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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
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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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time consuming administrative tasks.

Traditionally, instructional management appears to
have lagged behind CAI, but as Allen (1980) notes, CMI is
expanding gradually with a significant Dercentvage of schools
using computers for this purpose. In the past, several
successful CMI large scale systems “emerged in the United
States. and Britain for use in public schuu’ls. Some of
thes'e inEIude thevAutomated Instructfuna] Management System
{AIMS); Program for Learning in Ac:ordante with Needs (PLAN)._

’ N1scons|n System of Instructional Management (WIS~ SIM),
Individua]ly Prescribed Instruct‘lon/Managgment System
(IPI/MIS)} and Instructional Managemgnt System (IMS);
Comput&rized, Instructional Support S.ystem (CISS); PLATO
Complyter Ménagement and Instruction (PCMI); Air Forc‘es

~~—Human Research Laboratory (AFHRL); Hertfordshire Computer —

‘Managed Project and Cumputer Assisted Management of Learning

(CAMOL) (Sp]ittgerbe 1979, &n,vthe & Lovatt, 1979). CMI
ﬁprograms are .comn;erbiallly available for microcomputers. :
. Thg Grade Storage Diskette, for instance, is marketed by °
‘.Co"v:onet Instructional P‘!edia for use with most microco‘mputers.
\ . .
Non-Instructional Usage
g & Administrati‘ve Applications . .
Computers, apd pafticu'laﬂy’ microcomputers, are being
- applied on a greater scale to assist with sc‘huu1 adminis-

trative tasks (Johnston, 1985). The technology 1is being

9
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applied to assist in thg scheduling of courses, recording

of sgudent data and records, materials inventory, accounting,
and budgeting. Hith the v;st amounts of information

contained on data sheets in any school offlce. the
utilization of a powerfu\ ml:rucomputer fur information </
storage and handling is time saving, cunven‘eut,and
efflcjent. Marshall (1982) clalms that over 80 percent of
school manageméht functions ;an now be handled by micro-
‘computers. ; ‘

Programs for these .purposes may p;w.be purchased
from software houses for u;e on most csmmuﬁ microcomputer
s&stems. For:example, IBM's Socrates prué}ém performs
agministrative routines by hréper1y arrénging and
scheduling students' courses, classroom;, pupils, and teachers. -

5 Barone (1985) states that a successful application

of a large scale computerized administrative system‘has

occurred in the Metropolitan Tordnto Separate School system.

Since its adoption, the cdmputerized 1nformatioq data base

has provided improyed stident placement, decision makdng,
'gnd planning services with increased reliance and cost

savings.

2 Past and Present Canadian Trends in
Computer Based Education

- Traditionally, computing in Canadian colleges and

. 0
schools was a subject of study rather than'a vehicle for
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the delivery or management of instruction (Knapper & Wills,
1984). - Meeting cﬂe need,/fnr more research in 1‘ts
instructional* potent‘ial became the resp:onsibi]ity of
research organizations and institutions of higher
education such as the National Research Council (NRC) and
the Ontario Institute for studies in Education (OISE).

In 1969, the NRC and the OISE in.assogiation with
Canadian edudational institutions and bus.iness'f{rms embarked
on a. research -and development project in CAI (CAL), TIts aim
was to "ensure the availability by. 1980 n‘f a‘viable and
cost effgctive _computer aided learning s&sqém for Canadian
users'j (Brahan, 197‘6, p. 1). Through a life of twelve
years, the project involved on-line connection to a host of
colleges an‘d’ universities including the oxsé. McMaster
University, t'he'LIniversity of New Brunswick, the University
uf’ Calgary, Algonquin College, and Carlton University. Its
purpose was to -improve CAI technology in network
communications, hardware and Software, authoring languages’,
and learning materials production techniques. Brahan (1976)
‘notes the project was successful, pa’rticu!aﬂ.y with respect
to the development of the National Authoring Lanzjuage,
acronymously known as NATAI:. ) NATAL is an adva/nead’/h’i\@h
Tevel programming language for educ;ors who wish to design
and produce leanning materia'ls. The Cours/e Management and
Preparation System (COMPS) is another N{!C based activity.

It is a §oph1sticated courseware preparatioﬁ system,
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programmed in NATAL and requiring no spéciaHzed skills Sn
the part of the instructional developer (Wilk, 1983).
'Thraughuut-the country, addttional research in CAI
has occurred at the University of Waterloo with the )
deve\épment Bf-a multi-media instructiona\l system terrﬁed
COMIT (Computeriz&d Multi-Media Instructional Television).
Knabper (1980) states that during the‘ projéét's life, a
range of learping, ma‘terjals v;ere ﬁ'radqcecf includ‘lng‘
'simul_ation and drill a.nd prat{tice programs. ’In Manitoha,:_
Sandals, McMillan and Workhan have initiated a project to
develop CAI inat"er’lals in mathematics, language;. a_ndk ‘1115‘
skills for urban and rural schools iin Manitoba. (Sanda‘ls,
McMillan & Workman, 1980) At the University of Alberta,
Bent (1980) notes that the Division of Educatwnaﬂ Research
Services, under the direction of Steve Hunka, has, since
1967, been active in developing CAI materla'ls Other computer
based projectss-both past and present, in'c'lude the .
instalimen't 6f PLATO hardware and courseware at the
University of Quebec (B1anchet 1980); -testing and, the
teaching of statistical data ana'lys1s v1aﬂfﬁpucer at ‘the -
L@_iversﬂ;y of Guelph (Hallett, Liw. & Holt, 1983); and CAl
" Bications for the 'handicap.p_ed a't the University of
‘Ca‘}gir'y'(arebner. Clarke, & Johnson, 1983).j Undoubtedly,

other. research has occurred-elsewhere. . ! ®




B A large scale Canad.i'an telecommunications netwerk
with great teaching and learning potent_ial !s‘ithe'T_E‘}IDOAN
“system. TELIDON js a two way intera:tlve “television
system under the auspu:as of the Canadn'lan 'Department nf
Communlcatluns and |ncurporates television monH‘.cns,
computer termina]s, “telecommunicztmns hnks. and,
intelligent courseware. ' Muter, Treu_rniet. and RhiJ];‘ps '

(1980) cia ﬁ/ that TEL'IDéani'I’I\hecome Mcr'easingw‘ on

sbphisticate‘d'and may eventuaH): permiﬁ Canada Wde _'

teleconferencmg with computing facllities forieducaturs

using NATAL'and 'a - -national inf‘ormatlon net”ﬁork
Indeed, CAI lt'vj.ends in Canada have closely mirrored
those of [the United States and elsewnere.r- Essentia]]y,_
“shortlﬁ d computer balse:i educatlun prugects :unfxned
mainly to \nst!tutmns of h1gher educacion and guvernment

departménts were created to explore and harness the

- potential of _the computer as un‘education__a'l aid. ,The NRC -

of Canada, a major. thrust -of CAl research,’ has',been

credvted for pioneering exp’lnration in author!ng lam_m,ages.

(NATAL) .and production technlques in GAI materials'
development -

Despite, however. some 1ntensive though sporadic
research in t'his f1eld. CBE, pﬂrﬂeula{ly the. computer's’
use as a tool for 1nstruct10n. is not being appHed ta‘
large degree in either Canadian co]leges or schoo'ls. §uch

a cond‘ltjon appears to contrndtct, marketi_ng trends as'




micras are helnq purchased by these institutions at a. rapid'
rate (R1ch. 1983). A closer examvnatlon, however, reveals
growing application as a®subject of learning and adminis-

strative tool relati:e tq its instructional utility which
appears Lonf1ned to the."committed few" (Righ,.1983).

- 4: Computer llteracy. in particular, has gained

- considerable pupu]arity in recent years amnng publwc and
education dtcisinn makers This trend, wh11e heralded by,
many. to'be the ‘therapy for an unhea]tny eaucation system

1s not without fts critics. ‘Oppanents claim computer b
literacy alone is poor utillzatlon uf a_potentially frultfm
resource; that pred1ct10ns for future w1despread programm1ng
sk|lls by young people are overstated; and computer literacy
1s merely educators' raspunse eu the public's clamor for a
more progressive, practica1 education tMenusky, 1984,
Bernstein,,1583) Reasons aside. ‘much . in1t1ative is

focused on computer awareness,making 1t the fastest growing
arga of CAI in Canada (R1ch, 1983). s

"A review ‘of literature pertainfng to the Canadian

status qua ‘of microcomputer use shows clear1y that Canadian
.provinciaT departments of education are making efforts to
ensure that computing is nested in the cyrricu]um, aIbelt
the intensﬂty of lmplementat1on and proS%ams offered varies
provtnc1611y and even locally. Recent ‘efforts 1n'suppart
computer based educafWu\ may be found throughout the country.

. Brft(sh Cqumb{a, for exampie, has, purchased ten thousand
“ -




Apple microcomputers to be distributed to B.C. schools.
While controversy regarding modg] selection has surrounded
this purchase, it nnevertheless dem(_mstrates the government's
intention to implement microcomputers in B.C. education.

3 Through the Computer Technology Project, the Aiberta

b2 gnvgrnment is planting compuﬂter Hterac‘y programs and
micrec&mputing in provincialv schools. The Bell and ngell

{ 4 Edumod System was chosen as hardware with si‘gnif‘ant py!cé

reductions offered to schuo1s. Similar knitiatives are

OCCUFV;JIQ in Manmobn where computer awareness courses are

bemg deve]oped for primary, e'lementary, and secondary
schools. Ontario and Quebec have taken firm steps to
promote educational computing. Ontario gu!dehnes for e
'1ntraductory cumputer studies published tn Nuvember. 1983 °
outiine goals‘ and objectives for the  newly introduced hign_
school literacy prQgram. Further, that government has
allocated fund; for thé develcpmé,ﬂt‘ and review bf course-
/ waré and invested ‘heav“lly in the dévelopment of a Canad.ian-
edu‘catinv} microcomputer which would assis‘t in. hardware
stér}@\ard'zaﬁorﬁ\ throughout the c.mmtry (Rich.»1983).l'_>The
Quebec guver‘nmené has recent1y‘ann6unced Aits 1ntenc to
. purchase fortystwo thousand micros over a flve year per1od
This 1s a signtficant venture considerinq Quebec's problems
ldEntifyMg use)ul french language courseware and keybuarqs.
. In Saskatchewan, a computer 'Iiteracy out'line serves as a
‘basi-s for the locally deve"ﬁaped Hteracy syllabus. Kemp

. ~



2

(1983) acknowledges that computer literacy is well
establls\ged. throughout the province's school districts but,
. 1ike most provinces, is unevenly distributed. Furt‘her east,
thaPrince Edward Island Ministerial Advisory Committee was’
esta'b'lished in 1982 and specified goals in computer 1i;:eracy
and awareness for implementation in juvnior and senior high
s‘choa]s. Ng‘w Brunswick and Nova Scotia have taken similar
ivgitiatl'ves. .Ali three maritimé provinces have embarked in.
a cooperative effért to cata'lug_ue and index educatlnna_]l
computer software (Rich, 1983). . Presently, New Brunswick,
Nova Scotia, and Prince Edward Island provide a computerized
career guidancé data base to eastern region high schools.
Locally, the Newfoundland Department of Education .

has made éff‘u;‘fgfgtgrirumnte computer basgd education in
Newfound]’a"nd high schao'l.s. “In 1981, the Computer Studies
‘Curriculum Committ‘ee established goals and a;jectives for

a new high school computer Hterac} course, Computer

) ‘," Sci‘e'.nce ‘220‘6. «This course is now available as an option

‘in many, Newfoundland schools and introduces’the student to
the history, operation, ‘and capabilities of the comﬁuter\.

pr;érammlng“skil]s in BASIC, available ‘Careers in computer

( . :
technology, and the role and impact of computers in%ciety.

