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I : Abst r act '

Whil e th e- use o f -mic rocompu t ers ccn t tnues ttl esca late

'1 ~ a1'1 sectors of SOc.iety: t he,i r e pp l t ca t t cn ftf'~ea~hi n g . e nc -

,. l earn ing purp os es 1n pr cv tnc t e l a nd na t 1o nal s c hool s .r-ee e t ns

wit h t ~ e -c omm1:t,ed fe w. Prese nt a,nd' -Pds-t : 1tt~ra tu re ,.ug g e~ ts
educe to r un fa mil ia r ity 'wi t h microcom puter te chn'ology f s ' sti l l

1a r.ge1y re s ponsi b1e ' for " t his ' ~ond it 1~n . " ~ h O U 9 h ·. o t ~ e r fae t or s ,

suc h as "poor ,cou rse i,iar:-e , ,f ew au t horing l a nguages , 'and co s h .

To as s t st wit'h- t he' t a's k of f ami,i ia r ldng ' a ' l ~rge ~ _l .~ .ca l'. .'

pc pu l a t tcn - ~ f e qu ~ a to r s ,~ 1t h' t he ' mic rocomlfu ter; ,a n'd its

~t capab i lit ies , a mUI~t1m~dla- 1 nstru·ctfo na.~ pack age , en t,1t l ed,:"

...1 Microcomputer s: Ho.;i They ~ork . -wa s d e s t qned a nd deve loped by

the' wri t er ,
" ' . .' .

Ouri ng th e co urse of .? ev,e l opmen t th e , le a r ~ in g ' inateria 1: _ _

..wer e iedf-t~;d-:-~~~i ~ed . anti examl r red iTi prepara tio n f Ci ~ ' a f o r ma l .

thor o u ~h ' e v ;l u a t 1 ~n ~ f t he 1r ' ·effec tive nes.s ,' A s tat 1s 't 1ca 'l

· a n a l Y S i ~ S U g' g e s t s ,. t he ' pa Cka ge was r~sportsfbi.e f or ' 3~ . e l e m ~ n,ta ry
~ C h 0 0 1 · · t e a C.h e r s 'd e m~ n s t r a t i n g l ~ arnfn g 'o f ' fl.o.t:h 'c o 'n c e p ~:s , a ri ~

ski 11 s a'S well ' a s a ffectiv.~ jmprove~'en ts "":1th re spe'<t 't o

m l c :. o c o m p ~ t e r s" ~ ,

Microc ompute r s : How The y Wor k. , h ,now ·a'va11a b.l e for

use by govern me·n.t; sc hoo l boards' , e nd- o t her -age nc i eS re spon s
l­

1ble for .'te~cher e.du cat 1on ,a nd prof~ss1o~a l · :~.e.ve 1op,me nt who ,. '

w1's h.. t o 1.n,st ~u c t l 0Fal educ ators" in the br oad .a r e'a s o f ,

mt crc co epu t e r f o r m. fun cti on . a'nd tns t ru c t t cna l ' l,I t 11 i t y ,
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. .! he de S.f g,,· a ni:! 'p rO d u c t ~ o n "of f ns t~uctt o n a l . ma t.e r .fa l s

: 15 frequen tly II. t ime consuDl f :9. a nd ard~O~S tas ~ req l,l1ri ng ;

' among ot he'r s. lS s1s ta nce ' f r olD peo ple with a va ruty of '.... .
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~ ~.h o prov ide d e terna l' ass is ta nce and a lways an open door.
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. ; ,..... were t'o o _ n~merou'S f ~r ~'~ n~10n ': ' F,tnallY'.>o my.. wife Susan :

Your en~ou ~ a g e me n t. unde rstaii'di ng . all( te chnica l assistan ce~ .

~ere es sellt1al fo r rco.IIl Plet ion of th i s pa c·kage . · ..
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• CijAPTER I

• INTRODUCTION

I n a short ,ti me period of perhaps .f o r t y y ea r s. the

fO,rw.a.c.rL.march of. compu ter s c t enc e , mt c r -cel e c t.rcn f cs, a nd

related technolog ies 'ha s deeply penetrated mo s t areas of

. ".",

' .'

.;.., · '.:. lIo

, , "

tc t he publf c at la rge .. A recent predic tion by Pr-es saan

and Rose nbloom '( 984 ), sugges ts eve n deepe ,: pej-meee t on of " .

. t e lf.hJ'l ~' J o gy •• ' 60 ' m 1 1 1 1 ~· ~ . ' N O~.t h A'll1er1c,a'ns ' a'~~ ~xp.;~cted ,
mtc r ocompute r-s .by t he ' end of ' the ' decade.

-;.;" .' ,

pres ent pu;cha s1ng tr~nds .cont tnue . C Cl ,~ P l e J:l. with ./

Qf ,mi c r ocompu t e r ha'r dwa r e , so'~t~are .•' !o u r 5 ew a ~ 'e . · · ', f . :

t ~a nS1t 1o ri l moving from t ~e , c l u tc h e ,~ oJ the .in dustrial

~ ~ V 0 1·u t i o n. t; the ~rms of .t;h0'!,;~ r !'1 ~ t ~o n a·g~ . . ,

, I . , MOre precisely , i.t 15 tile 'pr e se nt daystate- of.- the '- •
I : ' . , . . . .
ar:-t micr.ocompute r with its miniscu le .s tH co n chip whi ch ha·s ·'

~a d e l jiJf~ost, power.(u l , -.a~d "re1ia;le compu·tiri9 ,.~v ·aiJ ~b le .',

. At t he centre of . t1;js- metagenesis is -t~e comput er,_

;an 1~'s-trument 'w. ti"fCn unl ike any' other de ve'~o p ment: such '-j -s- :.. , . '

"h e pri nting pre ss or th e ass embly l ine. has extended nenvs.
I ' " ,_ .
gr eat est asset - hi s mind . As a res ult . soci ety is i n a

. . . . ' .

. hu~a n endeevc r cr,eati ng widespread sc e t et; economic. and

' inte l l ec t ua l' change . . ':F'ew ~ reas/ of ~ O~ 1e t~ now remain

]un t ouched as ' t h ~ s e ' ach1e yements have i'~ v a d e d bu s 1nes s.~

!, '. ve" me, ' , s ct ence , educe t t cn ; and mor e r e"" n'lY; 'hei ' ' .
!home.



\..

ceuj-se oUering s, demonstrati.bn. fa1 T'S, publ ic at i ons ,

. computer c l ubs . and intere st groups avet l able thrl)UghD~t '

. ~ 6 na~ a , ' t he Unite~ -State's: J a.p.an:, en d-Europeen · l1 iH 1 ,o~ .

this p re.d !ct i ~n S hO ~'l. d .m a te ria.l i .i: e . , .

. " J us t as ..the microcomput er is c reatin.a uphe ave I tn.

, s~o c .1e t~ .. .tll.e~ .1 ~.d u st ~~ ,it ' re.~ l'e se ~t s . is u'ryde;g~1ng SW ff t "

c'hange ,as .we l l . S-~!l c _e ,19 75 . when. th e f .1r"St .·m~ ~r o cpmpu,t e.r. "

· t he A l ~ ai r e ·. 8 8 00 . ' was tn trcduced, these eachtnes hav'e ·· _ , '

· ' C~O~'t 1 ~ u' a ll Y d'e~rea se/lrI cost a'rid s t z'e, ;e t· " s 1~nar(y. a;e ' .

