iii tcc h tology ini tWe
pubI)Jli schools': (Ii )t1111 diffhciltsl of sclcctiii a

ft ssarc: pac~k a~c that k\ill priý idc tire capab ilitics

Air aw rc nedd b ir a s cci ic ap l- cation tha k Ca-
to Lisc. that can hc integrated into a larger total

opcratiii cnm iroiniici. andi that xx ill pro\ idc a path
f or cros tli and adaptat iou: arid 12 thc iiviportance ot

pros inci- adeklUatC tra'Lin~ing1 and contiiiiucd t1cchnical
-.iph ot toil eh ndI LucrN of soitxxaic packages.