To a»s,sist‘.échocns with implementing the cour‘se, a laonetary
. ¢ ’
grant to purchase hardware and software is available.
"This account is indicative of recent e}"for;ts by’

Canadian governments tp wedge .computer based education in.

.



provincial currlcu]a.. Undoubtedly, more is now haﬁpenlng
at the district and school levels. For example, some
schools are raisi‘ng funds for the purchase of microcomputer
equipment independent of government support. Teachers, as
well, may be ufféring aspects of computer s'tudies as
additional components of mathematics or social st\’udies
curricula. Parents are purchasing microcomputers for family
use with firm be'liefs children will be prepared for the
information age. ' B
Nevev;the1ess. while microcomputers are b‘e:oming‘mure
widespread, they prqéent]y are not deep!y seated:in Canadiar;
schoo]‘s.’ Where, pervasion doe_s occur, however, the fo:cu_s of
1e'arn|'ng and teaching is computer Tliteracy, and to a lesser
degree, compﬁter science.and programming followed by its
application as a tool for instruckion and instructional manage-
ent (Rich, 1983; Knapper & Wills,~1984). It is generally
agreed these last two applications hold great promise for
_educ:;xtidh with respect to individualizing instruction and
creating new 1ear1’ﬂng ex:periences, yet 1rnnic‘al1y. they have
made little impact on the-Canadian classroom. The 1iterature
adq:ﬁessmg this_problgm #s extensive and the reasons‘ varied,

but ‘siwﬂar to se which plagued®CAl in its formative

years. Accordi'ns_to Anastasio and Morgan (1972), CAI's
problems have been ecopomic, technical, and educational.

The high cost of hardware, coupled with poor lnstru:tion:i

: mate'r7|a'ls and a computer 111igerate teaching popilace were
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great obstacles for: pro-computer educators. Hawkins (1978).

through a survey of computer-educated college -teachers from

the United States, Canada, Brnain, and the Netherlands,

isolated anti- computer based mstructwn factors common to

all these téuntries’ Included were computer illiteracy,

a fear of its technology, and its High cost. Other

authorities such as Bunderson (1971) claim that besides

e cost, the non-ide‘ntifi{:ation of. the t‘arg‘et populations'
needs and college educators ' resistance to computerized
instruction 1mpeded/i;s proliferation during this tjme.»
Baker (1976) has attributed CAI's problems to few training
env’ironments and ‘poor cost/performance ratio. Molnar (1971)
suggests that in the past, few incentlves have been provided
for educatars to produce softuare The unwillingness o(
administrators toﬂay in accordance with' productivity and’ '
'dichultfes in rece1vin‘9 credit for production of materials ~

" have c}n_grr‘ibuted to the plight of computerivzed ins’trl{ction.

Recent 'Ii_ter'ature by Manion (1985), and M‘arshall (1982)
argue that appropriate software scarcity is a great
. impediment, but Dean (.1%2) c1a1‘ms‘further that poor

authoring languages a quaHy impedlng

Much current literature a]so fm:uses heavﬂy on the
importance of teacher training and knowledge with regard to
computers and their applications. Concerns echo the ‘be]!ef
that computers are firmly established in society and that

computing will be a necessary skill for the “future, yet a

o
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substanyt1a1 teacher population is without know]edge‘ and

training to tegch about computers or apply them effectively

in the classroém. This c]eaH‘y can be seen in 1%terature

of Manion (1985); Johnston (1985); Giannelli (1985); Green

(1984);‘Bozema (1984); Pre‘ssman and Ro‘}enbloom (1984);

Smith and Sage (1983); Clouse and Savage '(AIQBZ); and Bork-
! (1983). As Bruwelh‘e'ide.(lssz) notes, the literature is-

often repgtitive and the authors see the common need for .
teacheérs tt; become computer literate gri'd at the very least, .. #
computer aware. As mentioned previously, Hawkins (1978)
found among Canadian college educators literate ‘in computer_
technology that, besides cost, lack of know’ledgre and self-

» confidence were chief barriers to the sprM of CAI in this .
country. While such a ‘report ié now eight years ojd. and
many teachers have upgraded in the area, recent evidence '
indicates that a substantial teacher population is s1’:i1l
without' the necessary knowledge and skills to further the
computer's use i,ri/?ela\ching' and learning.™ ) 4

: A 1983 nitedistates National Education Association.

report, A TeaCher Survey NEA Rwport: ‘Computers in the

_ Classroom probed U.S. teacher attitudes aqd competencies in
ey

cump'uter ;teghno!ngy. The results parallel concerns
“reflected in the literature - that a substantial teache
hp—o'pﬁace'is without adequate trainin‘g‘arid' knowled/g/e/in/ .

camp'uter‘s and their educational app'l‘icatiens. S‘pecifica]]y.

the survey revealed that while teachers see’ the importance
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of educational computlng skills, particularly to assist
w1th instryction, 1ess ‘than four percent felt they were
well informed in’ computer programming, selgctinn criteria,
commercial courseware and software, computer Acompnnents,
operation characteristics and computer types. ' Moreover,

almost 60 percent of teachers surveyed were interested in

computer programming, computer operation, and instructional
applications - three criteria cons|dered to, be fundamental
for. appropriate computer use in the ¢lassroom. With-~
regard-to the global itsue of tt;.achers‘ needs and concerns”
in the area of instructional cqmputing. "the greatest
needs anion’g tea}:hers are for C'Dmputer knowledge and
exler1e11ce" (p. 56). Among those teachers whw’alreidy use
* compyters, the need is for well designed, effectdve suftv}are.‘
'F'i;m‘lly, over 60 percent of the respondents were interested
in taking an instructionally related computer course,
) demonstrat;ng a majur_ity interest in upgrading. These
/ findings are supported by other less jrecent v:esearch.
= & . Stevens (1980) in.a comprehensive survey r‘eve‘aled similar |

impressions regarding American teacher knowledge in

cgmputers. For example, an overwhelming majority (90%) of
. .~ respondents felt unq,ualiﬂed’ to teach even ccmput::r
literacy. Again, while the NEA feport i‘three.years old and
‘teachers' .nationally are upgrading in the area, it is
unlikely that computer‘literacy is deeply rooted in a vast

majority uf Canhada's 50 000 educaturs. S .

N : HER o » =




:I‘he lTiterature suggests that impediments to wide-
Qread CAI applications are not unlike those fifteen years
agu. However, in light of technological advances in
hardware, auchomng languages (NATAL), significant cost
reductions, and an 1n9reasing availability of inexpensive,
albeit questiongble design software, these problems appear
to h’e'.le'ss significant than past years (Pv_'essman and
Rosenh]loum, 1953:4). Educat(;r illiteracy in-computers and
their applications, however, still reign’s‘_as a deeply
rooted w1despread problem affect‘lng all nations (Bork, 1983).
Some exceptmns tn thi’s may be teachers in anesota.
Manitoba, -and British Columbia where courses have been
available for some time. ,

As a response to this crisis, as it has frequently
t;een called, t‘here are global initia’t‘ives in the form of
pre-ser‘vivce, in-service, and extra-service programs of study.
Some, such as ITMAL in P.'}ymouth, England and REACT in P
Oregon, U.S.A., have been offered _since‘th’é"éarly 1970's.
Luba (1975) acknowledges that a tea(‘:her education program
in ;:omputing has existed in Manitoba since 1975. Howevg‘r.
these programs were mostly local atiempts and ,reséarch
based. . !

Current initiatives in the U.S. and mada 1n‘:1ude
pre-service credit courses for teacher trainees, as well
as in-servige and extra service credit and- non- credit

courses for those presently teaching. Some states and
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provinces are considering legislation requiring teacher$
to take S recognized CBE program prior to licensing.

Gr;en (1984) notes that 14 American states have
enacted legislation re‘quiring some formal study in CBE.
Most Canadian colieges and universities now offer courses
in. CBE a’nd school boards, .in coaperatioﬁ with these
'1nstitutionsl,” are promoting computing in thir districts.
Rich (1983) claims.these have been succﬁsful and teachers
are eagerly taking advantage of such 1darning opportunines
Bork (1983) isyrather Tess positlve and states that
educagion faculties offer, for thé most part, inadequate °

\ teaching in CBE - often just one or two coursesrand
effective in-service courses are uncommon. Ney‘ertl;Ie1es's,
these efforts are 1ndi_cat|'ve' of attempts being made to
educate a large computer illiterate ‘tea‘ching populace with
the broad goal of encouraging yﬁide‘spread CBE, particularly

the computer's role in learning and instruction.

.




CHAPTER 11 \

NEEDS ASSESSMENT

Introduction

From the previm;)s account of educational computing
in its formative years fo the present status’-of} CBE in

Canada, it is er1y‘th\e computer, particularly /Ehrefmicrm

cnmbliter, will continue to grow as a compe'llinq, and

pervasive 1nf1uence in government, business, and education
“(Shane, 1983) Canada appears to‘be no exceptmn tu‘chese
trends as we can expect cont_inued' utilization of computer
facilities in all sectors of society. Newfoundland schools,
like those in the rest of the nation, should show a noticeable
ingrease in microcomputer applications for udministr\at'h;n', :
instruction, and learning. Concern, however, has been

expressed thdt a large body of local educators, unfamiliar Tt
¥ with the computer's use and capabﬂity, could conceivably

hamper the healthy util‘lzati‘ of © m1crocumputer facilities

and, where facilities du exist, not apply them to thefr -

fullest potent1q1. 5 % « o e

Broad Goal:

Given this apparent spread of microcomputer hardware
s \ g
and software thyraughou,t\xav(ncnl schools and district
offices to augment the curriculum .(Computér science 2600§ /,;!
. . .

PR
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- - % other literacy courses which may be de]ivered at. the
) elemer\‘tary and junior high levels) and as a vehicle for
learning (instruction, ihstructional m:anagement, problem
.solving uses), it itands to reasan' that those responsible
for teaching and applying this resource should possess
appropriate knowledge and skills for its effective
tutilization. Lunetta (1975) has identified four primary
reasons for teache‘. familiarity with con‘\pﬁter based
‘- education. . ’
’ - To fac111tate student deve]qpment of
© -skills’and knowledge in this technology’
which will prepare them for future
computer related occupations.
~ Ta participate in the desijgn and
production of computer based learning X
matetials which wﬂl supplement the 8
curriculum. .
- - To modify their ‘teaching styles for

. appropréate and effective use of
\ computer based learning materials.

"

To aid in decision making w1'fﬁ“re)pec\t
to the use and purchase of computer
based learning. facilities.

Skills 1n the development, of computer based learning !
materia]s.can be justified from instructional and economic
viewpoints. " 3The ;:umputer's effectiveness as a te‘aching and

3 learning resource has been stud‘ied extenswely (Pressman &
Rusenbloum. 1984). Compared k'ith tu‘\tlnnal forms of
instruction, CAI has been shown to incredse learning,

\b ’ _retentiun.’mutivaﬂon, and interest' in léarners*(waiker. 1983;

" N
" Ashbrook, 1984). Cost savings for the school by not




yurcn;si.ng commercial software can be extensive and the
product developed to meét a local need, should have high
app'licab1'11:ty and effectiveness. Time constraints, however,
mak; serious computer based edncatilon materials prodyction

by. school teachers unreal1§'tic, as few educators have

-available the man hours needed to design and develop

softwéret This author feels, however, that developmental’
skillsre ‘'valuable as they can augment thé educator's

overall ability to assess the valme of other commercial

materials and pgoduction techniques. S =

CBE training should also prepare teachers for a role

“that will vary considerably from traditional pedagogy. The

gpp]ication of microcomputers for instructional purposes .wi11 \
alter the role of the teachef from one who disseminates

2 . '
knowledge to one who disseminates access to knowledge. Its

broad instructional utility can absorb and relieve the

teacher of many instructional and, Eorrec,tive functions. &1
Mundane tasks such as ‘r’e:ord keepi’ng and data keeping will
be.lessened. In these respects the teacher will invariably
have more time to act as student guide and proctor.