· ' ~o, r e ~-o 'w.~rfu l ·, ~nd p o r'tab:l~ . 'one"of' the', few f~~i~·~~ ~ :. .'t~at :·~ "

".' ~~'~.. r-ena 1'n~d : io,~ton't '1s , .1le rtla ~ s. , ~, h- pu;~p ~se ; '. ;h~a t ~ .~ .
·t·o r ece ive ,' sto're. mani ·puhte. 'and ...efmmun1clte inf'oI;~at1on. . .' ., .. ' ~

"(T~ o:ng & ""G~ P .ta . 1982-)"

..~
....)

Pre se nt ~ a y,- , comp u ~e r. , te c;n olOgy ~ .s ~.e 'r e ; ~ ~ t 'of. a

1en9fh Y' evo'l ut '1on excee dt ng' 3 0 0~ .i ear s " The' fi rst' 'wi des 'p~ead ' "

c o'mp u t a t i o n~'f dev lce , th e ·abad s ." was used ·t o perform 5i mp'1~ '":'> '

~alcul a.tions S U ~ h ' as addit ion and ' s u b t r a-~ t 1: ~ and With ' ., . ' .
. ' " ' .

gre ate r dffficultY . ml(lt 1pl1catio'n and division . Today.
. /.

this process. of cou,nting via s:Sririg and beads is s t il l

Wi '~ ~spr~ad ' {" ; t he Orient : '

.' . T ed'1o~s tasks such ..as censu s. tabulatfon and ::ax .a'tfo,n _,;'

' w ~ r e d8tal ysts f;r de velopment .of, 't he ~ar'lfest mech~n1c.al
• " " '. ' . • . J

cal c;u'la t ·or s . Beginning with ,Pascal and ,his "ra tche t gear." ,

c'~lcul ~tor in. 1642. the proc ess of ·C ~.l, C U 1a t 1 0 'l anc '"t he .. .

- _ ',' 'Il:!:. •. ••

' ..



science of mathemat ics was significant ly advanced by Leibniz

and the leibniz wheel ( 1694) , Jacquard's weaving 100m punch

cards ( 1804), and Babbage's difference machine and analytical

engine (Baker . 1975) . But it was Hollerith in 1879 who

deve loped the first truly successful computation dev ice.

With the use of punch cards and several Hollerith ca lculators.

the United States census of 1890 was completed within three

years - a task which previous ly took many times lo nger.

Though Hollerith's calculator was eventual ly

replaced by a more complex system, the digital punch ca rd

(a th in paper card conta ining information in the form of

punch holes) co ntinued to be used as a standard data source .

With the advances of technology i n the 19 20 ' s and 1930's

and the demand created by an oncom ing war, Inter national

Bus iness Machines (IBM) and Harvard University engineers

collaborated to prod uce a swifter, more capab le unit. the

Mark I . A huge apparatus (51 feet l o ng , 8 feet high,

5 tons) . this electromechan ical mechanism could perform

all four mathematical functions within seconds and store

data in memory ba nks - someth ing its predecessors were

unable to do.

In 19 46 , there emerged a calculati ng machine which

revo lutionized computat ion tech nology . Te rmed ENIAC

(Electrica l Numerical Integrator a nd Calcu lator), this

the first automatic e lectronic digita l computer . Housed in



a f ramework 30 by 50 feet were 18 ,000 vacuum t ubes whic h

cou ld compute in mip isecon,ds a nd pe rform fun c ti on.s no't

found in ea r lier compute rs '. Howe ve r , ENIAC', ( OVAC

( Electronic ' nts cr-ee tYe rt abl e Aut ,om a tic Computer) and

: o ~ h e r "f f-r-st qene r e't t on" ma1nframes were la rge , unr el ,ia bl e,

(with 1ts vacuum'tubes ha vin g to be ree-tece d e ve r y 7 or B
. "

mi nutes ), costly to .orod uce , ope rate, a,nd di ff ic 'ult t o

pr ogr a m. AS'w;ll , 'data were processed in a vb a t c h" f a,s hi Oll i

th,at;'s , users were no t "on li ne " (direc tly communicat ing)
. I

with the. hos t com p'~~er.• , but , wer e, req uired ;0 ha ve the ir

pr ogr a ms or , data del ive red t o t h~ .computer ~ns-ta 11a ti 0 11 fo r

pr oce"s s 1ng . much' a s one delive r s photog rap h ic filin t o a
( ,' , '

deveJopin g tec t lf t y. Such a mode had par tic ula r dis advantages

as Sledge (1979) point's out:'

?r ,ograms co uld bi 's ent by post , by co urier,
or delive red pe r sonall y by t eac he r s or
fr 1ends bu t t he esse ntia l f eat ur e of-s lJch
an e r-r-ence nent was usu a ll y t hat it was
s'8l f-defe a,~ ing bec ause of t he delays ,
i nvo lved. Afte.r a l l . t he speed of .t he
computer ca n ha r dly be demonstr a ted by a n ,
a'r.ra ngel1) ent t ha t ta kes days , if no t week s,
to· produc e the r esu lt s . .. . I p • 6)

j be eppee r ance 'o f, t he tra ns isto r tn 1,947' was a

sfgn1f.icant dep ar t ur e friom vac uum t ubes . This tiny

amplifi catio n dev ic e ( no la rger than a di me ) was smal le~ ,

more r~l fa ble . a nd hi 9h t 'y e ff icf~nt c,ompa.re~ wi th fts .

predecessor and soo n was use d by' indus try for pr-cduc t t on

of th e "se cond co mputer generat i on". These mai nframe

compii t e r s, they wer e terme d, f ea t ur 'ed a , r-edu c t f cn i n



co s t and si ze ov e~. an d were i nher e n t ly mor-e powerf ul

- reflecti ng the advantage s of microe lec t ron ics .

Par alle l in g the s e hard ware dev e l opnen t s were

impro vemen t s in comput er ut iliza tio n . part ic ula rl y t he

ad ve nt of " t ime-s haring" . . In t he t i me sha re ,d mode ,

mul t'l cl e us er 's ps eud o- e t mul r e neous t y acc ess a ce n t r-a l

c.omput e r faci l ity t hro ugh on l i ne c.cnau ntce tt ons . Each

. (' use r appe ar-s t o be serv i ced tmned t ete f y , t ho ugh in f ac t, th e

co mpu t e r s ha re s servic e ti me wi th al l c li e nts in a rota ting

fash} on .

r e cbnol oqt ce l pr ogr ess in t he early 1960 "s was

r e spo ns i bl e f or the adve~t of t.he · i nte grated c t r cu it - ' a n

e lectrical pa t hway ,c onsi.sti ng of ma ny i n te rrelated I

t r ansis t o r e leme nt s etc he d on a small piece c r ts t l t cc n .

