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Abstract®

While the use of -microcomputers continues to escalate

[din all ieciurs of society, their application f_’gfv?teacningjnd*

learning purposes in provincial and national .schonls remains

- with the committed few. Present and pasc ’I\terature wgg‘ests
3

educator unfaml’liarity with m1crocomputer techno1ogy iststill

large]y responsih]e for HHS condxtion, though other factors

such as poor cuurseware, few authorlng languages, and cost’s .

are pr‘nhibitnrs as well. 5 s s . o T

To ass1st with the task of ram111arizing a large ’Iocal
population of educators vnth the microcomputer..and its
capabilities, a mu]hmed\a 1nstructmna] package, entit]ed

1crocumguters. wa They bwrk ‘was designed and d’eve]oped by

the writer. s . b N

. D\iring the course of‘ development the learning materials

Jere! edlted, revised; and examined in preparation for a formal,

thornugh evaluatwn uf their eff‘ectweness A statistica1

’anaIysi‘s suggests the package was responslble for 30 elementary

school teachers demonstrahng learning of both cohcepts and
skills as well as affectlve improvements wi!:h respe.c.t ta
microcumputers . e
’lcrocomguter‘s ﬁuw They Work, is.now availab]e for
use by government, school boards, and other agencies respans-
ible for teacher educauon and professional develnpmenc who
wish. to 1nstruct 10Fa'l educatars in the broad areas of
microcompnter form, function, dnd instructional: utility.
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" CHAPTER 1

~ w, " . - INTRODUCTION

In a short time period of perhaps forty years, the
forwacd march of computer science, microelectronics, and

related technologies ‘has deeply penetrated most areas of

human endeavor creating widespread so'cialv, economic, and
1nte1‘lectua] change “Few areas‘af society now remam
\untauched as these achieyements have invaded business,,
gavernment, science, educatwn, and Tore’ recently, the

lhome

At the centre of . th]s metagenesls is-the comyuter,
an 1ns‘trument wm unlike any other deve'lopment, suchas *
tne prmting press or the assembly 'I'Ine. has extendsd man‘s
greatest asset - his mind. As a resuIt, society is in a
transition, moving from the clutches of the andustna’l
revo]ution tn the arms of th_)nformannn age TE i
Mbre prec‘lse'ly, it is the present day state- of the-

ocomputer with its miniscule ,s'I,Hco'n chip which ha.s_

; made low cosF. powerful, -and reliabTle computirfgila.v'aijal;le
‘_ to the pub"llc»at large. A rec?nt p'rediclticm by Pressman

" and Rosenbloom (1984) suggests even deeper permeation of

this teqhno'lugy as 60 mitlion Nurth Ahericans are expected
to purchnse microcomputers by the end of the decade

; Indeed. if present purchaslng trends continue cuupled with

* the hoards qf microcomputer hardware, saftware, t.’ourseware.




vc'hange as well. Since X975. when the first’ micrn:pmputer, 7

Jthe Altaire- 8800, ‘was introduced, these mach{nes have *

.

cou)‘se offenngs, demonstratibn fa1rs. puthations. e B fh

X cumputer clubs, and |nterest groups ava11ab1e throughput ) Se

;Cénada, the United States, Japan. and -European patiog’s,

thxs predxctmn shuuld matemahze

Just as the microcomputer is creatinj upheaval in’

sauety. the industry it represents is undergo‘lng swift

) _continua’lly decreased 1n cnst and size, yet sim11ar{y. arg A

more powerful and purtab1e One of the: few features tnat'

'has remamed {:onsr@nt is, perhaps, its purpose; that \s, b

‘to receive,_stnre. mani'pu'late, and mmunic@te infurmaHon

(Tﬂzmg & Gupta, 1982) . L . , &
.. A Historz of the Computér , . s 9

i e
Present day computer techno]ugy 1s rhe result of .a

1eng}‘.hy evo'luthm exceed\ng 30!!0 Years: The’ first widgsvread

computat(onal dev{ce, the abaths. was used tc perform shnplé

calcu]a.tions such- as addltyon and subtractian and with
greater difﬁcu’lty, mq'(tipHcatiun and div(sion Taday. N
this process 0" count1ng via s_grirlg and beads is éti_'l'l_
widespréad {n. the Orient. ' ’

'.TerHous tasks such _as census, tabu'lat1on and taxatlon i 2

fwere oﬁata'lysts for deveNpment of the earHest mechanical

ca'lcu'lators Beginning with Pasca'l and his "ratche(: gear" s s
ca‘lculator 1n 1642, the process of caﬂculatloul and ‘the v ! *
S s, ' £ ¥




science of mathematics was significantly advanced by Leibniz
and the Leibniz wheel (1694), Jacquard's weaving loom punch
cards (1804), and Babbage's difference machine and analytical
engine (Baker, 1975). But it was Hollerith in 1879 who
developed the first truly successful computation device.
With the use of punch cards and several Hollerith calculators,
the United States census of 1890 was completed within three
years - a task which previously took many times longer.