There may also emerge a demand for special
campetenc1es in computer based edEation. “Spécialists in
cybernetics, learning theory,; instruction, and instructional -

management stratedies, hard/software, and so forth may become

reality\ln the not too distant future.

. X . v
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Status Quo (Existing Condition

In 1ight of the social, economic, and Lducatinnal
similarities between Newfoundland and the,Lo‘thér Canadian
provinces, there is no reason to’ believe our ng‘"imary.‘
secondary, and co'lleg.e teachers are signi Aicanﬁ‘ly more
,lnform‘ed with respect to computers and th%ir’ ed\u‘catjona!‘
utility ,than educdtors elsewhere in the nation: While, i
reliable.data is un‘availaMe«-at'thi‘s time,} preliminary.’
informat‘lon gathered' by Dr. Lion®1 Mendozal of the Faculty
of Edu:ation, Memorial University, 'Suggest$ that a .
lsubstantia] ma;omty of Newfound]and educators are withnut
the skills and knowledge to effectively suppﬁrt computer
based teaching and learning. Possible exc1us’x‘ons to this
generalization would include teachers with ’ba‘ckgrounds in
computer science,: experiénce related to computer operation,

~or tl@sfe\whﬂ have completed recognized studies in CBE..
’ = « v
Y = |
The Need . “
s |
Given this discrepancy between a teach;er population
which should be skilled and knowledgeable withl respect to
computers ‘and their applf:ations and a teacheﬂ‘ population
which Hklely 1s without th_ese skills or knowl‘dge. there
éxists an inherent nee¢ to increase teacher k[owledgé‘in

computer form,” function, and 1ts utility in ed cational

mannq:menc. teaching, and learning. Furthermore, the need




is instructional, as these teachers are missing a necéssary «

body of information and skills tﬁat may be gained through.
some instructional means.

. Alternative Solutions to Meet the Need

Meetlng the .need to familiarize a sigchant

population uf r@wfuundland ‘educators 1n microcompu:ers and -

computer based educacinn will.require a ‘determined /

?-co-operative effort on behalf of government officials,
5

+and 1earning potential. g K3

el

school board personnel, school admin¥strators¢ and tﬁeac‘hers.‘
Effech_tive kcour.s'e offérj_pgﬁ-. inservice, and’ extraservice
staff training, appropriate learning materials, co-mputer
software and hardware are reql{ired tm”e our: tea:he—rs

utilize'effec;;ive'ly a learning resourée,with proven teaching

Present]y. the Faculty of Education, Memar?al
Universny, offers present and potentlal teachers course
work <1n cnmpucer fundamenta'ls and apphcations. Through
the Division oF ‘Learning Resources, for_ example, graduate
students explore the cumputer s utility in education and
deve]op effective computer based Jearning materials. ‘At =
the undergraduate leve] students are. |ntroduced to
mlcrncomputer form and function as part of the generél

introductory media course. .
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Inservice programs have also been offered by school
boards throughout the province. However, these are confined
mainly to teachers of computer studies and not the teaching
public.

Some time ago, the writer in conversation with a
member of the Learning Resources Division was told that few
meaningful instructional materials are available to supple-
ment course offerings and inservice programs offered by
school boards and the Department of Education. If this was
the case, then perhaps an opportunity exists for production
of a potentially valuable instructional development project.

In conversation with some other educators - teachers,
Department of Education personnel, and school board officials -
similar concerns were expressed, relating to both the content
and media form of available materials. Specifically, some

aids are outdated (Electronic Computer Operations, a 16 mm

motion picture film, distributed by the National Film Board
of Canada) while many of the more recent productions (the
Fast Forward series, for example) provide little opportunity
for personal interaction, though several examine in detail
computer system operation, societal implications/applications,
and educational utility. Other concerns reflected a desire
for an informal simple treatment of computer operation basics
with an introduction to its educational applications and, if
possible, supported by a "hands on" component. Technical

interests focused on inexpensive media which provide easy
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access to content, pacing of instruction to suit audiences
with varying interests and capabilities, and ease of operation,
duplication, and distribution of media.

A potential need for computer based learning
materials to augment course and inservice offerings being
provided is itself not justification for developing new
materials. After all, fitting or partially fitting materials
may already exist to meet the said need. Should a search for
suitable computer based instructional aids prove fruitless
and modifying existing packages is not feasible, then
resolving the discrepancy remains with adopting newly developed

materials.

Survey of Available Materials

In the search for computer based learning aids,
several important criteria were used for evaluation purposes.
These included materials which meet the specified behavioral
objectives (see p. 64), and media which provide for large
group instruction, pacing, ease of use, inexpensive upgrading,
duplication, distribution, and a provision for learner
interaction with a microcomputer system.

The instructional developer visited the following
facilities, institutions, and offices in search of appropriate
learning aids related to computers: The libraries of Memorial

University and the city of St. John's; The National Film Board
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of Canada, Pleasantville; The Instructional Materials
Division and the Division of Instruction, Department of
Education; the Centre for Audio Visual Education (CAVE)
and Resource Clearinghouse, Memorial University. Al
materials, whether print, film, or videotape were examined

on the basis of the criteria cited previously.

Print Materials

The result of this search disclosed an overwhelming
amount of print material. Journals, texts, newspaper
articles, and miscellaneous publications dealing with all
aspects of computer technology are available to the educator
Indeed, the amount of print material generated daily is
indicative of the speed with which the field is growing
and changing.

The instructional developer found, however, that the
available print resources - either alone or in combination
with other media - do not meet the major requirements for a
desirable and effective instructional package. Broadly,
print materials (particularly texts) are expensive, they
cannot be practically upgraded and revised by the holder,
and provide no direct opportunity for "hands on" experience.
Many, however, do provide detailed information and are
instructionally well crafted. Due to the immense amount of

print resources a complete listing for this report is not
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feasible. Included, though, is a condensed directory to a
variety of textbooks, journals, and other publications
dealing broadly with computer form, function, and educational

utility.

Textbooks

From Dits to Bits, A personal history of the electronic
computer. Herman Lukoff. Robotics Press, 1979.

The author gives a detailed history of computer
development - from ENIAC (Electronic Numerical Integrator
and Computer) of World War II years to the products of
large scale integrated circuit developments of the 1970's.
This is a relevant history text but is not useful as an
introductory form and function manual. A helpful computer

user's glossary is provided.

Using the Computer in Education. A briefing for school
decision makers. Paul Watson. Educational Technology
Publications, 1972.

Watson's text is a thorough assessment of the
computer's potential for teaching and learning. The author
devotes considerable attention to describing the elements
of a typical CAI system, the advantages and disadvantages
of CAI, some present applications, and research findings in
CAI. Though not technically overpowering, Watson assumes
the reader has some basic knowledge in computer architecture
and function. Hence, while a useful resource text for

persons studying CAI, Using the Computer in Education is
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not recommended for the microcomputer novice requiring basic

technical information on computers.

An_Introduction to Educational Computin Nick Rushby.
Redwood Burn, 1979. L

This is one of several texts written by Rushby on
the topic of computers in education. Unfortunately, it
assumes the reader has a fundamental knowledge of computer
design and thus will not furnish him with answers to basic
technical questions. Like Watson's publication, however,
it is a useful resource text for information on computer
based education and would augment closely a learning package

such as Microcomputers: How They Work.

The Computer in the School. Justine Baker. Phi Delta Kappan
Foundation, 1975.

Likely, a Tandmark text in computer based education,
Baker discusses computer history, applications, societal and
educational issues and future expectations. Again, like
those texts discussed previously, it fails to discuss computer
make-up and function. The language level is very suitable
for the novice and hence is recommended as a supplementary

text.

The Apple Connection. An Introduction to the Techniques and
Principles of Aggle Computer Interfacing. James F.
Coffron. SYBEX INC., 1982.

Many instructional texts on microcomputer operation

and make-up focus on particular models. Users find such

texts useful for providing additional technical information
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seldom included in the owner's manual. This text concentrates
on Apple microcomputer languages, architecture, and terminology.
It is highly technical for a newcomer to the field and for
most microcomputer users, deals with impractical processes
such as analog to digital conversion. The text is too
specialized for the microcomputer beginner.

Home Computers: A Beginner's Glossary and Guide. Merl K.
Miller and Charles J. Sippl. Dilithium Press, 1978.

Home Computers is typical of those first texts on
microcomputers. It provides an interesting historical
overview, school and societal applications, the binary number
system, and microcomputer architecture. Its language level
is elevated for the micro beginner but it may be useful for

the advanced student.

Computers in Early and Primary Education. Douglas H.
Clements. Prentice-Ha Tnc., 1985.

In this recent text, Clements intends to teach
educators the many applications of computers, how these may
be used with elementary school children, priorities in
selection of software, and a host of other topics. This is
a valuable text and would be an excellent resource for
educators seeking more detailed information in educational

computing.
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Computer Based Instruction. A State of the Art Assessment.
Harold F. 0'Neill. Academic Press, 1981.

The text is an aggregate of submissions by guest
authors. Almost everything related to educational computing
is addressed including computer managed instruction,
courseware, hardware, learning strategies, evaluation, and
so forth. Several recognized authorities including Victor
Bunderson and Karl Zinn contribute, however, given the level

of technical language, Computer Based Instruction is more

suited to the experienced computer student.

Computers Today. Donald H. Sanders. McGraw-Hill Inc., 1983
Computers Today is a beginning text for introductory
computer science courses. All topics - from a discussion on
the need for computer literacy to programming skills to
computer form and function are addressed. Generally, it is
a well designed, non-technical text with pleasing graphics
and photographs. Though Sanders fails to address extensively
the computers' utility in education, Computers Today provides
for the beginner a comprehensive overview of the technology.
There are, of course, numerous introductory texts of equal

merit and any would augment well Microcomputers, How They

Work.

Computers - Sizes, Shapes and Flavors. J.M. Johnston.
Dell1/Banbury Publications, 1983

Johnston's book is designed for elementary school

children (grades 4 to 6). However, it would serve the adult
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novice as well. A1l topics, beginning with a history of
counting and numerical calculation are dealt with simply,
effectively, and without intimidating technical jargon.
This is a useful text and is quite suitable for further

reading in computer basics.

Bits, Bytes, and Buzzwords: Understanding Small Computers.
Mark Garetz. Dilithium Press, 1983.

This is a recent softcover manual, suitable for the
adult beginner. Garetz probes the contents of a basic
computer system, available peripherals and their functions,
purchasing tips, and a guide to software selection. Well
designed at an appropriate language level, it is recommended

for further reading by interested learners.

The Good Computing Book for Beginners. Dennis Jarrett.
ECC Publications, 1983.

Most everything dealing with computers is dealt with
here. Jarrett addresses all topics - from a discussion of
input to purchasing hints - in a simple direct manner. It is
softcover, inexpensive, and would augment well Microcomputers:
How They Work.

Sharon's Beginner Computer Book. Sharon Publishing
Incorporated, 19

Also a recent softcover manual, Sharon's Beginner
Computer Book is similar in design and intent to the Good

Computing Book for Beginners. Some humorous illustrations

assist with maintaining its non-formal approach.
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Dictionary of Computing. Oxford University Press, 1983.
This is a thorough collection of computer and
electronic technical terms and language. It is suited for
both the beginner and advanced computer scientist as a
reference text, but is relatively expensive. Some of the
publications described earlier would be more suitable for

the novice.