The s e "c hi ps ". as they e re -ce t Ied', were a . s i gnif i cant

.de ve l cpmen t , e l f nt ne t f nq -t.he need f or . in dividua l
. ' .... .

trans istors wi t hi n el ec t r on,ic' componen t s . As a r e sult.

the "mini computer " c r th e "th ird genera tio n" of computers

a ros e .. _Mi ni eomp" ' e t s wer e ro b", ' . desk s i ze unt t s --I'
c be ..a cter ~ zed by rap id pr ogram e xec ut i on a n~ 'a la rge memor y

ce pec t ty , stor ing' a nywher e f ro m 32 • 128 K· (thou sand) wor ds.. .
I t s ,cos t was s.ubs t ant 1a lly fe s s tha n ear l ier nc de l s as

ex~e nshe as s embl y pre c t t ce s ( s uch as hand wir.1ng) wer e
. .

el i minated . Fur t he r mor e , t h is new hardware pr ovi de d

, I nc r eased t 'ime-s hari:ngfacili tieS ( upwards of 100 or more

.Gl i e nt,s ) r e sulti ng in l owe r user pe r te r mt ne l e xpen se s .



Throughout the fol l o wing d e cad e, mic ro e lec t r o nic
)

improvements eont1nued...to reduce co mpute r : 05t S and t nerea j e

e ffi cie ncy' and process i ng capabtJ i ties. Small sca le

i nt e g rate d . c i r c u it r y o f t he e a rl y 1960.~$ "( ac commoda t i ng

abo u t te n tr~ ns1s tor e te ee nt srper- ch ip) was . by 1970 .
upg raded to - Iu!dfulIl seab c1r c uit" 1ntegr a t t.on and soon

-f o l l owed' by l l:r ge.:,. sca l e circ uit i n t egr a ti on (thousa nds .o·, .

. t rens ts tc r el ements per -chip) 1n t~e m1d-1970 s.• . W.fth these

dev e lo pment s. ~h~ . ~ l e ~ t r o. ·n ~ ~ mea..~s ' w~ s now av a i 1abl \ fOr

d e v~ l o p ~ n g a 4t h genel"at ion of computers . )

I n, 1975, th e ' f i r.st m icroco~pu t ~r appee r-ed o.n t he

" ."" , . .. , n, "",. "''' ror ... . ..."". . .. .. , ,,,. • ' \ . . •

~ 8 00 coul d be p~rcha s ed 'in 'kit forlll for a cost o,t S339 .00 .

It Io(a ~ th e f irst l ow c os t, de sk top . sta nd alo ne co mpu t i ng

i aci~ fty ava ilable to the -pu bl t c at .la r ge . " The "new cOlllpu ter

era ". as Bar ne s (1 97-9 ) l abe ls it , had arr~ved.

The cur.ren t microcomputer ts the f ocus of a

· f l o ur ts li i ng lu r ke t and 'reflects t he swHtness with whi ch

t he te ~ hn o l o gy changes . : Four . :e ight, ~xtee n :a nd thi ~ ty-two '

kil obyt e r andolll access memo ry wi t h 1I0noc hrome d ts pla y u n~~s

and magne tic t a pe casse ttes were 1." vogue five yea r s .eae . "

S ta ~e of th e a r t "nt c r-cs " marke ted f or buslne ss . ed uca t io na l ,. .
government, an'd le isure use .p·r esen t l y boa s t .64 OK' or 128 K

random ac ce ss mem ory via ve r y l a'rg e sc a l e i nt e gra t e d

c f r c ut t r y , compac t key boa r ds . high resol utio n mo?ochrolle an d

co lo r display' un it s with t ou ch se nsit iv e scree ns . high s p e ed

pri n ters . dlsk~ drive' unit s . ve te e and music sy nth es is. in d



mult imed ia h o o k -~ p c·apability . Compare d to ENI"AC a nd its

1 K r andom ecc es s memory ', a severa l hundred dol lar

' s t a t e - of - t he- a r t mtqro cc mpur ee. Ynu i ts s t t t cor; sq'uare is:

1/30.000 th e cos t , 1/ 30 , 000 th e size, cepa bte of ex ecut ing

pro g rams 200 times faster , ext re me l y energy e fficien t , and

i nhe rent ly more r-e 'l t ah'l e - an impressive cos t /e ffe c t i venes s

ra ti o (ucr-etec , 1982') .

Futu r e "deve l opment s i n mic roc irc uitry a rid t nro rn e t f on­

stora ge au gur well fo r fu 'rt he r cost and size' ~educdo~s~ as 'II

we~l as i ncrea ses i n c a p ab 1~\ty, 'a p P lic ai~ons: ~ nd ." use r
rr-te ndf t ne's s" . For example , Hewlett- Pa'c ka r d bas -now_ produce d

~ ch ip acco mmodating 450,000 ti-ilnsi~tor e leme nts {ar-e hen ,
, .

1983 ) end .r esear Cher s a t 'Nort h Caro lina State un t ve r s t ty

expect t o ut ilize .nct ecut e r memory .for data 'Storage ')"") the

nea; t ut ur-e '(Sha ne , ~ 9 8 3 ) : ' This . Tatter dev,elo pme"nt \u~y ma~~ _
the chip obso l ete pefore ,'its fu ll pote ntia l is rea l i zed, ~\

. "":": t e ch nol~~ prog ress i n the "?" ~
elec tronic s and conput e rt t ndustr t es wil l furt her en cou ra ge '.

, \ '
t he per mea t i on o f computi ng i ntQ mos t _sec t or s of soci e t y . !" '"
Such a deve lo pment wil l . ; eqUi..~.~ , 'a m o ~ g other t hings , p re sen t ,,~?

and f ut ure wor ker s to be kncwledqe abl e with res pect .... t o. ' .' ' . ,

computers an d t heir appl t cet t ons (Boz~ma'n , '19S4 ) , Lndeed .

~res e .nt day p.repara tory t raini ng f or engi neers " bus in ess

per s o nnel. se c re ta r ies, and . t ea cher s "openly r efl ec t tb t s

tre nd.

Educa tors . tn par t i cul ar , . a r e be i ng ha nl;led th e

r~ $ p o ns ib l11t,Y i o educat e t he le a rn in g publi c i n comput er '
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lite r acy and u t t l t ae the ' llicrocolDPuter f or l'! st ruct 10na l

purpos es (Gr ee n, 198 4) . Amid cries of acc ounta bil ity an d

-pr ogr e s s iv e educa t i on , su ch t a s ks ,mus t be accepte'd wi llingl y

and with und~rstanding _

Pre se nt CO Rl pu t e r Applica tions 10 'Educa t l on

, . As ~~ate d preViOUSly: comp~teris and p a rti c .~.~ ~_rl Y

m.i c ~o c o mp u t e r s a nd es scc t e te u pa raph ern al ia a r e be.ing .

ne r-ke t ed and purc hased on .j! scale unhea rd O.f (n' his .t o r y .

The f i e·ld .o f. ~e du ~ a t i on · is no. 'e xce,pU on i~ thi s ~nd as

"l!lic rOs " a re pe,rmeat1ng sch oo ls • -ce n t r e l off i ces. 'a nd

col leges . to .~ s ~ 1s t· wi th tns t r-vc t tc n , ' ,1 ~ s t r u .c t i o n a l .management, .•

a nd adm1nist ra tiv~ task s (P ressman & Rosenbloolll, 1984) .
" ' .