Though Hollerith's calculator was eventually
replaced by a more complex system, the digital punch card
(a thin paper card containing information in the form of
punch holes) continued to be used as a standard data source.
With the advances of technology in the 1920's and 1930's
and the demand created by an oncoming war, International
Business Machines (IBM) and Harvard University engineers
collaborated to produce a swifter, more capable unit, the
Mark I. A huge apparatus (51 feet long, 8 feet high,
5 tons), this electromechanical mechanism could perform
all four mathematical functions within seconds and store
data in memory banks - something its predecessors were
unable to do.

In 1946, there emerged a calculating machine which
revolutionized computation technology. Termed ENIAC
(Electrical Numerical Integrator and Calculator), this was

the first automatic electronic digital computer. Housed in



a framework 30 by 50 feet were 18,000 vacuum tubes which
could compiute in mil]isecon_‘ds and perform functions not
found in earlier computers. However, ENIAC, EDVAC

- (Electronic' Discreet Variable Automatic Computev;) and

-other "first genera'tion" mainframes were large, unreliab]e. )
(with its vacuum tubes having to be replaced every 7 or 8
minutes), cost]y to produce, operate, and difficult to
program. As we]],sdata were processed in a "'batch“ fmsMnn;
. that is, users were not "on line" (dlrectly communicating)
kwith the host computer.,but were required to have the1r‘
programs or data delivered to the computer Ustal'latiun for )
proce’ssing, mychvas one delivers photographic film to a .
deve\)opingj faciiity. Such a mode had particular disadvantages
as S'Iedge (1979) points out: ’

. Programs could be sent by post, by courier,
or delivered personally by teachers or
friends but the essential feature of -such
an arrangement was usually that it was
self-defeating because of the delays- -
involved. After all, the speed of .the -
cnmputer can hardly be demonstrated by an-

3 arrangement that takes days. if not weeks,

o to’ produce the results. .. (p. 6)

The appearan‘ce of -the transistor in 1947 was a
sl'gnif‘icant departure frjom vacuim tubes. This tiny
amplifjcation device (no larger than a dime) was smallef,
-more rAhahle. and hlgh'ly efficipnt compared with its i
predecessor and soon was used by industry for producnon
of the “second computer generation". These mainfrane

compiiters, as they were -termed, featured a. reduction in




cost and size OVEM, and were inhe‘rently more powerful
- reflecting the advantages of microelectronics.
Paralleling these hardware deyelopments were
improvements in computer utilization, particularly the
ddvent of "time-sharing". In the t%me shareld mode ,
multiple users pseudo-simu}tanenus‘]y access a c_entral
computer fac111ty through on line communications. Each
user appears to be serviced 1mmed1ate]y. though in’ fact, the
computer shares service time with all clients lln a rotating
fashjion. ' ' e
Tec‘hnol‘ggical progress in the early 1960"'s was .
v;;;ponsib’le for the advent of éhe intégrated circuit -'an
electrical pathway consisting of many interrelated |
transistor elements etch.ed on a small pie‘ce of -silicon.

These "chips", as they are-ca'l]ed". were a significant

.development, eliminating.the need for.individual

transistors withm electron\c wmponents. As a result,

!
the "mln‘lcomputer" ar the "third generation" of computers
arose. Minicomputers were robust, desk size units

characterized by rapid program execution and -a large memory

" capacity, storing anywhere from 32 - 128 K-(thousand) words.

Its cost was substantially. vl_ess than earlier moldveIS as
expensive assembly practices (such as hand wiring) were

eliminated. Furthermore, this new hardware provided

increased time-sharing facilities (upwards of 100 or more

clients) resulting in Tower user per terminal expenses.




%

Throughout the following decade, micruelectron{c
improvements continued to reduce computer costs and 1ncrea§g
efficiency and processing capabilities. Small scale
integrated circuitry of the early 1960:5 (accommodating
about ten trSnsistor elements -per chip) was, by 19?0‘.‘
upgraded to medium stale circuit integration and soon
followed by large scale circuit integration (thousands of
.transistor elements per chip) in the mid-1970s. .With these
devé]opments. the e'Iectro'niQ means Was now av'lailab‘]
deve1op1ng a H:h generation of computers.