Journals, Newspapers, and Other Publications

During the last decade, the huge demand for micro-
computer literature to support purchasing trends was swiftly
met with a rapid increase in the number of educational,
technical, and business journals.

In the field of educational computing alone, many
publications appeared to meet varying needs. Today, the
following are some of the more influential journals and
newspapers which provide technical advice, software/hardware
trends and expectations, product reviews and educational,
developments and research.

1. Computers and Education. Pergamon Press.

2. Computers and Society. Association for

Computirs MachTnery TAcH)
3. Educational Technology. Educational Technology
PubTications.

4. Mathematics Teaching. Association of Teachers
of Mathematics.

5. Learning. Springhouse Corporation.
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6. MicroNotes on Children and Computers. ERIC
Clearinghouse.

7. ComputerWorld Canada. Rattray Publications.
8. ComputerWorld. C.W. Communications Group

9. PC World Canada. Rattray Publications.

10. Educational Software. Garlinghouse Company.

11. Computer Buyers Guide and Handbook. Computer
Information Publishing Company.

12. InfoAge. Plesman Publications.
13. Personal Computing. Hayden Publications.
14. Popular Computing. McGraw-Hil1l Publications.

15. Creative Computing. Ziff-Davis Publication
Company.

16. New In Computing Magazine and Buyers Guide.
Computer Education Services of America.

17. UNIX/WORLD. Tech Valley Publications.

18. Computer Software. International Publishing
Company.

19. PC Ziff-Davis Publishing Company.

20. Scientific American. Scientifican American
Incorporated.

21. BYTE. BYTE Publications.

Filmstrips

Basic - An Introduction to Computer Programming. The Centre
for Humanities, New York.

Four filmstrips introduce the learner to programming
skills using the BASIC Tanguage. The set has many

instructional merits but is more suited for course work in
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programming - not as an introduction to microcomputer form
and function. There is very little emphasis on how the
computer works or its applications, and hence, is recommended

for the programming student.

16 mm Films

Electronic Computer Operations. The National Film Board of
Canada, 1963.

This film provides an overview of computer input and
output processing operations and discusses technical hardware.
It is well designed and produced but is, unfortunately,

outdated. Electronic Computer Operations would serve as an

interesting resource from a historical perspective.

And Now The Chips Are Down. British Broadcasting Corporation,
1977.

If the intent of this film is to alarm and awaken

the viewer, then And Now the Chips are Down has succeeded. It

is a frightening assessment of the global impact of micro-
electronics on society. Subtopics include the production of
silicon chips, work implications, 1ife style changes, and
future trends. This film does not address the functional
aspects of computers and microcomputers nor their present

educational uses. Nevertheless, And Now the Chips are Down

is an excellent film to supplement any discussion on the

social impact of computers.



A Computer Glossary. Encyclopedia Britannica Films, 1969.
A huge amount of technical information and computer

jargon is compressed into this ten minute film. Boolean

Togic, subroutine, nmemonic, nanosecond are some of the

terms addressed. Certainly, this is not an instructional

aid that demonstrates simply and clearly how a computer

works. For the computer novice, A Computer Glossary may

intimidate more than explain.

Computers. Bailey Film Associates, 1970.

Computers provides an instructionally effective
overview of computer form and function. It deals simply
and clearly with the concepts of input, output, storage,
the binary number system,and time sharing. Unfortunately,
some content is technically outdated (the use of punch
cards, for example; no microcomputers) and educational
applications are not addressed. Historically, it may be

of some value as well.

Videotape Materials

Bits and Bytes. TV Ontario Television Series, 1982.

To assist with its microcomputer academy, TV Ontario
designed and produced twelve one-half hour programs on
microcomputers, their operations, and applications. Each

program is a detailed study of one particular area of the
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technology. Program one, called "Getting Started" addresses
the concepts of bits, bytes, computer logic, hardware, and
so forth. Of interest is "Computer Assisted Instruction",
an overview of the microcomputer's use as a teaching aid.
Bits and Bytes is a thorough analysis of micro-
computers and meets most, if not all, needs for a computer
course. However, because the learner requires a video
cassette recorder associated with the microcomputer, "hands
on" experience is rather difficult to apply. Further,
because of the videotape format and its associated drawbacks
(cost, compatability, and so forth) Bits and Bytes is
recommended as a support resource for more detailed study
in particular areas of microcomputers and educational

computing.

Fast Forward. TV Ontario, 1978.

Fast Forward is a series of twenty-six videotapes
on computers and associated technologies. Each is a polished,
professional analysis of the microelectronic revolution's
impact on some sector of society. The videotape, "Education",
provides an overview of the computer's use for teaching and
learning. These are excellent resources and would complement

any level of computer study.
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Rationale for Development of the Materials

As a result of the search for suitable instructional
materials related to microcomputer form, function, and
educational applications, the instructional developer found
no appropriate learning aids which satisfy the need for a
complete, effective learning package to be used by provincial
school boards and teacher training institutions for the
purpose of training local educators.

Hence, given a condition of available but inappropriate
learning resources — many of which having some applicability,
but requiring major modifications (updating, transfer to more
suitable media) — the decision was made to design and develop
locally a learning package to meet the need still outstanding.
In consultation with the instructional developer's supervisor,

the package would be entitled, Microcomputers - How They Work.

Outline of the Developmental Process

This learning package, Microcomputers - How They Work,

was conceived, designed, and developed through the systems
approach to instructional design as described by Hannum and
Briggs (1982). This process attempts to achieve educational
results based on learner needs.

Broadly, the procedure is as follows: Learner needs

are identified through a systematic analysis of instructional
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goals and existing conditions. Tasks, skills, and concepts
to be Tearned are identified, priorized, and stated
behaviorally according to learner characteristics
Following this, media are selected, and the package
evaluated, revised, and upgraded until an effective,
polished module remains. Finally, the materials are
duplicated, packaged, and prepared for dissemination to
the public in need.

In the chapters to follow, these stages will be
dealt with in greater detail. A graphic illustration of
the systems approach to instructional design follows on

page 60.
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Needs Assessment (Chapter II)

(i) Goals identified and compared with status
quo.

(ii) If discrepancy exists then a need is
identified.

(iii) Instructional goal stated.
|
|
v

Instructional Design (Chapter III)
(i) Learner Analysis.

(ii) Tasks/skills/concepts stated behaviorally
as learning outcomes (behavioral objectives).

(iii) Media chosen systematically.

¥

Developmental Procedures (Chapter IV)

(i) Design and Production.

v

Evaluation (Chapter V)

(i) Package evaluated by learners and expert
appraisers.

(ii) Results examined for learner gains and
achievement of instructional goal.

(iii) Revision of package, if needed.
1
¥
Dissemination (Chapter VI)

(i) Duplication, packaging,and distribution to
learning facility.

Figure 1. Instructional Design Procedures.
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CHAPTER III

INSTRUCTIONAL DESIGN

Learner Analysis

Relevant Characteristics

Learner analysis identifies characteristics of the
target audience which are relevant to the design and
production of learning materials. Pupil age, attitude,
subject matter competencies, educational background, and mental
and physical abilities are some learner variables which shape
the learning package.

This project, Microcomputers: How They Work,was

developed in consideration of provincial school teachers or
similar groups who seek a gentle introduction to micro-
computers, their make-up, function, and application in

educational settings.

Age, Maturity, and Achievement

Most members of the target audience will be
elementary or secondary school educators with varying post
secondary education and teaching experience. Some will hold
bachelor and/or graduate degrees, while others may be part or
full time education students. The level of maturity is
expected to be high as all learners will be of varying adult

age.
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Attitudes

Prior to the design and development of this package,
the instructional developer probed the following question:
What are some general attitudes held by Newfoundland
educators toward microcomputers and associated technologies?
The literature — both global and national — clearly
demonstrates that school teachers presently are undereducated
in this area and in many cases hold negative views of
computers. This was delineated in an earlier section.
Attitudes toward such a pervasive technology may be unfounded,
yet firm, and in this instructional developer's view, require
a sensitive, empathic treatment.

From this initial enquiry a second question was
generated. What means may best modify knowledge and
attitudes of this population? Further in this report is a
thorough justification of the instructional design development
and media selected. However, it was ultimately decided to
utilize a visual slide/audiotape format coupled with a popular

microcomputer system for instructional purposes.

Content Analysis

Two essential questions are addressed in the content
analysis of an instructional package. What will the learners
do to develop desired skills and concepts, and how will the

instructional developer demonstrate that learners have
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acquired these? Such questions dictate examination of three
sub-analyses. These are, (i) the prerequisite knowledge
(entry behavior) learners should hold for full benefit of
the package, (ii) the tasks, sub-tasks and concepts intended
to be mastered and (iii) expression of these tasks and
concepts in operational terms as behavioral objectives or

outcomes.

Learner Entry Behavior and Requisite Knowledge

Microcomputers: How They Work is a learning package

designed for microcomputer novices. No special skills or
knowledge need be held by the audience, though post-secondary
teacher education and experience may be an asset. Learners
should possess normal visual, auditory, and motor capabilities
coupled with affective domain attributes — a willingness to

learn, for instance.

Task/Concept Analysis

This is a graphic display in hierarchy form of the
tasks and concepts to be mastered by the learners. Task
analysis begins with specifying the terminal (end) task/
concept and further dividing it into supportive sub-tasks/
concepts until learner entry behavior is reached. Figure 2,
page 66 illustrates the task/concept analysis in graphic

form.
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Behavioral Objectives (Learning Outcomes)

These are statements in measurable terms of the

behaviors to be demonstrated by learners following exposure

to a learning event. The intended learning outcomes of

Microcomputers: How They Work are listed below.

Given the appropriate instruction, the learner

should be able to correctly identify through multiple choice

identification, true/false selection, or state freely:

Le
2.
3.
4.

10.

11.

12.
13.

The meaning of output.

The meaning of input.

Some appropriate examples of output.
Some appropriate examples of input.

Input and output sources as features
characteristic of all machines.

An appropriate machine language as a
characteristic of all machines.

Instructions as one type of input required
by machines.

The meaning of the term processor.

The processor as the central feature of any
input-process-output device.

The work unit and the control unit as
processor components.

The operation order of the components of an
input-process-output device.

The computer as an input-process-output device.

Cost, size, and processing power as features
which differentiate among computers.
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14. A means by which input is entered into a
computer.

15. The operation order of a microcomputer.

Criterion Test Items

Evaluating the instructional success of this package
was through the use of criterion test items, which are
derived from and directly relate to the stated behavioral
objectives. For each objective there are two test items —
constructed differently but measuring the same objective.
Thus, there are 30 similar items for the pretest and posttest.
Moreover, to reduce learner familiarity with the testing
instrument, items have been rearranged on the posttest.

It should be noted, as well, that pretest items 10
and 24 (posttest items 11 and 13) representing objective 13
were disqualified from the formal assessment. Following
evaluation, a cursory review of the posttest items confirmed
the instructional developer's earlier belief that students
might exchange misinformation between items 13 and 11. As
this was the case, a revision of these test questions would
be necessary. Chapter V holds a more detailed analysis of
the formal evaluation. Finally, both evaluation instruments

may be found in Appendix A.
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Instructional Goal

Having experienced both the audio visual and micro-

computer portions of Microcomputers: How They Work, 75% of

the learners will have achieved a score of 75% or greater on

the posttest evaluation instrument.

Rationale for Choice of Media

Recent literature supports frequent claims that
instructional media, when properly matched with Tearning
outcomes, has high potential for instructional success (Sive,
1979; Perry and Perry, 1981). Given this, as well as
research supporting similar conclusions, then selecting
appropriate media for teaching purposes should draw special

consideration from the instructional developer.