' " The t er DlI·nology to d_esc r ibe t hes l! .a p·pl i ca t i o;U is

wf de s pr ead, bu t varted , 'a nd, a ppea r s to have evoh'edas the '

indus 'try found grea ter .ipplicabn i~y f o r the technology .

Presentl y , the l 1te~i fu re is flooded e t th termin ology an d
. '.' . . . . . I -

ac r'on yms .to de sc r tbe s i Mila r , co mputer applic a tions (Hoore .&

' COll 1nS, J 979,) . SORle 1n c lu d~ COlllputer, ai ded t n t ru ct i on

( C A ~ ) , 'comput e r admin ,s.tered ,i n s t r~ c t i o n '(CAI) compute r

ass is t ed in s truc ti on (CAl ,), c ~mpu.ter ",tded t 'ea h l ng (CAT) ,

.comput e r managed .l e a r nl ng ( CMLl , compute r bas d learn,1ng .

. ( CBL) , compute r bas ed ln s truct~ on ' ( CB1), ' a nd omputer

managed i nstru c tion ( CMI).' I n his 1971 p,ape " Sali s bury

id e nt 1f ied 21 t e rms de a ling with comput e r s n edu cati on .

Today, t he r-e ar e pe r h,aps ' man y mor e .

./ ". ~...;
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~ ,,, e n t1 y . cdmput e r-s (ml"ocompo,e". m l ~ i co m ,"'e" .
a n d ma'1n~ame ' comput e r s ) a re us e d fo r instructional and

\ a~m1n1s trat1ve purposes (Ht r s chb ubl , 1981) . I ns t r uc t i o nall Y\.

' t hey ass ume. impgrta nt ro les 1n dr il.l l and / pr ac t i ce.. ' : ut o!"f a l ,

s i mulat io n , dia logue, pro blem solving, testf n.9 pu rposes,

te ach in g computer science a nd lit€ra cy, and for in s t r ucti ona l. .' ; ,
me ne pemen t • AdministratiVe us e s i nclude record and 'd,ata

kee pi ng, and acccunt t nq.

Furth lil r d1vision of t he com p u t~r's 'i ns t r uc t i ona l

ut ility f nt o direct i ns't~uctlona l ac t1v1t{es" an'd - instructio nal

_~a n ~g e m~'n t h a ~ beco~e C O~ni ~-np l a c e .< Th ~ s e h ave' been ~fde lY :_ - .

t~ rme d CAL· and CAl ,f o r t he i nstructional ro les" while CML.

and CMI are acronyms (or i nstructio na l management. As

Hunka ( '1977 ) st-;t~;-t~Ull.I e r-e es se n t t el l y synonymous,

'~ s ar .e. . CHl and CHI. ,.eyond . t .h se b.r.oad .~it l.es , . pa r ti.C U la r.1Y·
w.ha t co nstitutes CA l (CAL) a n CHI ( CHL), disagreeme nt an~

, va r h t f on pr e va i l. Zinn (l 8), fo r e xample. fo llows t he

(1977)· American Natfo n,a l Associati on of Users of Compute r

Aids to Lea r ni ng (NAU CA L) c lassify ing scheme and includes

' l eaq l i ng abo ut . with, and thr~:Ug h 't h ~ ' c om p u t e r under t he"

CAi. hea d i ng , wht -le comput 'er ma nage d' l ear nin g .t s viewed as
. . .

" lear ni ng sup por~ , systems" e~t~n1passing 'comput er managed

t n's tr-uc t tcn •. guid a nce, and materials ge ne r a t i on. Rushby

( 1979.) defines CA L as ' "teach i.ng wit h the aid of a ' computer ­

bu t ~'d ~ e s not c o ns1 d.~r ' l e a r n i ,~ g "abo u t " comp'~ters (e .g: .

co mpu-ter . s.c 1,e nce st udie s) an e l ement of thls a r ea.. .
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" Smyth e a'rid Lov a tt (1979) use Hoope r ' s ( 1978) te r lll1nOl ? 9Y

and de ft ne CA L IS 'us 1ng t he- com p u t~ r as a - l ear ni ng resou ,:ce­

'and CML as t he - Illanagement !Jf [ ee r nt nq '" , ye t fa il to ' ex p la t "

c l ea rl y j us t ~ h at ~h es e t e rms gleAn. Rus hby '( 1979) fu rthe r

sugges t s t ha t over la p be t ween CAL and , CHL sy s t ems oc curs

• s i nce , both 'conta in i nst r uct i ona l and t nst r uc t tc ne t

manageme"nt fu nc ti ons .

le'a ~t t wo 'aut hor s vt eveduce t t oneI co mput ing as

be j ng d t v t ded jn to ' le arni ng wjth -, ci~b o .u t , a n d through - the ­

compu't et ( Zi ," ,1978 ; Braun. I·1984 l' ', ' For 't h,e purpO SE!~ : of

this' pape r it 1s',' ,con ven1e nt to ca"t ego-r'ize the broad ter ;'; : '

comput e r esed ~·d uca ~ion · _(t B E) . or e du c ~'t 1o na! ~o m p u ~1 n g ~ . ~

. i

. i

. . .
' i nt o. t he dh t fn ct are as of .i ns t r uc t i on ·and admi nis .t r a t io n . ·

based on ' h o~ ~ h e "conput e r is app l1e d i n ed uca t i .onal

sett in gs . The t ns truc ti oria l 's t r a t egy (_C Alo r CA L) may be

fu r t h e~ df vt eed t ntc ' ''rn' ng t hroug h ; he computer , wh'ch -. - '---'-. . .
1" in c lude dril l an d pr ac tice . t ut od a l . , dlal ogue ..- simu l ft i on.

and te Sttng ~· ·wtth c6mpu·te rs . or ' le a rn e r c ontr~1l ed ' c o mputtn g'

whe r eby th e student solv es l ogi c pro blems via "coeguter

p r~g.ramm i rrg L an d · about c OIi Pute r s. ' Wh iC~· ~ n c 1U d e computer"

l i. t ~ ra cy 'cour -ses , " c ~m p u te r scie~ c e an d da t a p·r oc~ s~ i .n9

cour se s . Thi s ~i e r a rchY is s fmi l ar to . ~h a t s ugges t ed by

Braun ( 1984) and th e NAUCAL, as r-epc r t ed by Zinn ( 19'78) .

. ',1:'"
.-~~-.':
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'""A n Historical Overv ie w o f Computer Bas ed Educ a ti on'

11

'0'"
The cu rrent-wa ve of e rrt hus t a s m i n co mputer" ba s ed

edu cati on may y t~a~e d t o t hetl ate 1 9 5 ~' 5 (S uppes & Nac ken ,

1978) . oe v!!) l'pment s 1n tran s i s t ors co upled with res earc h in

pr ogrammedf earn in g and tea chi ng- m-ach 1 nes 1nsp 1r ~d . e duceco r s

t o s itek ne'w met'h ods wl t hre s peet t o de l ive r i ng in st~-lJ ct 1 on .