In 1975. the first microcomputer appeared nn the
market (Braun, 1977). Buﬂt for the hobbyist, the M taire
8800 could be‘ purchased ‘in kit form for a cost of $339.00.
It was the first low cost, desk top, stand alone computing
facility available to the ‘public at large. The "new computer
era", as Barnes (1979) labels it, had arr!ved.

The current microcomputer is the f&acus of a ’

"flourisﬁing market and reflects the swiftness with which

the technology changes. ' Fcur.feiqht. \lxtee'n and th'lr_ty-two.

kilobyte random access memory with monochrome display units
and magnetic tabe cassettes were in voque.five years age.’
State of the art “micros"” marketed for bus‘*ness, educational,
.gavernm-ent.and leisure I_Jsejp'resently boast 64 Kor 128 K
random access memory via very large scale integrated
circuitry, compact keyboarﬁs. high resolution mopuchroue and
color display units with tou‘cn sensitive screens, high speed

printers, d!sl‘{‘ drive units, voice and music synthesis, and



multimedia hook-_up capability. Compared to ENIAC and its
. 1 K random access memory, a several hundred dollar
.sute-of-the-art m‘lc,rocomputey:,'and its silicon, scfuare ls“
1/30,000 the cost, 1/30,000 the size, capable of executing
programs 200 times faster, extrémely energy efficient, and
inherently more reliakhle - an impressive cost/effectiveness
ratio (Boraiko, 1982). s
‘Future’deve‘hpment's in microcircuitry and inforrr_mtium

storage augur well for furtﬁer ct?st and size ;'eductinn.s. as '
well as increases in capablf\ty, applications, @nd "user
friendliness". ' For e‘xamp1e, Hewlett—P.{nkard‘_bas now produced

L a chip accommodating 450,000 tiénsi‘stor §1ements (Brahan,
1953) “nnd researchers at North Carolina State University
expe.ct to ‘uti'lize molecular memory.for data storage the\
-near future (Shane, 1983). This Tatter deve]opme’nt Qy ma‘l e
the chip obsolete pefore /its full potential is realized. R

N /
Clearly, technohﬁ'r al progréss in the micro- _\\
electronics and'computer'industries will further encourage Y
the permeation of computing into most sectors of society. { _{\

a By x \.
Such a development will requirg, among other things, present "~
P _require, 9 9s, p \)

and future workers to be kpow],edgeable with respect-to

computers and their applications (Bozgm‘a‘n. 1984). Indeed,
) p'rasent day p.reparatnry training for engineers,- business
- personnel, secretaries, and teachers‘open]»y reflect this
trend. ! Y .
Educators, 1r{ ﬁarticular.'.are being handed the

responsibility fo educate the learning public in computer

LI §
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(CBL), computer based instruction’ (cBI), and

Titeracy and utilize the microcomputer for instructional

purposes (Green, 1984). Amid cries of accountability and

-progressive education, such tasks -must be iccepteh willingly

and with understanding. . L

)
Present Computer Applications in Education

_As stated previous'ly. computers and particularly

microcumputgrs and associated paraphernanu are being

marketed and purchased on a scale unheard of in history.

Th‘e field of.education is no Aexceptio-n io this trend as

"micros" are permeating schools, central offices, and

col'leges to asslst‘ with instruction, instructiuna’l management..
and administrativé tasks (Pressman & Rosenbloom, 1984).

©+. The terminology to describe thesé applications is
widespread, but varied, ‘and ;ppedrs to have evolved as the -
industry found greater épplicabiH_ty for the technology.
Presently, the litetature is flooded with termi‘nology and
acr‘onyms,to describe similar computer Applicatians (Moore &
Collins, 1979). Some include computer aided 1n‘truct10n
(CAI),_’computer administered _instruct!on «(CAI), computer
assisted instruction (CAIL), c;'lmpu.ter aided teaching (CAT),

computer ma.naged Jearning (CML), computer basg¢d learning

managed instruction (CMI)." In his 1971 papef, Salisbury
identified 21 terms dealing with computeérs t

Today, there are perhaps-many more.