Research Considerations

Ryan (1983) notes that past research demonstrates to
a large extent the impact media can have on learner cognitive
behavior and attitudes. His detailed review examines studies
by educational technologists and psychologists on a variety
of media, including overhead transparency, moving film,
photographic slides, audio tape, and assorted visual displays.
Findings suggest that media, when appropriately chosen and
applied, can enhance instruction by providing stimulation,

variety, and clarity in learning settings.
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Further, the same author surveyed provincial
educators and found media to be a desirable, if not necessary
component of teaching and learning, however, various media were
viewed differently with respect to instructional utility and
technical merits. For example, teachers preferred audiotape
in conjunction with photographic slides or filmstrips to
either of slides with script, audiotape only, slides only, or
videotape. Videotape was not desirable because many
educational institutions are still without a video cassette
recorder and no universal format exists. 16 mm motion picture
film was excluded from Ryan's survey due to inherent technical
impracticalities.

Given the academic and professional similarities
between educators Ryan surveyed and those this project
involved it is reasonable to assume this group had very

similar preferences with respect to educational media.

Instructional and Technical Considerations

In any systematic selection process for media, however,
other variables, besides research and surveys of teacher/
learner preferences, play important roles in media consider-
ation. Some of these variables include media attributes —
motion, color, pacing, random access, and sensory modes
(Thiagarajan, Semmel, Semmel, 1974), the nature of learning

outcomes (cognitive, affective, psychomotor), instructional
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strategy needs, learner characteristics (abilities,
disabilities, audience size, age, maturity, and attitudes),
media familiarity and availability, facilities, costs, ease
of use, production, duplication and distribution concerns.
For this learning package, potential instructional
media for audio and visual display required the following

capabilities:

Still Visuals and Pacing: These attributes provide

for instructor control of content delivery. This was an
important consideration since the presentation should be
paced according to learner needs. Also, since many of the
visuals are graphic displays, motion, as provided by moving

film, would be unnecessary.

Random Access: Needed, as well, was a medium
permitting easy access to particular sections of the content.

This is useful for review purposes.

Behavioral Objective Considerations: A medium which

promotes Tearning was critical as much of the package relates
to cognitive outcomes.

Color. Color was required to help differentiate
among the various parts of the operation chart. Also, it
adds visual interest to the graphics and photographs.

Sound. Audio capability was a vital requirement

needed to augment the visual display.



Other Considerations

The instructional developer considered several other
criteria prior to media selection. These included a need
for ubiquitous, familiar media which permit ease of use and
are applicable to large groups. Equipment, production,
duplication, and dissemination costs should be low. Given
the nature of the content and how swiftly computer technology
changes, revision and updating of material should be

inexpensive and uncomplicated.

For Test Challenge, the microcomputer component,
other criteria were considered. These included:

Programming Ease. A common high level language
would permit effective, yet relatively simple design,
development, and implementation of software.

Large Memory. 48 K or larger random access memory
was needed to accommodate the program's information and

data.

Hardware Considerations and Costs. Microcomputer

costs vary considerably depending on system complexity.
Initially, the intention was to utilize a relatively
inexpensive but capable unit with printing capacity,
acceptable monitor resolution, high data retrieval, disc

drive function, and swift response ability.
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Availability of Equipment, Service and Facilities.

In the hope that Microcomputers, How They Work is utilized

by provincial school boards or the Department of Education,
service, technical advice, and supportive hardware should be

available.

Decision

In light of these many considerations for media
selection, a 35 mm visual slide/audio tape format in
conjunction with a Radio Shack Model III microcomputer
system was selected on the following instructional and
technical merits.

Instructionally, 35 mm positive transparency meets
the need for a still visual medium useful with large groups
and providing random access to any portion of the program.
Pacing instruction to suit learner needs is an inherent
advantage as is the delivery of clear, vivid, color visuals.
Further, recent evidence suggests that still visual media
promote cognitive learning (Sive, 1979).

Technically, production, duplication, revision,
distribution, and use of both media are relatively inexpensive
and simple processes. Finally, audio cassette units and
slide projectors are widespread — found in most, if not all,

educational institutions.
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A Radio Shack Model III microcomputer system was
selected on the bases of similar instructional and technical
reasons. Firstly, the Model III system provides for 48 K
or larger random access memory, typing ability, disc drive
service, programming in BASIC, acceptable monitor resolution,
efficient data processing and information retrieval. As
well, Radio Shack retail outlets are found province-wide
providing equipment, service, and technical advice, if

required.
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CHAPTER IV

DEVELOPMENTAL PROCEDURES

Design and Production

The decision to design, produce, and disseminate a
lTearning package in microcomputer operation and applications
was made in light of a need for materials which will
effectively introduce some educators and other computer
novices to a pervasive technology.

Therefore, the instructional developer, in association
with his advisors, initiated project development by identifying
knowledge, skills, and attitudes which should be held by our
educators, isolated priorities, and stated these as intended
lTearning outcomes.

With the goals of the package identified, learner
needs considered, and appropriate media chosen, the story-
board (a visual display of instructional events) and a script
were created over a period of several months. During this
time the content, style of presentation, audio and visual
instructional sequences and strategy were continuously
evaluated, altered, and edited until a professional, polished
and effective package emerged. Following these initial
design stages, graphics were produced, photographs taken,
the audio segment recorded, and the microcomputer program

finalized. Technical information on production techniques
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and materials may be found in Appendix D.

Throughout the design and developmental stages the
instructional developer's intent was to create a learning
package which approaches the topic of microcomputers in an
informal, non-technical manner, avoiding the use of jargon
and tailoring the content to the audience's characteristics.
For the audio visual portion, it was felt that an effective
and novel approach would parallel microcomputer operation
with everyday home appliances such as washers, stereos,
shavers, etc. The intent of this comparison is to
demonstrate that microcomputers operate on similar functional
principles and hence are operationally no more complex than
domestic machines. Following is the instructional sequence
of the audio visual portion.

Introductory visuals. Several slides of children
using a microcomputer provides a gentle introduction to the
program. Appropriate music is supplied.

Slides 1-7. The viewer is given a brief overview of
differences between yesterday's, today's, and tomorrow's
classrooms.

Slides 8-11. The microcomputer is now identified as
an integral part of today's and particularly tomorrow's
classroom.

Slides 12-14. Microcomputers and household
appliances are compared as operationally similar input-

process-output devices.
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Slides 15-18. The concept of output is introduced
and defined using appropriate examples.

Slides 19-22. The concept of input is introduced
and defined using appropriate examples.

Slide 23. 1Input and output are identified as common
features of all machines.

Slides 24-27. At this point, the notions of a
machine language and instructions are presented through
the use of amusing, informal cartoons.

Slides 28-30. Processing the input via instructions
and the concept of a machine as a processing device are
hilited.

Slides 31-35. The processor as the central feature
of any machine is noted, as are its components - the work
and control units.

Slide 39. For summative purposes the overall machine
operation model is displayed.

Slide 40. With the general concepts of input-process-
output established the microcomputer is introduced as a
processing machine functioning on similar operations.

Slide 41. Characteristics of microcomputers are
features - its portability, low cost, and capability.

Slides 42-43. Larger computers and their inherent
advantages over smaller micros are explained.

Slide 44. The keyboard is featured as a major input

device.
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Slides 45-47. Instructions in the form of a hard
copy computer program using specialized language (BASIC)
are featured. A display on the monitor demonstrates the
output desired - a map of the island of Newfoundland.

Slide 48. The principles of machine operation are
reviewed using the machine model display.

Slides 49-53. For closure, some photographs of
children interacting with a microcomputer are presented
followed by the credits.

As stated previously, a microcomputer program,
Test Challenge, completes the learning package,

Microcomputers: How They Work. It is designed to supplement

the audio visual portion of the materials and assist with
the realization of cognitive and affective outcomes by
providing "hands on", manipulative microcomputer experience.
Throughout the development of this section, the
intention was to demonstrate simultaneously the micro-
computer's technical capabilities as an information
processor and its merits as a teaching/learning device.
To accomplish this, yet avoid "electronic page turning", a
testing instrument in game format was designed. The
decision to combine these two very different concepts was
based on a perceived need to provide computer novices with
a powerful introduction to computing - one which shows the
microcomputer as a friendly, applicable, capable, and

interesting product of modern science.



Given the necessity to support the audio visual
presentation, yet provide a manipulative experience
significantly different, a decision was made to retest the
content viewed earlier using a familiar application of
computers - gaming. This application has been shown to
boost both motivation and learning (Braun, 1984). Further
re-testing encourages recall of previously learned material.

The microcomputer component, Test Challenge, provides

an opportunity for "hands-on" experience, augments the audio-
visual portion and demonstrates the sophistication, capability
and operation simplicity of the microcomputer as well as its
utility as an agent for testing, teaching,and learning.

Test Challenge, however, is not intended to be an
intense formal evaluation by the microcomputer of earlier
learned material. It merely provides the user with an
opportunity to work the computer and at the same time attempt
to answer correctly 28 test items (similar in content and
format to the pre-test) within a selected time frame —
either 3 minutes (the expert level), 4 minutes (the
intermediate level) or 5 minutes (a beginner's level). A1l
items are either true/false or multiple choice and may be
answered by selecting the correct option. Feedback is
provided for response correctness but answers are not given —
the learner must repeat the game and attempt particular items
again. Of course, there is no requirement to complete a game,
as he may exit any time — either to begin anew or end the

session.
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Following the microcomputer sitting, a hard copy
of all events (the number of attempts, scores, time
requirements, level selection, and right/wrong data) is typed
by the printer unit and available for examination by the

user.
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CHAPTER V

EVALUATION

Background

Microcomputers: How they work is designed to

assist provincial educators and other publics in their
quest for fundamental knowledge and skills in microcomputer
operation, function, and application.

To achieve these goals, the materials were developed
over a considerable time period, continuously being revised
and upgraded by the instructional developer on the advice
of his supervisors, the expert appraisors, and the target
audience. Upon completion, they were subjected to a
thorough evaluative procedure.

The sample target population - thirty-three
elementary school teachers - were seen as a valuable
testing audience for two reasons. Firstly, none had recent
formal experiences with computer facilities or instruction.
Therefore, it was reasonable to assume they were mostly
without the body of knowledge the package would impart.
Secondly, as educators, their professional training and
skills provided them with useful evaluation techniques to
critically appraise the program's content delivery,
instructional strategy, and overall effectiveness. Feedback

in these areas would provide the instructional developer
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with information as to the program's ability to acceptably
improve the audience's knowledge in microcomputers, and
remove the mystique or misunderstandings which may exist

among the Tearners.

Evaluation Design

For evaluation purposes, the selection of an
appropriate evaluation design is perhaps the single most
important decision confronting the instructional developer,
as a qualitative package evaluation must ultimately validate
the materials' instructional effectiveness.

Presently, several designs are available to the
educational researcher, however, a widely applied scheme
is the one-group pre-test-treatment-post-test design,
whereby a traget audience is examined for pre-experimental
knowledge or behavior, exposed to some treatment and
re-tested to measure learning gains made, if any, from the

exposure. Graphically, the process may be displayed as

follows:
0 X 0
the audience the audience the audience
is examined is exposed to is re-examined
treatment

Aside from those variables which can jeopardize the
internal validity of the instructional package (history,

maturation, testing, instrumentation and so on...), the
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one-group design is useful particularly for short
instructional modules since many of the invalidating

factors mentioned previously are controlled.