~~ \"957 .. : ·c ;mp 'u t ~ ·r s, w e.r e tie i ng used on. a :~ uc~ g ;'~ater·.
sca le ' for, gove rnmen't and bus in es s purpo ses 'and soon ' coll ege s .

b ega n ~ tl '1 '1 'Z i n9 , t h e~ \ t o a i d i n ~ e s ; a rCh.l'and · a dm i ni~ tN'~iv e
dut l ~SI ·a s _~el1 ·a s ;-;tb je c·ts ~ f s t udy . Th e 'c o~pute'r i"ndust ry ',

us e d th em t 'o }raf 'n ehe tr own' pers on ne l (S uppe s & Ma··c~ e ~. ·

~ 978 ). Edu c a'tor s l iterat'e in.th i .s new" te chnolo gy " s ~w

comr ute rs a s a me a~s : of ·ac h'i'~vi n g .o~e of ed u c at i~n l~ '

. fundame nt al 'goa ls .- t nd t v tdu e l t z ed iV.:t~~cti on , {Sce nLon &

-~.~-- e - - - 't o n'n o ll y' ~ 1974') ; Research . in t he in'struc t 1ofi"al a~ p l ic a t i o ns

of co mputer s had be gun at the un ive rs ,ity of ,p linois a nd by

1959 a ccmpute r t aed i ns tr uc t io n sys tem t o be us ed f or

w1~e~p~ea d .inst·ructi o n al pu r-pcs e s wa s install ed . I't was

ca lled PL.ATO .. a.n .ec r c nyn f or Pr-c qr-emme d Log fc a nd .r e ec htn c

'h'rJe r a t i ons ' (Bake r , 1975) •.

At' this t i me o ne of the maj or 'e f ns of tndu s t r ywe s

t o impr ove ha r dware fr om an e c onomi c s ta ndpo in t and de ve l op

' 1a ng:ua ge s whi ch .c ou l d be us e d ~y .t e aCh"e r s, an.d oth e.r

' e duc a to rs (W ~'t son , 1972 ) . R.~sea rch by IBM 1n .t h.e: ~ a te

1950's "l ed to the de ve l opmen t o.f .e n authorin g' l a nguag e , .

Cours eware 1 : howeve r . it s l .ow level ( ma chine oriente d )
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nature made i t far remo ved from the p rogramming skills of

the a ve rage tea cher . I t~ wasneve ~ theless an impor tant step. ,
towa rd p.he p r o d u~t-~o f an eff ec tive time sharing sys t em

( Bla is de l l . 19 76 ) . Oth e r work in eu t hcr languages was done

by t he Sper ry - Univ ac Company. The ~r goal was "to des i gn .a

CAl system, inc·orpora ti ng /I hi gh le~'el langua ge whi ch c ould

be - us e d. by educat~r s , t o de v~el o p c.~~ r s_~wa re . In M "a nd
. . 1 . . . . . '

re se ar chers f r om St anto r d ~fli vers1.ty were also , e xploring the

pote nt ial of the sy s t~m 1500 . II neW\d~ Yelopment whi.ch wou ld

co nt ai n innovati ve har dware su ch a s 11ght pe ns . advanced

c e thod et r ey tubes ( essent1a~2L T. V. monitors ) a nd an aucU.o.

fee tur-e . ~ ."

Consi dering however , the e mpha si s p la ced on

comput er ized in s t~t~n--;-..it s ' w i d e s ~ r e a d use by educato r s

was 'b-e1 ni( h'h fd,e reh by ~ ev e r:'j fa ctor's ' (Br'aun", 1977 ;

sc~~ lo n i.' cori~9 11Y, 1 9 i4') ~/
L /~o s t . Few ed u)atio'n,al tn s t t tut tcns coul d afford

. . " I. .
~~q~ce).Y a computer ~lu s per ipheral he rdwere :

, Su, ch , .a t,iel~ty pe m a c h1 ne~. Furthermore, ...

'\ sta t'rr,rfgwas expen s tve due to s ca rce well- .

,'t r a i ned perso~nel ' ( Hir s chbuhl , 19~~ O ) .

2. " 1 1 1 it e r a c y ~ The vas t majo rity of educa torS were

C?,~p ute r t tf t t ere re and, i<'new, l t t tl e , if anyth 'ing ,

" about ..the' p~tent1al 'of 't he c~mJ u te r -for

1nst r u c t ~o n a 1 pur poses .

"
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3. Pr oce s s i ng .r e chn ol og y. "Batc h t i me " was t he

common f or m of 'compu t e r proc essing and its
. ,

inhe ren t disa dv~ntage of de la ye d feedba fk made

i t ineff i ci en t (Brau n, 1977 ).

4 . Co u~seware D~ve lopment. For , t he educator:

p r oduc i ng co ur sewa re (CAl ' less ons ' i n t he f o r m- . ,
of a co mpute r prog r a m) wa.s n '~ t qnly ' ti me

c o nsumin g bu t . 'diffic ult a s well.' si nce high

le vel ( Eng'l 1sh ' or1 erit ed) a u t,tior lil ngua ge s .we r e

none xi,s tent . ' The r e f or e , mcs t compute r 'bas e d.

l e s s ons were ' o f tn r e r tcr- Qllal, i' ty since t hey

were "de s i gne'd by. c cmput e r prog rammers ' Wh.o ofte~
. ', .

l a cke d ed uc~tiona.1 bac kgr.ounds (Blaisde ll , 1~7'6) " .

Despite gro wing c r t t tcf sm. t ha.t the computer woul d.

dehumaniz e soc i ety , re s ee rch ' i n compu't e r- ba.sed edu cation '(CBE)

conti nued ~o exp and i n the 1960's, with , t he hel p of t he ,

.Amer,1c a n Natio na l 'Sc'f enc e Founda tio n (NSF) . and educ a tiona l

t ns t t t u ti on s su ch as Dartmo uth College ; Massach usetts '

I ns t i tu t e. of Te chnol ogy (,MIT) , Pe nns y l va nfa State univer,si t y,

The Unive r s ity of ,Te xas , a nd t he Net't o ne I j echnt cel Ins titut e

(Von Fe'l dt . ·~9 7 9 } .

I n t he m id - 1960 '~. a numbe r o f de vel cpne nt s vcccur-re d

whi ch pr ofoundl y t ntluence d the su t ur-e of CBE. The

e ppee r-e nce o f chea per , more efficient mfnt cpnpu r e r-s , capable

o'f " t t',~e, S h ~ r i n g" i r educe d co s t s s U b~s t a nt i 'a ~ lY' by pe rmitt i ng '.

a' number of use r -s t o acc e ss t he . ccmpu te r s'1mult aneou s ly , No

""".
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longer was it necessary to wait extended periods of tJme , for

r e q u i r ed f eedba c k ( ba tc h time processi ng) as persons ~.e.re_ :/

now "on' 11 ne" , - t hat is t hey had di ree t cominunlca. t i on

w1th tlle-~centra~r,ocessor (computer ) via te t e trbe or

ty pewr iter. '~,

Publi ca ti on ofithe Pierce ; e po r t fn 1965 wes- the
,,'

nec essar y 1mpe t us needed to ' f ncr-ease CBE research . Th·is

pi!.per recom~nted . grea t~.r emp~a .si S 'by t ,lle U.ni ted St~t'e~

gove r nment f.n t he J ns tr uc t tcn al uses of computers f or

education . In"r e spons e , th 'e unt r e d-s t e ue s Nattona l Sc'feMe
- . , ,

Foundatio n supported t he f undi ng o(a n umber of CA'I prode c e s •

f nc'1udi ng : .-.:..,

1 . PLATO. •( p'rogrammed logic a rid Tea~h 1ng 'Oper a t i o ns).