resently, computers (microcomputers, miﬁicomputers,
and ma‘inf\:dme computers) are used for instructional and
]administrntive purposes (Hirschbuhl, 1981). Instructionally,
they assume important roles in drl]] yand/practlce., tutov‘lal,
simulation, dlalogue. problem solvmg, testing purposes.
teaching cumputer sc‘ence and Hteracy, and for 1nstructluna1
'management. Administrative uses 1nc1ude record and data i
keeping. and ucuunting
Further division of the cnmputer s instructiuna’l

utility dinto direct lnstrncnonal actwvtws and-instructional
manaqement has hecome commonp'lace These have been w1dely
termed CAL-and .CAI for the instructional roles, while CML
and CMI are acronyms for 1nstruct1ona'| management. As '
Hunka (1977) states. C’h\u Al are essennal’ly synnnymous,
.as are .CML and CMI. Beyond these broad titles, particularly
vi,hat constitutes CAI (CAL) and CMI (CML), disagreement and
_variatjon prevail. Zinn (19’78), for example, follows the
(1977)- American Nationpl Association of Users of Computer
Aids to Learning (NAUCAL) :l;s;ifying scheme and includes
learning about, with and thr‘o“‘ugh fhé'cumputer under the” o
CAL heading, while computer managed 'Iearning is viewed as

_ "learning support systems" entumpassing camputer managed
instruction, guidance, and materials generation. Rushby
(19A79) defines CAL as' "teaching with the aid of a compntgr"
but;'dnes not clonsld‘e‘r 'Iearnipg "about" computers (e.g.,

© computer s_cience studies) as an element of this area_.'
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" Smythe and Lovatt (1979) use Hooper's (1978) teminnlégy

and define CAL as using the computer as a “"learning resource”

and CML as the "management of iearning". yet fail to‘expli{n
clearly just what these terms mean. Rushby (1979) further

suggests that overlap between CAL and CML systems occurs

* since both contain instructional and instructional

management functions.

least two authors view-educational computing as

being divided \into learning with, a_"bouh and through the
computer (Zi ‘."!978: Braun,'lQM)._ For ‘ch_e purposes, of
it is convenient to categorize the broad term

compﬁter ased e‘ducation (CBE), or educa‘t‘iona]\ computing,

‘into the distinct areas of instruction .and administration,

based on how the computer is applied in educational
setting‘s. The instructional strategy (CAI or CAL) may be
furthe‘r divided into ledrning through the computer, wh|c7h77
include drill‘ 'and practice, tutorial, dialogue, simulation,
and tedting:"with computers, or learner controlled computing
vllre‘reh.v the student solves logic problems via computer
programming; and about computers.'uhlch {nchide compu’ter
literacy courses, ‘computer science and data p‘rt‘:cessvi'ng
cauv“ses. This rgierarchy is similar to t'hatv suggested byl
Braun (1984) and the NAUCAL, as reported by Zinn (1978).

.




“An Historical Overview of Computer Based Education-

Thé currentwave of enthusiasm in computer'based

education may? craced to the-late 1950's (Suppes & Macken,

1978). Develgpments in transistors coupled w1th research in
programmed ﬂ{:rning and teaching- machines (nspired educamors

to séek new me':hads with respect to delivering lnstrvction

By 1957. computers wére being used on a:much greater.

scaTe for, government and business purposes and soon colleges

began uti11zing them\to aid in research and adm1n1stratxve

vused them to crain the1r own personne1 (Suppes & Macken,

1978) Educators 'Ilterate in, this new technology saw

umputers as a means of achlevmg oﬁe of educatlon 8

fundamenta] goals - individualized kstruct1un (Scanlon &

’dutles; ‘as %ell as subjects of study. The computer xndustry

~Connolly, 1974) Research.in the instructiofial app'l'icatwns

of computers had begun at the University of -I11inois and by

widespread .instructional purposes was installed.
called PLATO, an .acronym for Programmed Logic and Teaching

‘Sperations’ (Baker, 1975).