Evaluation Procedures

Thirty-three elementary school teachers, generally
unaware of computers on a formal basis (courses, inservice
classes, and so forth) first completed test instrument I
(herein called the pretest) which determined their
knowledge of the material to be presented. After completing
this task, all candidates viewed the slide-tape component.
Following this, subjects were given the opportunity to
engage in a computer manipulation activity by playing Test
Challenge - the microcomputer component of the package.
Having interacted with the computer, the learners, if they
desired, were permitted to view again the audio-tape
segment or directly complete test instrument II (herein
called the posttest) and an appraisal questionnaire which
would provide broad feedback pertaining to the nature of
the package. With these activities completed, evaluation
by the learners was finalized. Next, it was necessary to
collect the data, subject it to statistical measurements,
and attempt to determine the package's effectiveness in

addressing the intended Tearning outcomes.
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Results and Analyses

Determining the effectiveness of learning materials
demands a variety of tests to be performed on data
retrieved from evaluation procedures. Such measurements
lTargely reflect the breadth and depth of learning and
assist in determining the origin of instructional gains.

As stated earlier, the sample target audience,
largely unfamiliar with computers and computing, was
tested prior to instruction, exposed to the learning
package, and re-examined to measure instructional outcomes.
Data retrieved from both testing procedures were examined
via various statistical methods, including a comparison of
group mean scores using the t statistic and an item analysis,
to determine the value of the test instrument and the
statistical significance of improvements which may, in

turn, reflect the value of the test instrument.

The T Statistic

The t statistic is a useful determinant of mean
significant improvements between populations tested before
and after some treatment. By examining the differences
between all pairs of data, the instructional developer
hopes to draw a conclusion about the effectiveness of the
treatment. A statistically significant improvement
suggests gains due to the package and not the result of

chance.
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The formula used to calculate and compare mean
scores of the dependent observations was ....

el

Xd
... where Xd is the mean difference between paired
observations and S§d is the standard error of the mean
difference. Should the computed value be less than or
equal to the critical region then one can assume no
statistically significant difference exists between the

two groups. Table 1 summarizes the results of this test.

Table 1

Results of Pretest and Posttest Analysis
Using the T Statistic

Learner Population (N) Mean (M) Standard Computed

Deviation "t" value
Pretest 33 63.40
2.30 10.60
Posttest 33 88.20
df = 32 p <.01

The critical value is 2.75. 10.60 exceeds this
value, thus demonstrating a statistically significant
difference at the .01 level between the mean scores of the
pretest and the posttest. Given this, one may assume the

package was responsible for the improvement.
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Item Analysis
This analysis individually examines each item, the
objective it represents, and assesses the realization of
objectives by the learners. Such an assessment is valuable
because problems or difficulties inherent in the package,
the test instrument, or the learners may be exposed.
Specifically, three sub-analyses comprise the Item
analysis. They are: The Z Statistic (Z), the percentage
of successful students on posttest items, and an index of
success. Results of these analyses may be found in Table 2,

p. 88.

The Z Statistic
A widely applied statistic in education and psychology,
the Z statistic is useful for measuring significant differences
between individual scores prior to and following instruction.
Further, the test will determine the likelihood of posttest
improvements due to chance or a result of learning through
the package. The Z statistic for correlated (dependent
samples) is ...
7= d -a
v d+a
where 'a' reflects the number of learners who scored
incorrectly on the pretest but correctly on the posttest
and 'd' reflects the number of students who scored correctly

on the pretest but incorrectly on the posttest.
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0f the 28 items examined, 13 indicate gains
statistically significant at, or greater than, the 95%
confidence level. Ten of the 14 objectives were represented
by at least one corresponding test item which was
statistically significant (Recall that items 10 and 24 were
disqualified from evaluation and thus determining learning
gains for objective 13 was not possible.). Furthermore, 24
of 28 questions reflect some degree of improvement between
pretest and posttest. However, because the sum of 'a' and
'd' does not equal or exceed 10 for several items, Z scores
could not be reliably computed. Hence, determining
statistically significant or insignificant findings for
pretest items 2, 4, 6, 7, 9, 11, 15, 16, 19, 21, 26, 27, and
29 was not possible. These have been identified with the
initials 'ND' meaning 'not determined'. Also, of this group
are items 7, 9, and 16 which reflect performance reagression
between both tests for the majority of learners; that is,
the learners appear to have performed better on the pretest
than after treatment with the learning package. Again,
because of a data shortage for these items, Z scores were
not determined, thus preventing further conclusions to be

drawn.

Discussion
A detailed examination of learner outcomes has
revealed findings of consequence to the instructional

developer. For example, while pupils broadly demonstrated
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statistically significant learning gains for the majority

of objectives, some learners displayed previous knowledge
and understanding of certain outcomes. This may be seen
with respect to objective 1 (the meaning of output, pretest
items 1 and 29), objective 2 (the meaning of input, pretest
items 15 and 27), and objective 11 (machine processing
order, pretest items 16 and 2). (See page 64 for a list of
behavioral objectives.) One may be inclined to consider
objective 12 for this category, however, a closer examination
of pretest items 7 and 19 reveals inconsistent learner
performance for these questions representing that objective.
For example, item 19 was answered correctly by 27 of 33
students prior to instruction. The remaining 6 scored
correctly on the posttest for an achievement of 100% (see
column 6, table 2, page 88). Yet, for pretest item 7
(posttest item 4) some students not only regressed between
tests, but 23 selected the incorrect option D (A and C only)
instead of E (all of the above). In this case, the
instructional developer suspects the majority of learners
were not cognizant that a microscope and lever balance are
processors. Therefore, in consultation with his advisor,
the instructional developer decided to replace distractor B
(A microscope and a lever balance) with names of more
familiar, everyday processors. This revision may be found

on page 104.
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4 % o 4 3 - N .969 875
2 27 2 R " 969 833
10 Tos 16 9 1 2831 818 .53
1 - 20 6 13w 1969 .857
15 30 9 0 54740 969 966
*-p <.05 .

p<.01
ND -Hot Determined
#=Disqualified From Analysis .

'a® =Number of Tearners who scored incarrectly dn pretést but corr:z: on posttest

"d' ~Number of learners who scored correctly on pretest:but incorredtly on

## = The Success. Index for pretest (tns 7 9. and 16 (posttest 1 » 10,
was not determined s tna 'd' exceed:




Success Index . € 4 3 >

A measure of the extent with which learning occurred, )
because of exposure to instruction may be found by calculating
the success index of posttest items. The formula is....

Number of correct scores .~ Number of correct scores !
on the posttest (a) 7" the pretest (b) ‘
§ =% . 4——maximum possible number
. ¥ = responses - b { %

) The quat1ent is a measure of scores reflectlng
- 1mprovement prior to, and ?nHowing 1nscructmn YA typical
calculation follows. . L a \§ el

= -] . ¥ . )
Objective 10 - Pretest -item 8; posttest item 28

S 27 S5 - o0
. (27 - 5) + (33 - 27)

o
N

N
ol

= .785 3

The .success index of .785 impH‘es thaf instructional
gains on 78.5% of these items was,—in all likelihood, due
to the package's effectiveness and not previously held

knowledge, as demonstrated by the pretest score.




Results of the Learner:tomuter Interaction

= As stated ear‘ller, 33 candidates werg given the
_upporcunvty to interact w‘lth a Radvu Shack TRS-80 Model HI
microcomputer f'o110w1ng the audio-visual presentation. The ¢
’ sitting involved pﬁyingﬁes;—cnanenge - A friendly,
inforn!al, campe_ti\tive game'whereby.the learner answers ,
Qquestions based u;n\ the subject matter viewed in the
N . audia-v’t‘isua] prese‘n’tation To meet the challenge,{learners
select an apprepriate Ievel of expertlse matched with
.o spec1f1c time frames (evther 3 4. or 5 minuteé periods) and
attem;t to score highly (an 80% ‘criterion_test lervel)
within the selected .limited period. o ’ e
: While 311 results were made available to the learner.
it was not stat{shca]]y valid for inc'lusmn here as.
candidates could free]y expemment, probe, and -examine the
program and hardware durl\g, or fnllowing, each’ game Resu,its
of this interactlon are, unfortunately, not’ usefuﬂ for ;
statistical measurement and represent only the sequence of
ev;enté and 1mpro\lamenc in scores made by the pupil nver——a
15" minute period.: A typical interactian may hav}e progressed
with the learner aitempting-several/items on a .first try,
perhaps realizing ‘the informality of the game and then,
without fifishing, initiating a new cha'l'lenge.' For examp]e.
student 12 answered correcﬂy 14 of 15 items on the first

attempt, yet yielded only %,_50% score (see table 3 following).
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Her record of events is included .to demo’nst'rate‘that generally
]earners were willing to engage in gaming with the computer

u\thout fear of time constraints and formal evaluatinn via

Vcomputev:. Sl-!laﬂy. some students who appearedﬁo be keenly

interested in the microcomputer continudd to play and improve

their scores until an acceptable level was reached.
W,
¢

— R
4 ¢ Table 3. —

Summary of Test Challenge Statisncs
for Student 12

NAE m.!» e TME vl e — W
. LINDA 1 50 . 4:39 8 1 1
tmoa 2 85 .. 338 - 1 - . 24 4
LINOA . 3 89 3339 E . 5. 1

- Examination of these scares reveals data ;hat i;
re'levant to the acqqisition of the package' s co mt'nve skills’
and objectives. 'Equally important, nnuever, is|the develop- |
ment of appruprlate attditudes - a prhnary ob)ec ive of nﬁs

package

¢ .
To measure feelings Harbored by the representative

3 » A .
audience and col'l"ect_feedback regarding the instructional .

anﬁ :echnrca'l merits of the packaqe. as we'l‘l as its f.laws.
a program appraisal questionnai‘re was distributed and

completed hy each teacher..
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LS '_ i Teacher Evéludtion and Feedback .
- ) . .
~ & . This evaluation form was completed by all candidates

- foliowing the pusgte‘st. A summary af'mean_ (X) responses_may
be found on page 100. Clearly, comments and broad feedback:
'-a.v_erwneimins-i-y suppor‘t .the whoie:»package %

v Initially, many ’Iearners were apprehensive ahout the
-~ miq.rocnmputer, but within the first introductar,y frames they

'rehxed and felt more at ease. In fact, several students
‘ were keen to 1nvestigate—£he disk drive unit and interna1
machine parts. Item 14 of Hre quéstionnaire encouriged free

student response. Included are these comments.

i ...Very enjoyable....Very interesting...
¥ Computer difficult to read...Fun great,

— well done. Get people familiar with

2 £ ‘computers. Demystify .interesting..

£y fun...excellent...very interestlng \

i lndeed teachers' evaiua:ing the total instructional

and presentation of content. Some expressed interest in
obtaining a c-opy for school: use. ~

Eva’luatiim by Content and ‘ieaching Sgecia’lisCs

Assessing newly designed tmstructional materia‘ls

requires a thornugh evaluation of their capability to meet
the need for which they are designed and, if necessary, to

. : i -
modify and .improve them until a desirable product is attained.

A ’ Given this, a thurough qualitative evaluation of coytent
— s s s S ¢




93

£, o8 corrgctness, yresentatian style and deH’very. medla‘usage.

' and goal a_chievement should be performed by k‘nowledgeab(}z

" experienced evaluators. % s

' <For the purposes of thls project consultants' from T

Mthe Sc1ence and ‘Media Dhnsmns of the Newfoundland' ’ |
Department of Education fnrmaﬁy‘ evaluated the package.
Giveﬂ\ .their background and'“famniar'ity with microcomputers J

and lnstructiuna] media, design, and deve'lopm nt, the

mstrucﬁonu'l deve'loper was confident of thexr capability N
apd_ competence to Eva]uate'the package for instructional
effectiveness, japp®opriateness, Aaﬁd Ats p‘ut_'en‘ti'al for
w'idespread‘dissemina{;ion\.\ g - . ._.