Today , PLATO 1s .per.ha.ps the l a r g e ~ t C,AI netwo r k f ~(
opera tio..1A t't.s ,ext 7nsive co urseware (instJ'uctional

so ftware" - 1s markete d by the Contro l Data

Corporation fo r Cana d'1a n a n d Ame r ican ,educationa l '

1ns t.1tutio ns . Furthermore . much courseware has

bee n adapt ed for ~se ' wi t h App le a nd otbernt c r-o­

com puter syste ms (Cro ne. 1982). rhls step s hou ld

further encou rage' its pro lfferat"{'on th ro ug'hout

ed uc atto na l e nv ironments .

2. TICerT. . Lrt ne Share'd In teractive Computer

Contr~lled I nformat ion tetev t stcn ) , This system

was deve loped as a joiiitO'pe rat lon bet ween th e

Mitre c~rporat 1o n ,a nd the Amerfca n N~ tfona l
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Sc ience Foundation and presently combi nes

compute r and t el e vi s i o n tec h nologie s 'f o r

~ l !, s t r u c t i o n a l ' d l! lt ~ e r y (Bar ke r, .!!:9 ) ..

3 . Pr o 1ec t l OGO. Und~r th e cti re cti o n 01- ? eymour '

Pap er t a nd th e lOGO g r o up a t Massa chusetts
. "

Ins t itu te of Te chnology (.M IT) . iI f amil y" of..
. language s' hCas -bee," de ve l cpe d .f o r use :D.y 'young,

'ch i l dr e n . Proj ectlOGD '.has . r.ece1ved ' c o n S 1 d e ~ -
. . . \ .. ~ : : . . ..,

a bl e · ~ ,t ~ en tl 0n . -~ec e n .tl Y . par: t i.t.ll l.a r ly . w ~ th .'.

res pect ~o ,~ d v ~nc ed .t he of i e s , of cccnt t t ve

deve lo pmen t ( ~c Nef ll .. 1984). .

, \., ',

., '

. . ,

4 . T he. . H u n tf ngto n~ ·Comp u t·e.r :fl ro j ec i . · In t h~ la te

1960' s an d ea'rl Y I9,VO'S, ~,"aun a ~ d ~ i S i C h -; i n

ass oci a tion wft h t he Natio na l ~~le nce Found a ti on,

exp j creduhe c ompute r 's use ' a s a te ach i ng

res ource - for t he pure : s ct en ces i s oc'ia l " s ctence e ,

and la n"gU age s: ar t s . Braun (l 9} 9) cl aim s t he

Hunt i ngto n Comput er ·Projec"t · w,ls us ef ul [n

de s 1.gn1ng a mode l for cou rs ewar~ d eV~ lopme~t

"and i dent H yil)g t he ~ a l u ~ 'o f s i muht1o r,s i n '

r- eeu c at tc n .
>.,

""\. Edu ca t i on al 'c omput i ng i n Br ita in ~ a s a lso be en

c ha racte-r ized by l ar'ge sc e t e r e s ee r-ch a nd 'de ve l opme n t

p ro j ~ c t s i-:- These 1ncl tlde : ,- , • , '.

L The Chel"sea Science Si m u l~t1 o n Pr oject rcssn. : . \
I t "s .p ur pc se was t o design "a nd p'rOd u ~e dis cove ry 'ba s ed

\ ' . - -' , ' "
'sc i e nc e , expe rimen tel S 1mu 1a~1o"n ,ll) ate r 1a l s . , .' p r o ~ e ~ t
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" de vel c pe e n t began in 1971--a nd ce as e d in 1976; however .

mater1al s ere st ill .ma"rke t ed by the Edward Ar nold

Co r por at i o n.

2. •The Nat1'ona l Development Pr ogramme 1ft Computer
J As'Sls t ed ,Lear n i nq (NDPCAL) . '

Per ha ps. the :m:os t fnfl ue nt t al o( 8ri tlsh coaputer

e s st sted 1'~arn1ng "-~ rO j~ c ts. '; h'e" ~O PCAL deve1 op'ed well ' _ :

conce i ved' l~arning mat er "{al s .t n .most s ub ject er ea's
. " . ' , " , , " ' . ...

(Smythe and tov.a.t t.1979). H,a vi ng .eommenc e d In 19 73.

th'e NOP C~(' was ' t e r l\l i n~ted _1" i9Si . .' .
3. c o~ p ll t e rs " in "the ' Curr iculum Project (CCP).

'. , Under the d irect i on of "R. 'l ewi s ' t he · C c P:. i .n v e s t 1 g a ~·e d..

. . . . . .
s ten d et ene , ·re l a t 1 v e l y _ 1 n.e ~ p e n s 1ve· ar~Cp'ortable ~ l c r Q.~ ,

comp u t el'S Wh1'Ch are ' now mark;ted by venders' :,: such as

!'nter.natlonal Busines~ MaChi'tle s, Tandy: Elect'ron-1~ (Radio. ' ....
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Sb ac k ) , the Commodore Company, and Apple Li mi t e d . Supporting

the ava i lable ha rdwa re i s a lso a large supply of i ns tructiona l,

a dmin i s t r a ti ve . a nd l eisu r e softw are from commerc i a l sources ,

though a uthorities are l e s s than favorable about its qua lity

a nd i ns t r uc t i o na l appropriateness. Some recen t literature by

Dean (1982) and Bark (1983) c lear ly re flect this belief.

I nst r uctio nal Us ag e

I . Computer Assisted Instruction

Ln s t r uc t t o ne l l y , the microcomp uter may be used to

1 e ar n a bo ut . wi t ho an d t hroug h comp uters . The s e t h ree b r o a d

app lic at ions su bd ivi de into specific areas of stu dy as

out lined by Zin n (1978) .

1. Learning about the computer

(i) Comput e r l ite r a c y . In North America. comp u ter

l i t e r a c y i s t he f astes t g r owing area of comp u t e r

lea r ning (Joh nston , 1985). It i s the study of

computers , t heir func tio n , and effects o n society .

(ii) Data processing . The computer is used to perfo rm

operatio ns on data a nd ac hieve a des ire d o ut put.

( iii) Compute r scie nce. Th e s t udy of com put e r system

mai nte na nce operation a nd techno logy , as well as

computer literacy , awareness, and programming.

(iv) Persona l comp uting . The family use of micro ­

c omputer tec hno logy for pu rposes ran g; ng from

elect ronic games to tax preparat ion.
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(v ) Inservice training/Professional development . In

this ro le. the microcomputer t s a vehicle for

skill development and training. Recently, computer

t ns e r v t ce and extra service programs for teachers

and administrators have gained popularity to keep

educators abreast of technological and instructiona l

changes.

2. Learning through the computer

Historically, the main thrust of research and

development;n CBE has been;n this area (Braun, 1984; Zinno

1978). In its tradit ional role, the computer is a vehic le

for instructio n in several ways .