1959 a computerized |nstruction system to be used for

It was

At this time one of the major aims of industry was

to. improve hardware from an economic standpoint and develop

-Ianduages which could be used py teacﬁers and

‘educators (Watson, 1972). RQFéarch by IBM in

1950's led to the development of -an authoring

Courseware I; however, its low level (machine

other

the late

language, .

oriented)




nature made it far removed from the programming skills of
the average teacher. It was never‘the]ess an important step
toward ;he produtt‘%ef an effective time sharing system
(Blaisdell, 1976)v. Other work in author languages was done

by the Sperry-Univac Company. Thejr goal was "to design a
|+

" cAL system, 1ncorporating a h1gh leve\ 1anguage which could

be- used. by educators.to develop codrseware 18M and - s °
researchersv from Stanf»nrd‘ l.‘)mver-si‘qy were also.exploring {hé
potential 6_f Ehe systém 1500, a-’newl déyelopment which woulid .
contain innovative ha;dware such as| 1'1gh.t '_pens.v advanced
cathode’ ray. tubes (essevnna] y -TAV.“monitors)gand an aud—ia‘
feature. ;\S-L N :

Conside'ring however, the emphasi§ placed on

computerized 1nstv7\(c nn,\its widespread use by educators
was, be‘H\/g h1ndere& by severa} factors’ (Braun, 1977.
Scanlon & Cunnqﬂy, 1974)

1. //Cost Few edut.}aticnal institutions could afford

q\/‘u‘ e pr1ce of/a computer plus peripheral hardware' "

such’as ‘teletype machines. Furthermore,
‘\ staTﬁng was expensive due to scarce well-,
trained personne1 (Hirschbuh1, 1980)
X 2. ; 11H:era:1 The vast majority of educators were
computer HHterate and knew 1ittle, if anything,
"+ .about the patential of the computer for

(nstructiov\al purposes

-




5 3. Processing Jechnology. “Batch time" was the
common form of computer processing‘and H:.s
inherent disadvantage of delayed feedback made
it inefficient (Braun, 1977). )

4. Courseware D‘eve]ogment. For the educator,
producing courseware (CAL Iessuis in th;a form
of a computer program) was not qnly  time

| consumjn§ but difficult as well, since high

level (English-oriented) autﬁor !anguages were

nonex1stent. Therefore, most computer based

lessons were of inferior quahty since they

were designe:d by.computer programmers who often

lacked educational hackgr_olinds (B1aisde11, 1975)..

Despite growing criticism that the computer would

dehumanize society, research in computer based educatian».(—CBE)
continued to expand in the 1960's with the help of the

American National Science Foundation (NSF) and educational

‘institutions such as Dartmouth College, Massachusetts:

Institute of Technoldgy (MIT), Pennsy’lvania State University,
The University of Texas, and the National Technical Insutute
(Vnn Feldt‘ 1,979) > P

In thg mid-1960's, a number of developmentsvoc_curred’
which profoundly influenced the future of CBE. The
appearance of cheaper, more efficient minicomputers, capable
o‘f "titme ‘sharing", reduced costs sub’stant{aﬂy’ by permitting:

a number of users to access the.computer éimultaneously. No

wr



! . 14
longer was it necessary to wait extended periods of time for
required feedback (batch time processing) as persons were /
now "om line", - that is they had direct communication

with the~centralZzgrocessor (computer) via teletype or

typewriter. &
Publication of the Pierce report in 1965 was. the
necessary impetus needed to increase CBE rrééearch. This.
'paper recomrmn:ied greater emphasis by the United Stat‘es_
government in the 1nscruc‘t10na1_ uses of computers fﬁr
eéqcatlon. In response, the United States National Scien‘ee 4
Foundation supported the fundjng of a number of CAT prloj:ects
inc‘luding: % ‘_ g e . -
1.° PLATO. (Programmed Logic and Tea;:h(ng Operations).
Today, PLATO is‘perrha‘ps the Targest C.M network 1n(
operatio 3 I'ts _extgns1ve courseware (instructional
suftware?‘: is marketed by the Control Data
Corporation for (:anadvian and American.educational
institutions. Further;nore. much courseware has
been adapted for hse with Apﬁ'le and other micro-
- computer systems (Crone, 1982). This step should
o further encourage its prnliferafi‘on throughout
educational environments. \
2. TICCIT. .(Time Shared Interactive Computer
cantr-(\ﬂ'led Information Television). This system
was devgloped as a Joimperatlon between the

L 3 | -
Mitre Corporation and the American National .

‘ /




Science Fnundat.i‘on apd presently dombir{es
computer and te]evds:ion techno]ugiesv for
sinstructional ‘de'lh}lery (Barker, _1’9\79). i ’

3. Prdject L0G0. undér the direction u% Seymour-

3 Papert iavnd the LOGO group at Hassa_c'r:Js‘et\‘.s o
Institute of Technology (MIT), a family\ of

) languages hias ‘been developed.for use by ‘young
'chi"ldren Proje{:t LDGD‘hds recei‘ved 'cons‘lder-
able’ attent(on recent'ly, parth:ular'ly with o
respect to advanced theor!es of cognitive
development (McNeill, 1984),.. : .