Following exposure \tu the whole package (the audio- v ‘

visuai-comp t-and—the-microcomputer sitting) the

aﬁpra!;ors and the instruczion}xdev‘é]opervgva]uated in~an ~ B

informal atmosphere of discussio the instructional and

technical merits of the package, me modifications for 2
1m$r0\pement, and its potential utn}‘ty by the provincial

. Department of Education, to assist. with‘ its computer - g
awareness plans. -

. An itemized questionnaire was com‘plet‘e the T
. appraisors to provide useful feedback. A summary of the

_ . mean.f_indings may be found on page 102. Item 18 provlded an
= s a




opportunity for them to comment freelz about the package's

mérits and drawbacks.

Reaction to the Audio and szual Haterials

Genera'lly. the appraisors were pleased with the ©

e Lp/;zkzr{e 3 technical productw_n; style of preseqtatmn,' B

content a:c‘umcy,and delivery. P_articularly, the graphics'

1

and phot‘ograﬁhy were of a prnféssional caMbrg - technically

well prepa_red and instructionally é?fective. . As gubjects,
the school ‘chﬂdren Glere natural and uninhibited. :l'he- |
reviewers praise fer the operat'lon nrder chart was.
particularly high as was the ugeof humor in. art work to Y
demonstrate the effects of an 1ncorrect order of operations.
In their view, the audio portion was acceptable but
Tess pleasing. Concerns were expressed aﬁ)out the narrator's
Ppresentation speed and accent..'tho'ugh_tebhnically t:he

o rgcording was of acceptable quality. ”

1.. The cr1t1cs felt thg inclusion of a ph

depicnng a micrucumputer s processur would add technical

,and 1nstructtannl 1mpact to the audio visua1- portwn

2 There was.some discussion about re- taping the

uﬂ\‘o-portinn-usmg another narrator, however, this was

not seen as a_major flaw with t‘he program..




‘Reaction to the Microcomputer Com oneént of the Patkage

o | & Using the micracumputer as an integral part of

the learning package \wa,s\ applauded by the reviewers. In"

their view, it is a f?\e’sn approach:-to’ introducing micro-
- coméuter form and funqt;on and has good potential for '
realizing vthe package's goals. n
- Aside from a‘égchpica'l difficulty with the printer
unit and some conc‘erns‘ af)u_tlt ghe microcomputer program,

thecritics felt the‘ m‘icrocomput‘er sict‘l'ngnwas worthwhile,

provrding a persnna] “hands on" opportumty to interact .

with the. cpmputev‘

‘Suggestions for Modification to.the Microcomputer, * - b

Cr B Y
L { Component of the Package e .
.y, s
AN s , v o s
“\: . The reviewers expressed the following congerns and

. suggested some modifications prior to dissedinatilon. These
included: . B .
'y . . 1. Re- arrangjng some introductory text mforma»tlon‘

into a more\m«\nageable, easy to read format. They felt

several frames contained.an excess of 1nfurmatiov@'w’h1ch
cnegtes reading difficulty. ) L ’

.2. Including|in the introductory text material more . -

explicit instructions regarding tﬁg‘gﬂ_ﬁe‘ry of 4 ie‘spons_e. “\

‘.Speciﬂcaﬂ'y, an 1r;st|Luction should st;te clearly whether

i : | the ‘user-must ENTER a response or PRESS’ ANY KEY. |. N

{ | 2 9

- i / J %
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4 o

3. Extend the "extra time" period. hen'. w‘uriﬁg J df/
play of Test Chal]enge. the a1'|otted time expires, a grant

2 of one minuCE extra is provided. The critiés suggested
this allotment 'is inadeguate and shou’ld be increased by an -

additional sixty seconds.

+  Other Recommendations »H’:— A
i v ¥

The reviewers wére generally pleased with Micro

$ 3 |
~computers: How They Work and feltowing ynadifi:ation !

[ . recommend its distribution to' schoo] bnards throughout the
province. They are a]so anxious to develop a package \ o

similar to this, but modiﬁed to suit elemgntary and perhaps.‘

\ - Junior high school studenti & “ . ke
\ o T |

\ . - CE ’
\ Instructional Developer's Reaction to the Expert

Appraisal and M ficatigns Made

\ S Effective evaluation procedures entail the sensitivity

of the instructional developer to a critical analysis by ) :
experts and when deemed .necessary, modify materials until an
v a:ceptahle. polished form results. . %
With this in m1nd, the instructional developer felt
. tﬁe_vf;ﬂ'low‘lng a1terat1ons were necessary to improve -the

package.




" either optwn and use the ENTER key.
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re-structured to permit easNer r g on the video display

unit (VOU)! Full paragraphs have been divided into smaller,

more manageable units of text.

2. Instru:tlo?@ stating more :learlly the pro:eduri
for responding to questwns were added to the intreductory
text information. : For examp'le, line 960 of the text asks
thelearner-"will we continue?", lni\:ia’lly. instructions
were not-provided directifig the manner to respund - either
YES(Y) or NF(N) and if the ENTER commnnd is necessary.

In the upgraded vension the learner is told to select

3. An additional sixty seconds was added to the

program's extension time which comes into effect. when the

initial time has expired. The extended time grant is now
.

two minutes which, the instructional developer and critics

“feel, is an adequate ti'!ne pev:it;d' to complete Test Challenge.

The Audio-Visual Package
=

No major ‘modifications were made to the audio-visual

~materials. Essentially, the criticisms were Considered to

be minor by_in parties and't(me-consum‘lng. alterations could
not be justified by inst}‘uctinnal gains. For exampie. the
narrator's non-local accepc'.should not* inhibit transmission

of information if the rﬁater{al is clearly delivered in a




professh"m‘al manner. It is n‘abewor:hy that none of the
thirty-three.learners commented negatively about any

portion of the audio deh’very and, in fact, rated the L

narration a mean of 4.72 on a 5 peint scale.

The -lnstructmna] developer agrees thft a migro-

computer processing unit would be instructionally useful,
however; such a cilange would entail including an additional
sl.ide, and re;taping the scm’th with fuv-f.'her statements noting
- the cpn;p'onev;t.'.. Considering all test items relevant to the
processor, its functiun vand its mbke-up (dbjectives 8, §,
10) have shown learning ga?ns (severa'l statlsﬂcaﬂy "
slgnlﬁcant) and that the 1nclusion of such a component is,
as the appra‘lsors agree, of only minor 1mpartanc ,» the audio 3
and video portions were not a1t?red to inc'l’yd]g a“mi_crot)omputer' .
processing unit,

Finally, to ensure the audio-visual productwn .
reflects state-of- the art hardware an additlonal slide of.

= modern popuTar microcowterj inc]uded at the! program H .
S *

introduction. [ 5 ) . B

“y ¥ J \ J ¥oh oy -
f % %A ¥ g o =
‘)IP\ . Conclusions ™ - ° . . -

ro The formal evaluation of Microcomputers: How They

. Work reveals broad 1nstructional ga(ns made by the
Sy

.
S representative target aud1ence witb the 1nstruct10nu] goal
that 75% or .more, of the learners achieve a raw score oT“w

o least 75% having been met. The T test is sign1fican€ at
! S TN




the .01 ’Ievel and test Hems of elght ohjectfves show
statistlta]ly signiﬂunt gains between preprogram and
postprogram tests. Further. all rena!nlng nb_)ectives are

represented by Hems dgmons«tra_t.lng improvement of nrying

" degrees. "% = s

Overafl, the apprusors and turget audience

.representatives/v’lere impressed with the concept, design,
'pruductiun, and’content delivery of mtrocomglﬂers ow
. Th ey Work. The?e !valuators feel it has merit and

’ npplicability, ahd with minor mcdifichtlpn\’shuu’ld prove

to be a va1uab1e learning aid = # o g 2 ¢
& @ . A
N i &
¥ 2 . i
- B
% I
1 - ¥
X3 ‘
- 'U 7 !
s ) '
. '
L S v
g 5 ; o LES!
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ﬁirec;ians:

Program Appraisal - Questioiinaire

Rate etite instructional

Summary ‘of Target Audience's Review

the number on the scale which best

represents the way you feel

question.

How would you rate the
organization of the
materials?

In.your viéw, “how
difficult was the-
proyram?

How about the length
of the program?

To what degree was
the information
clearly presented?

" How would you rate the

Tevel. of Tanguage?

How would you rate the
provision of feedback
in the computer program?

How would you rate .the -
provision of review in
the aud!o visual ﬁrogram?

- How wou]d you rate the

quality of the visual
material?

* How would you rate the
o

quality of the aud
material?

How would yoi Fate the
style of presentation?

disorganized 1 2 3

(1)(6)(26)

for each

12 3435
st Qe

program by circiting

~organized

short 1 2 -3 4 5 long -

' (8)(7

)(18)

unclear 1 2 3 4 5yclear
i (6)(27’

12 3 45
L naie),

not gnough 1 2

t 1 2 345
ot enough Gt

oor 1

m_lz:!

dislike 1 2

(1)(1)(14)(1»

4.5
(9X 2)

enoug‘h’

3 4 5 “good
(1)( )(22)‘9—

good

3 like
. (3)(8)(22)“‘7c

100

rlgg%?ng

4.

2.

4.

75

24

.63

.57
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Summary of Target Audience's Review (Continued)

Is there a need for not at all 1

more instructional
materials of this
kind?

’ To what degree

would teachers be
willing to use
this type of
program?

How wWould you
rate the overall
effectiveness of
the program?

Other Comments?

not at all

ineffective 1

Mean
Rating

2 3 4 5 much 4.54
(12)(&)313) >~

1 4.42

2 3 4 5 much
(1)(4)(8)(20)

‘.
]

23 4 5 effective.  4.60
(1)(2)(6)(28)



Sumhary of, Critics' Review
Program Appraisal - Questionnaire

Directions: Rate the instructional program by circiling the number
on the scale which best represents the way you feel
for each question.

Mean
Rating

1. How would you rate the disorganized 1 2 3 4 5 organized - 5.0
organization of the (2) _
materla]s? -

2. - In your vxew, how . easy 1 2 3 4 5 hard 3.0
difficult was the ) (2)
program? -

3. How about the Tength short 1 2 3 4 5 long" 2.0 .
of the program? w o (2) . .

4. To what degree was unclear 1 2 3 4_5 clear - 4.5
the information (1)(1)
c1ear1y presented? .

5. How would you rate the easy 1 2 3 4 5 hard 3.0
Tevel of language? (2)

6. How would you rate the 4» not enough 1 2 3 4 5 enough 2.0
provision of feedback (1(1)
in the computer program?

7. How would you rate the not enough 1 2 3 4 5 enoyf 3.5
provision of review in (1)(1) .
the audio-visual program?

8. Howwould you rate the poor 1 2 3 4 5 good. 4.5
quality of the visual ; N (1)(1)
material?

9. How would you rate the poor 1 (2) 3 (4) 5 good - 3.0

1 1) .

quality of the audio
mater{al?



How would you rate
the style of
presentation?

Is there a need
for more
instructional
materials of this
kind? 4

To what degree

5 103
Summary of Critics' Review (Continued)
- Mean
Rating
dislike 1 2 3 4 5 like 3.5
(1) (1)
not atall 1 2 3 4 5 mch 4.0
(2) 3 =
not at all 4 2 3 4 5 much 4.0
- (2)

would teachiers be
willing. to use
this type of
lprogram?

How would you rate
the overall :
effectiveness of
the program?

How-useful is the
computer component

.in assisting with

the instructional
goals of the
package?

+ How would you rate

the quality of the
computer program?