(i) Dr i l l and pract ice . In this mode. the computer

assists the learner acquire mastery of previously

learned mater ial ; however, no new stimuli or lessons

are presented. Hunka (1977) has desc ribed three

dri ll and practice mode ls or s ub-strategies . These

i nc l ud e a random model whereby exercises are

presented in a fortuitous manner; a fixed model

which presents the learner with a limited set of

problems; and a mixed strategy which incorporates

characteristics of the others. Whatever format is

used. the computer assists the teacher by drilling

the learner in previously instructed mater ial.

Many drill and practice programs are available

particularly in the areas of language arts and
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ne theme t.t c s . Notab le vendors in clude th e Control I
Data Corporation w~ i C h -markets PLATO educat fo nar

materials for l ar ge ne t wo r ks , as wel l a s t he Bell

a nd Ho we l l tompa ny .

(ii) . r ut cr t el . This strategy i s tns truct t cne l l y broa'd er

than d r ill and practice as tu t c r t el s provide

i ns tru cti o n in new mater ia l , tes t co mprehension

t hroug h questions , fo r mul,ate fee dback , an d ,r ecommend

s upp leme nta ry exercise s; i f nee ded • L'l ke d r i"l1 and

pr a c t i ce , the computer cont rols -t he activi ty whil e

t he t~ ac her serves asa n ;xterna l ' so urc e shou'ld

system or compre hension p~o'b ie mS' e as ue . Many

eu e cr t e t programs are be sed ' on an option or,

"branchi ng" strategy whereby materia l for pr e se n t a ­

tton de pen ds o n l e a r ne r cha r-ec ee r t s r f c s e nd

behav ior: As ' Wq t s on (1972) s uggests" s uch a method

has gr e a t potent ia l to f llrly -itldiv id ua l ize

in s t ru c ti on .

Tutor,1a\ ~rograms exist .~ n a large sc a le

t hrol.lg hout Nort h America a nd,'t he Unite d Ki ngdom i n

etos t ~ ubject. a r e a s . . Hunke (1977) l is t s severa l

whi ch have bee n- deve loped i n the f ield of medic i ne

; a t t he Un i ver s ity of A'l berta . The s e mct ude

~~ which i ntrod uce; th e l ea r ne r to hear t '

murmurs, Fr ench , de s t'q ne d for the begi nn i ng Fre nc h

studen t a~gr~ de ','t e n 'l'e ve l , a nd CAl p r og r amm ing,
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whi ch tuto rs in t he IBM CD URS EWR IHR a ut horing

la nguag e . I n Bri tai n, the MOPCAl progra lll has

'pr oduce d cel ebra ted tutorials in lDathematlcs ,

wh1le . the Comput e r s in "t he l/I1dergraduate Scie nce

. Cur rt c u lu ll P r ~ject (CUSU). unde r t,he ~ lrectto n of
J . McKenzie a t the Unive r sity College l ondo n , ha s

"ma de avai lab le mate ri als i n'l\ost scie nce c u r r ic ula.

PLATO an.d Tl CCIT. Ame r ica n. CA L s ys t ems , hav e a lso
" .'

ge ne r a t e d t uto r fa l prog ra ms , some of whic h a re now

mark e t e d b; 'mi c r oc omput e r s of t war e' houSe s . For
. . ,

e xeep l e , Al tos C,:,mpu t e r Systems, and Jntel l1gen t

Sys tem s ·.Corp o r a t ion r etai l accounti ng and word pr -o­

cessf ng and comput e r t ra ini ng programs re spec't t ve l y .

Dial ogue . Throug h dfa-log ue, 't he student a nd

microcom puter cc eeunf ce t e tn an uns t ruct ur ed ,

~ophtstfcated ~a n n e r' th rough t he use . ~ f na t ur a I.

la nguage . I ns t r uct i on, testing, and feed~ack ar e ,111

e l eee nts of CAL d1a' lo gue , but. unllke tutor ial and

dr i l l "and practi ce pr ogr ams , th e computer is

prog ramllled to accommoda te ,1- broad ra nge of stu.den t

res pons e s s uch as "e x t r a neo us use ~ f languag e ,

ensw e r s 1n a va rIety of order s , and i nco r r ect

-"spe l li ng and sy n t.aJ:t . A maj or ,d r~ w b a c k ' o f dial ogue

!S th e o n e r~, us prog r.amm1,.~,9 re q ~ i .r e d t o.•pr oduc e an

effect iv e un H . One ,l~r g e a nd t omple x d Ial ogue

" pr ogram 1$ SOPH1 E de ve l op ed by Br own, Bur t o n a nd,
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r:

ae t l . 1Qf.!!.!.I attemp ts t o tea ch- s t ude nt s how to

"tro~blesh o o t " fa~I.ty e l e c t r 1ca l equipment by

. answ.erfn g questions. suppl ying ne ce ssary dat a, an d

cc s munt ce t tn c 1{lformathel y with the learner.

Pr essma n a nd Ro s e nbl oom (1 9 84) s t a te

relati vely few microcompute r .be se d di a lo gue pro gra ms

exist • .lik e l y due 't o pro g r amming compl e x iti e s . 'A, .
more , 'r e ce nt i nnova t ion i s oral dialogue between

learner and cc mput.e r-vbu t co sts s t 111 r emain

proh ibit i vel y h i-gh'far se r t cus t ns t r-uc t t cna l

.'. applicati ons . ; •

Test1 n!i . M1 crocomput~rs may also "a s s is t wh-h_( h)

testing :"and eva luat ion . For- instance • . diagn os tf c

te s.t\ng i s helpful to i d~ntifY stu~ent knowl ed ge

.a nd skills pr id' r to tns truc t tc nvhence, ass ist ing t he

t ns t ruc ter in goa l f o r mat i on a ~d l e s s on. prepara t ion .

Formati ve testin g is usefu l dur i ng drill and

pra cti\ce . tutorial. o r dialog ue mcde s" to a s se~

compr e he ns t cn and under-at e nd tnc . A· mi c ro comp'u t er

1 ~em bank' cente tn st e pr e- del e rmi ne.d number of

question s which may be displa yed pr i or t o . dur !ng .

or af ter tns t ruct t on . A more s opn t s t t ce t edme ehcd

invo-lve s the 'comput e r generating items random l y.. .,,-
. thus avoiding repetition . Computer base d testhg

hi!., pe r t f cu l er ad vantages over tra~it ion .il. pen and

pe pe r me·th~ds. For e xample . tes t items .and thei r

i ~
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o r der of prese nta t io n are hidde n and eva luation a nd

feedback are immediate. A major dis ad va ntllge is
the di ~f fculty i n ac commoda t i ng "free " (o r open)

respo nse i tems - ill word sente nce . f or ex ample , s i nc e

the a uthor must antici pate pctent t e l answers . Hence ,

fo r mic ro computers multiple choi ce, mat c hi ng. and

true /fa lse item.s a re s uggested.