4. The- Huntington Cumgute.r-Pru]eci. “In thé& late
1960's and early 1970's, Braun and Visich, in
association with the National _S"eience Foundation,
explored ‘the computer's use as a te‘aching
resource: for the pure;sc’isncés, soc‘ia] sci,ences.,
and 1anguages: arts. Braun (1979) claims the

Huntington Computer Project was useful in

designing d model for courseware de‘v'elopment

and identifying the \(alug hf simulations in -

education. L o

Educatiana'l ‘computing in Britain has also been

characterized by 'Iarge scale research and develapment

projects¢ These include: , . e

1. The Chelsea Science Simulation Project (CSSP).” « -~ \
Its ’purpose was to design ‘and produce discovery l)‘asgd

‘science experd‘nie\ntn\ simulation m‘at’ériﬂs. ‘_*ProJe'ct’_'l

)




‘development began in 1971 .and ceased in 1976; however,
I3 materials are still marketed by the Edward Arnold

Corporation.

2. The National Develogment Programme h\ Computer \(
? Assisted Learmng ¢ NDPCAL) . . § B % g

. % Perhaps. the most 1'nf1uential of. British cnmputer
e 5o assisted Iearning projects, the NDPCAL developed well
. conceived 1earn1ng materua]s in most subject Areas .
(:Smythe and Lovatt, 1979) . H,av{ng commenced |n 1973, S
the NDPCAL was’ terminated in 1981. L o w

3. Cnmgnters in the Curriculim Project (CCP).

: Under the direction of R. Levns the CCP" 1nvest1gated\
the-computer's application in teaching science and " ¢ o
mathematics. The CCP lasted for a duratian of 7 years, -
% ' 1973 - 1980. Materuls prnduced .are present]y dlstr‘ibuted
by the Edward Arnold Corporatian 3 3
. l
with its(

r
the mid- 1970 s, developmént of the. microcomputer

;}Ihcon chip mh‘:romrcu.ltry established, perhaps i
beyond any singlé-de_ve'l‘opmen; of ‘the Post World War I ;/la_rs. i )
tﬁe poten;ial for widespread, deeply_ seated, and 1néxpenAsi>ve

cumputer facthies i educatiuna\'settings I'n fu’ct-, as
Brahan (1983) acknow!edges. the: Future &f CAl - when the .
computer augments tcgaching and 1earn|ng - may He not in
-large- instructional networks 11ke TIccIT and I’LATD but.in
stand alune. relativély, lnexpens{ve ayxd purtab'le m1ch-.
: computers which are’ naw marketed by venders isuch as : b
\ A_ . “International Business Machines, Tandy, Elett‘rnnlcls (Ra:io
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Shack), the Commodore Company, and Apple Limited. Supporting
the available hardware is also a large supply of instructional,
administrative, and leisure software from commercial sources,
though authorities are less than favorable about its quality
and instructional appropriateness. Some recent literature by

Dean (1982) and Bork (1983) clearly reflect this belief.

Instructional Usage

I. Computer Assisted Instruction

Instructionally, the microcomputer may be used to
learn about, with, and through computers. These three broad
applications subdivide into specific areas of study as
outlined by Zinn (1978).

1. Learning about the computer

(i) Computer literacy. In North America, computer
Titeracy is the fastest growing area of computer
learning (Johnston, 1985). It is the study of
computers, their function, and effects on society.
(ii) Data processing. The computer is used to perform
operations on data and achieve a desired output.
(iii) Computer science. The study of computer system
maintenance operation and technology, as well as
computer literacy, awareness, and programming.
(iv) Personal computing. The family use of micro-
computer technology for purposes ranging from

electronic games to tax preparation.



(v) Inservice training/Professional development. In
this role, the microcomputer is a vehicle for
skill development and training. Recently, computer
inservice and extra service programs for teachers
and administrators have gained popularity to keep
educators abreast of technological and instructional

changes.

2. Learning through the computer

Historically, the main thrust of research and
development in CBE has been in this area (Braun, 1984; Zinn,
1978). In its traditional role, the computer is a vehicle
for instruction in several ways.

() Drill and practice. In this mode, the computer
assists the learner acquire mastery of previously

Tearned material; however, no new stimuli or Tessons

are presented. Hunka (1977) has described three

drill and practice models or sub-strategies. These
include a random model whereby exercises are
presented in a fortuitous manner; a fixed model
which presents the Tearner with a lTimited 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 Tearner in previously instructed material.

Many drill and practice programs are available

particularly in the areas of language arts and



-
mathematics. Notable vendors include the Control
Data Corporation which markets PLATO educational
materials for large networks, as well as the Bell
and Howell Company.
Tutorial. This strategy is instructionally broader
than drill and practice as tutorials prov%de
1nstruct10n‘|ﬁ ;ew material, test comprehension
through questions, formulate feedback, and recommend
supplementary exercises, if needed. Like dri}l and
practice, tﬁe computer controls ‘the activity while
the téacher serves as .an external source should
syétem or cumprehension problems ensue. Mény
-tutorial programs are based ‘on an option or"~
"branching" strategy whereby material for presenta-
Eiop depends on Tearner characteristics and
behavior. As Watson (1972) suggests, such a method
has great potential to Pully individualize )
instruction. .

'Tutorial programs exist_qn a large scale
throughout No}éh America and the United Kiﬁgdom in
most Qubjecg areas. -Hunka (1977) lists several
which have been developed in the field of medicine
at the University of Alberta. These include

Cardiology, which introduces the learner to heart

murmurs, French, designed for the beginning French
! e
student at the grade:ten level, and CAI progiramming,
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which tutors in the IBM COURSEWRITER authoring
language. In Britain, the NDPCAL program has
'produ:ed celebrated tutorials in mathématics,

while the Computers in the Undergraduate Science

,Curriculum Project (CUSU), under the direction of

J. McKenzie at the University College London, has
‘made available materials in'most science curricula.
PLATO and TICCIT American CAL systems. have also
generated tutorial programs, some of which are now
marketed by microcomputer software’ huuses Fnr T

exnmp]e. Altus Computer Systems and Intengent

Systems _Corporution retail accounting and word pro-

cessing and computer training programs respectively.
Dialogue. Through dia‘logue. the student and

microcomputer communicate in an unstructured,

. §ophist!cated manner through the use of natural

language. [Instruction, testing, and feedback are all
elements of CAL dialogue, but, unlike tutorial and
drill and practice programs, the con;puter is '
programmed to accommodate a broad range of student
responses such es'extraneous use of language,

answers in a variety of orders, and incorrect

'i'spelling and syntax. A major drawback'of dialogue

1s the onerous prngramming required to produ:e an

effecuve unit. One large and complex dlalogue

* program is SOPHIE developed by Brown, Burton nnq




(iv)

Bell. SOPHIE attempts to teach students how to

"truubleshuot" fau]ty electrical equipment by

“answering questions. supplying necessary data, and

.communicating {l\formative'ly with the learner.

Pressman and Rosenbloom (1984) state
relatively few mi‘crocomputer based dialogue programs
exist, likely due__lo programming complexities. A |
more recer‘n: innovation is oral dialogue between
learner and computer.but costs ;til1 remain
proh1bitfve1y high  for serious in;tructiona] ' \
applications. = -~ . - - ! ’ i
Tes.tinb. M1crocoinputérs may also assist w%‘th-
testing"and eva\uat‘io‘n. Fr:‘\r:ins'tan:e,_diagnostic
tes.t!ng is helpful to idéntify stud‘ent knowledge
and skills pridr to instruction,hence, assisting the
instructdr in goal formation an/d lessor}_preparation‘
Formanye testing is useful during drill and
préct,{ce. tutorial, or dialogue modes to asses‘s
compreﬁjénsion and 'understanding. A microcomputer
item bank' contains’a pre-determined number of
questions which may he displayed prior to, during,
or after instruction. A more sophlsticated method
involves the ‘computer generating items randomly, o F i
thus avoiding repetition. Eomputer based testing
ha{ p‘artlc‘ular advantages over tra?itiona’]} pen and

paper methods. .For example, test items and théir
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order of presentation are 'h!dden and evaluation and
feedback are immediate. A major disadvantage i

the diﬁficulty in accommodating “free" (or open)

response items - a word sentence, for example, since

the author must anticivaté potential answers. Hence,
for microcomputers multiple choice, matchin‘g. and

true/false items are suggested.