3 . l e a rn i ng with th e comput e r

In t~fs mode. t he ccapu te r or microcomputer is used

for educational ga~1 ng.• -vor-d pr~cess ln9 '~prob lem solvin g. as '

a s teu te tcr ; a data base, and, an a i d to assist t nbeu r t s e t c s

{or d f .sc-~v~rY le ar ni ng? : sever~ l autho.rs. CJ.a. i m the g,{.a,teSft,
rewa rd f ro m computers, cog nitive de vel o pme nt, lies i n t his '

app li cation a s the comput er fs'p:ontrol l'~'d by t he learner .:

and not t he lear ner co ntrol led by t he compute r (Pep e r t , 1980 ):

( i ) Educat ional gam'ing . Educa t ional gaming is a r e ce n t

a pplication of t he c ompu t e r . The compute r and t he

l e arne r e n,gage" fn ·a compe t t t tc n with lea rni ng and /or

sk 11l de vel cp a en t va s ut t t mate goals . Br au n, -(I984 )"

c f ef ns t he l .e-a r ni ng potentia.] t 'h r O ~ g h "ga rnin.g" ' s

la r gel y untap pe d an d "onc e t hei r potential i s .

realized, th ey Will, pro vide ric h. Ie ar n tnq -e xpe r t ence s,
f o r s t ude nt s" {p . ,11 3) . A typ ic a l app lication of

,
gami ng may be f ound a t 'th e unt ve r s t ty o f Pf t t sb u r-q,

Engaged ,In a' s te r- we rs type co nflict . l e a rn ers mus t

app ly laws of tr ig o nometry on' p r oje ctil e fli gh t and

an gl e setti ng t o dest roy ' t he e nemy.

"
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(i 1) Sfhru l e t tcn s . Si mU, "a t to nS/m Ode l r e al . WO ~ l ·d events .

Taws. or ot her phenomena which would otherwise be
1

1mprac t,ical t o en:ount.er .1n r e a l ity. They may exi s t

a s "s t a n.d a l o ne" project s or be . inc o rporat ed t n

o th e r CAl stra t eg i e s suc h as t ut orh ls or dia l ogue .

Si mula t io ns (o r elect 'roni c mode ls) a r e attrac ti ve

to ed uc a t or s f or severa l rea sons . First l y, as ­

mo ~ e 1-1 l ng agen t s ' . they lil i~ 1 c wo'r ld ev e nts whi ch may

be too dangerous I cost l y, o:r dHf itu lt t o encount~r .

Ty p ica l ,exampl e s i tic l ud e ope rat i r'rg a nucl e a r p o we r. .
plant or ' p11ot!n g .a n. aircraf t . Secondly, as a

dyna mJc . (act ive ) system • . t h.e lea r~er must "i nt er a ct

with' the 'pr ogr am - a n a"ct iv ity whtch enc cur-ases " th e

de ve l opment : ~ f hig her orde r "fntelle ct ual s k il l s

( Wal ke r , 1983) .

( L1Pson endL t cs cn ( 1980) 's t a t e t ha t s 1mulll.t·ion s

maY/be created for most, if not all . rea l wor ld

phe cnena and ci t e popula t ion growth , politica l

ne !lfti ~tion, and chemi cal rea ctions as exampl es. I I n
~ .

the pa.st.' wj:! ll re ce ived simulations heve been

de veloped by membe r s of t he .la r ge r educ ational

computer projects .. Some e x ~mPles i nc l ude .............

,I nhe r itance by the Briti sh Computers f n the

curr~cuium p.ro jec't and R.!i'by 'member-s of t he U.S .

ba sed 'Hunt i ngt on Computer Prcdect . A commercia l

cur'rent si mulat ion . for microcomputers 15
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. p r O j e c t i ~ e Mot ion WorkShop by Hi,gh Tec h no logy

Softwa re Products I nc . The program illustrates

projectile motion unde r the inf luence of g ravity

with t he provision fo'r l e a r ne r i nteractio n' t hroug h

mani 'pulatfoO of var i o us par aae t ers •

(iii) Problem solvi ng/Data storage/Calcula to r . In t his

mode. -the ccnputer t s compL1tat:i on ,and 'st or age

capabf1f,t 1es a re 'ut il i zed to ~equce t1me a nd

ef fort on "o t he r wl se onerous tt'sks . . use d "as a

ce t c ut etc.r , vas t amounts of ,da t a may be manfp.ula ted

.t n m~cro~ econdS' _~s i n g :co,mpl e ?<- fo· ~mul a s ._ I n th e

pr ob-ten so lving mode , the us e r devel ops prog rams :

for t he compu ter Of' uses t ho s e marketed commercially .

(1v) Creative a c ti viti es . The computer is now II medi um

f o r c re e t-tve ex pres s to n t hro ugh a r t, music. de s t qn,

poet ry , and progr~mming . I n fa ct, t tvmay be .t he

c reatiye'·aspects of mt c r-occmp ut tnq that ad dict .l on!)

term u~~rs ca 11 ed ~'hracke rs ", Suc t! -e s e r-s . ~pe n1.

en dless da ¥s an d' nig hts .e xpl orf ns the compute r's
I ' ,

ce peb t f t t f e s and poten tial a pp licatio ns . The l OGO

l an gu age s provide ch ildren with t he pro9ramming

means to expl ore . .t he .c on puter t s pote ntia l and

active ly c rea te as. t hey wi s h .

Of c our s'e-, while "the us e s of th e microco mpute r

for teac~ ,ing pujt'Jlos.es a re ma ny endz ve r t ed , re l'es

a r e not neces s e r tt y i ndep en dent . That 15. t ~-t or1al



pr ograJl.ls may t ncl ude so me dialogue and simu lat io n.

Simil ar ly, e lect ronic models may exist a lone for

ex ampJe-l-"sim ulatl ng pcpu 'l e t tcn cha nges ove r ' tim e .

___ ': -- A s' t ec hnolo gy advances . partic ul ar ly wi th respect

to au th or i ng l anguages. most soft,:.~re may ~~ a

"sou p" . of in s tructional s trateg ies .

I I. Computer Manage d Instru c t io n ( cMIl

The c'cmpute r may al so be us ed t o as s,i s t wi t h

in struc t ion a l ' manageme nt ; A dis ti nc't'~o n between t his

~t~ategy a nd' ICAI i s t hat compute r m1anageci i. n s't r~ ct f on ' (.CHI)

··i s. ~ed ~ j) c o,6r'~i .n afe l e a. ," i " .9 0p p o r t. ~ n it i e s- . whi le " t n ·,CAI. ,

t h cQ..meute r is di rect ly. i nvolved in t he te ac hing process.
, . ' '.

. SpecifiCally, CH I may serve t he t eacher by add r es si ng

th e f OllOWing ,ta,s ks : . Recor d and s t udent data keepin g .

,.I ns t r uc t f ona l goal formatio n. Guida nce an d se l ec t t en of

l ea rning e vents and materia ls ; Assessing and eval uat i ng

l earne r pe r f or mance ; lns t r-ument co nstruc tion - t es t s /

a'tti tu de s zs urve ys .

A simp lif ied CM I program may proceed in the.. .
(oll owin g man ner. St udents are assigned lear ni ng ac tivit ies

whi ch refle ct in s t ruc t i ona l goa ls . Iheyc pt-cqr e s s t hro ugh

th e recommended activ ities" a nd, de pe ndt nq upon , t heir

pe r f or aance ('!h i cf ha s been evalua t ed by the compute r), .be

pro mote d to t he next l e s so n or aSrgned remedial wor k . In

t his way. -t he comput e r has tes te d , co r rected. a nd ass igned

act iv it ies f or t he le a rn er, t hus es sfs e t nc t he t e a che ~ with
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