3. Learning with. the computer

In this mode, the computer or microcomputer is used

for educational gaming, word ﬁrpcessing, problem solving, as’

a simulator, a data base, and.an aid to assist in heuristics

(or discovery learning). Several authors claim the gréacest

. i
reward from computers, cognitive development, lies in this 4

application as the cumputer‘ 1s/a:ontro1l'éd by the Tearner f

f

and not the learner controlled by the computer (Papert, 1980).‘

(i)

Educational gaming. Educational gaming is a recent
application of the computer. The computer and the
Iéarner en‘gage’ in-a competition with learning and/or
skill devélopment-ds ultimate goals. Braun 7(1984)
claims the learning potential through "gamin_g",}’s
largely untapped and "once t‘heir p;:tentl‘a’l is

realized, they will provide rich. learning-experiences

'
for students" (p..113). A typical application of

gaming may be found at"the University of ,Plttsbur’g.
Engaged in a star-wars type conflict, Tearners must
apply laws of trigonometry on ’pro]ectﬂe flight and -

angle setting to destroy the enemy.
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Simulations. SimuhtionsfmodeI real world évents,
/ :
laws, or other phe.nomena1 Which would otherwise be
1mpractjcal to encounter in reality. They may exist

as “stand alone" projects or be incorporated in

* other CAI strategies such as tutorials or dialogue.

Simulations (or electronic models) are attractive

to educators for several reasons. Firstly, as.

modelling agents, they mimic world events which may

be too dangerous, costly or diffitult to encounter.
Typical examples include operating a nuclear power
pla‘nt or pi'lotjng »a‘n aircraft. Secondly, as a

dyfamic. (active) system,. the learner must interact
with the prnqr‘am - an a‘ct1‘v1'ty whi’,ch encuu'rages' the

development of higher order intellectual skills

(Walker, 1983).

§f1psnn and Lipson (1980) 'state that simulat.ions
may [be created for most, if not all, real world‘
phefiomena and cite population growth, political
neg{\iijtinn, and chemical reactions as examples. ! In
the pa‘sﬁ. well received simulations have been
developed by members of the Jarger educationa1
computer projects. Some examples include
‘Inheritance by the British Computers in the
curricuilim Project and pH by members of the U.S.
based Huntington Cemput'er Praj_ect. A commercial

current simulation for microcomputers is
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-Projectile Motion Werkshop by High Technology

Software Products Inc. The program illustrates
projectile motion under the influence of gravity
with the provision for learner interaction’ through
manipulation of various parameters.

Problem solving/Data storage/Calculator. In this
mode, ‘the campu‘ter's comptation and storage
capabﬂi'ties are utilized to ‘r‘ecjuce time and
effort on ‘othérwise onerous t&ks. . Used as a
calculator, vast amounts ﬁf ‘&ata may be manipulated "
oin micros‘econds' .u‘sing_cmhpwx formulas. In the
probiem solving mode, thé user develops programs.

for the computer or uses those marketed commercially.
Creative activities. The computer is now a medium
for creative expression through art’. music, des1g‘n,

poetry, and prugrémming. In fact, it may be the

creatiye"aspects of microcomputing that addict long

term users caHed "hackers" Such -users speng

o end1ess days and nights explnrlng the computer's

capabi]itfleg and potential applications. The LOGO
languages provide children with the programming )
means to explore the .computer's potential and
actively cieate as they wish. .

0f course, while ‘the uses of the microcomputer
for teaching pulv"poses ‘a;'e many and:varied, reles

are not necessarily independent. That is, tutorial
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programs may include some dialogue and simulation.
Similarly, electronic models may exist alone for
example, simulating population changes over time.
/'."'/As technology advances, particularly with respect

to authoring Iénguages. most software may be a

o
"soup" of instructional strategies.

II. Computer Managed Instruction (CMI)

The computer may also bé used to as;ist with
instructional management. 'y disﬂ‘ncti{on between this
'sé;‘atégy‘andwqm is that computer ﬁanaged instruction (CMI)
is used to cooﬁdin;ie learning upportl:‘nities. whi.'le in CAI,
the computer is directly, involved in Vthe teaching process.v

% Sp.ec.ifiéaﬂy. CMI may serve the teacher l;y ad;l-ressing
the following éa‘sks: Record and student data keeping;
_Instruct{onal goal formation; Guidance and selectibn of
learning events and materia]s{ Assessing and eva'luatinﬁ
learner performance; Instrument 'construction - tes‘ts/
attitudes/surveys., ‘

A simplif_ied CMI program may proceed in the
following marﬂer. Students are assigned learning activities_
wr;ich reflect instructional goals. They:progress through
the recommended activities and, depending ubun their
performance (\ghi'ch has been evaluated by the computer),.be
promoted to the next lesson or _astig(ned remedial work. In
this‘way. the 'computer has tested, corrected, and assigned

activities for the learner, this assisting the teacher with
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