How accurate is
the information?

To what degree

would teacher %
trainers be willing
to use-this program?

Other Comments?
’

ineffective 1 2 3(4) 5 effective 4.0
—_— 2)

BN

not useful 1 2 3 4

3 very useful 4.0

(1)

poor 1(2 3 4 5 good 2.0
2)

inaccurate 1 2 3 4 5) accurate 5.0
2

= I
notatall 1 23 4 5 mch a8
‘ (1341) ;



ooo

" 108

Revisions to Pretest and Posttest Items of the

Evaluation Instrument

\
The following test items-have been revised as

recommended by the expert appraisors. :

i

Objective 12. Pretest item 7/ Posttest item 4

Original item

Which of the ful]awing operate on the principle of machine
operation?

[:] A. A stereo, washer and‘an electric range . 5
|:| B. A microscope and a lev{r balance

[:} C.. A wgcrocomputer and‘a fnod proces.sar ,‘ .
[J 0. Aand Conly

] E. A1l of the above

: : . 0

Revised item

Whith of the following operate on the principle of machine
operation?

[ A. A stereo, washer and an electric range
[] B. A toaster and an automatic coffee percolator
. A microcomputer and a food processor

4
D. A and C only
E. A1l of the above ®



Objective 13. Pretest item 10 /Posttest item 11

Original item

Computers are usually differentiated on the basis of cost,
transistor size, and paper tape processing time.

D True
[J False

Revised item §

Cnmputerz are usually different\ated on the hasis of cost,
size, an processing time.

[J True .
[ Fralse

Objective 13. Pretest item 24 / Posttest item 13

Originalv item »

Three fundamental features which may differentiate computers-
are:

(i) cost
¢

(ii) .

(iii) = s |

Revised item

" Three fundamental féatur_es which may differentiate complters

Size, input, operation order

Cost, operdtion order, size

Processing Hﬂe. size, and co

o o ©

a

O
O
O
|

Operation order, cost,'and proce sing time
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CHAPTER VI
CONCLUSIONS, RECOMMENDATIONS, IMPLEMENTATION
u i Conclusions .-

— .Microcomputers: How They Work has been locally

designed and produced to meet a’nee.d bysprovincial educators
for suitable .and effective computer based learning materials
in. microcomputer form, functi’on,,and utﬂity.- . N
"¢ To determine its capa'hi’lity for megti-ng ‘this neégf.

the packége was evaluated formally by a representative -

“group of the target audience.. Results-of this evaluation

‘revealed cognitive learning gains and positive affective

changes with respect to microcomputers. As well, some.

test imperfections were identj_fied‘which required iqpravement
revisions. An assessment was also carried out by expert
apprax’sors.'from the Provincial Departmept of Education whqg
made"sm‘/eral recommendations for improvement but overall
found the package to be a valuable learning resource.

Their recommendations-were 'gcknowledged, and following
further alteratin_n’s the ma‘terials were readied;for‘
duplication, pack.aging. and distribution. '

Recommendations
The ‘instructional developer recommends immediate

distribution and'use of Microcomputers: How They Work for

A .

\
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Apreservice. inservice, and extraservice courses in
educational computing for educators unfamiliar with this
technology. It may be used as 2 stand alone ins(ructjonal
package or in conjunction with other materials - perhaps -
one or more of the Fast Forward videotapes, if available.
Fu:ihermore, it 1—sr recommended that an additional
) ;;ack"age be designed and produced to supplement this unit.
While Microcomputers: How They Work prov%des a broad
overview of microcomputer architecture, function, and
teaching utility, another package could Exp'l(‘lre in greater
detai} how this ‘resanrc'e.may be used in teaching. Also
perha_bs some methods for' development of appropriate: 5 e

microcomputer based']g‘arning materials could be described.
s

Implementation

As suggested by many teachers who evaluated the
package, the expert appraisors and staff members of the
Le'arning Resources Division, Faculty of Education, Memorial

* University, the instructional developer recommends

distribution of Microcomputers: How They Work to all - %

‘Provincial school board offices, the Division of :
.InstrucHon, Newfoundland Departmef\t of gducaciun. the
Instructional Materials Centre, Pleasantville, and the

Centre for Audio Visual Education (CAVE), Memorial

.University.
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Finally, it is the instructl:onal developer's desire
How They Work be utilized fUMy by-

that Microcomputers:
eacher educators and education decision makers to improve

t
provincial teachers' knowledge with respect to microcomputers
and their applications in teaching and learning settings.
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INSTRUCTIONS

Complete thq following test as follows. For
multiple choice and true or false items identify the”
correct response by ticking the appropriate selection (V).
For free-response items (_ } ) comp1éte the space with
the correct answer.

»
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TEST 1
(PRETEST)

i20



Output may be defined as:

A.

Instructions or datd which are entered into
a machine and required by that machine for
processing operations.

A peripheral

Those products arising from machines which
perform processing operations.

Data stored on external devices and not
immediately %accessed by a machine.

device which delivers a hard
copy of data or text-information.

121

The 'operation order of machines which perform uperat}ons

is.

‘s

o
commands or s

Part _of thé input for all machines is in the form of

Input is usually entered into a microcomputer through: .

IRERRRRERE

A.
B
C.
D

Es

The keyboard.

The processor.

The control unit.

The video display unit’

Paper tape.

Consider the. following:

An input unit.
The machine, language
A memory fac1’|1ty.
The work and control units.
A bimary digit.

N
R



£ -
Which of these is the central fea({ure of an .
input-procevss-output device?
A () Zop v
B (i) - &(v) X ®
— o (i) \ .

6. An appropriate machine language is a common character-
istic of all machines. -

- True.

—_ False.

7. Which of the following operate,pn the principle of
machine operation? /

‘A stereo, washer,and an electric range.

A microcomputer and a food processor.

A.
B. A mjcruscape and a lever balance.
C.
D. A and C only.

FEETETLTT

E. A1l of -the above.

8. List the two main components of a processor.
1. 2% .

9. }onsNer the following events:

(i) Dirty clothes placed in a washing machine.
(i1) A thermometer indicates a temperature 'of 20°C.
(it The setting of a stereo's volume and tone controls.
(iv Student marks appear -on the-display unit of a
microcomputer.
(v) Electrical energy discharged from a generator.
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cost, size, and processing time.

123

Which of the above events are appropriate examples of
output?

Ao (1), (1), (411)
B, (1), (11), (111), (iv)
c. (1), (1), (iv)

0. (i1)s (V). (v)

Computers are usually differentiated on the basws of

True.
False.

perform operations are:

== 1

i
Two features characteristic of all machines szich
A. Some data and a coding device. 1

i

B. System commands -and a time-sharing capability.

C. An input source and an output sou‘ice,

D. A machine language and a batch processing
capability.

An appropriate example of input for an “everyHay"
machine would be

A processor is a device which: .
T A. cConsists of ir‘structiun_s for solving a problem,
—_ B. Changes input to output. .

C. Forwards in’str‘uctiuns to the control unit.

D. Preserves mternally stored information.

E. Both C and D. '

.



A
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is generally used as a

microcomputer input device.

Input may be defined as:

Those-rules which specify exactly how an
instruction is to be written.

A series of instructions within a program
which performs a. specific subtask of the
program.

;/

That instruction which activates the execution //'_——

of a number of other instructions.:

. - /
Any instructions, data, or materials entered
into a machine 'and required by that machine
for processing operations.

Consider the following machine operdation terminology.

(i)
i)
(i)

Process
Input
OQutput

The operation order of a machine is:

A
B.

c.

(iii), (i), (i)

(1), (i), (1i1)
(i1), (iid), (i)

D ‘~£il;~£iii)’ (ii)

An appropriate gxample of output from an "everyday"
machine would be _° .
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Which of the following is characteristic of all
machines which perform operations?

A. An appropriate machine language.

[N

B. The capability of the user to interact with
the' machine.

C. Only one operation stage.

D. Handling large quantities of input.

BRRN

e m1crocumputer operates on the pripciple of machine
Eratlnn.

o
° >

Ferr

True. i

False.

ich of the following may be classified as input?

=
E

A. A programming flowchart.
B. Machine instructions. ) .
C. Processing power.

D. A keyboard.

FELTTTTETT

E. Both A and D.

—

he operation order of a microcomputer is:

The central feature of.a machine which performs
operations is the:
A. Memory facility.

B. Control unit.

C. ‘Processor.

LTI

D. Machine lanéuage.




25.

26.

C o~

Besides processing capabilities all machines are
characterized by sources of and

Three fundamental features which may differentiate
computers are: °

A. Size, input, and operation order.

B. Cost, operation order, and sigze.

L

L. Processing timé, size, and cost.

D. Operation order, cost, ‘and proessing time.

A machine which cArries out the procedure of changing
input to output is called a ] o
5 i _—

Cansider the following events:

(i U.V. radiation emitted from a,radiation source
(11 Water streaming into & hydroeTectric planc1 §
iii

( ) An oven indicates 100°C after proper control
settings.
(iv) Automobiles arr1v1ng at the end of an assembly

Ti
(V) A daﬂy intake of vitamins.

Nhich of the above events are ,applropriate examples of
input? .

A (i), (v) ‘ R

B. (i), (Hi1), (iV)

c., (i), (iv) : )

Do ({11), (iv) ' ]

£ (1), (v ; .. @
¢

Instructions or materials which are entered into a
machine and required by that machine for prncess|ng
operatinns are known as
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- 28. Consider the following.machine components :
(i) An input unit.
5 (1) .An output unit. 2

(iii) A con&q] unit. % -

(iv) A work\ynit. ) .
(v) ‘A mémory facility. - X .
> * .

ich of the above components constltute a -processor?’

Ao (i), (iii) .

B. (i1), (iv) CRE .

c. (i), i) Y

0. odi). (V) N g

E. (iti), (iv) ] ! Y e
(i) , S _

.. 5 '

29. Those products arising from machines which Qerfnrm

operations are called

FEEELrrrn =

30. Usihg the'selection of microcomputer termino]ogy . v
1 provided, complete the following m\crocomputer . .
operation chart Hy plaging the correct term in the .
appropridte space \

.

Terminology ° 2 ,4 4" ¥
Input ) 5 '
Work Unit, 3. 2

Disc Drive : :

Run ol SR N l
Output 1'_,___ 2. 5
4

Processor . .

Hambiry ' ' o

Control Unit

R
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. “ t ol
A . \ e ow oo g
. ) INSTRUCTIONS P
! CompleteNthe fu_ﬂnw’inq test as follows. For
Juitiple choice and_true or false items identify the
ppropriate selection ( ).
plete the space with

orrect response’ by t
oF free-response items-(___ ) ¢

/
the correct answer.
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Which of the following may be classified as input?
A. A programming flowchart.
‘ . .
B. Machine instructions.

C. Processing power.

RERRERE

D. A keyboard.

,
Both-A and D.

An aﬁrapriate'example of output from an "everyday"
machine would be 5

'An"appropriate machine language is a common character-
istic of all machines.

True.

False.

Il

Which of the fonowmg operate on the principle of
machine operation?

—_ A. A stereo, washer and an electric range. L
— B. A mlcrnscope and a~ 4evet‘ balance.
:' €. A mlcrocomputer and a food processor
" D. Aand Conly. i .
—_ E. A1l of the above. >
Consider the following: - °
'd(si)) An input unit. °

i The machine language.
(ii1) A memory facility 0
_jiv; The work and control units i

(v) A N.\ary digit 4 "

' A

PRAE
- 0 >
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Which of these is the central feature of an
input-process-output device?

— AL (1) —D. (iv)
B. (ii) — e (v)
— c. (iii)
o

A machine which carries out the procedure of changing
input to output is called a '

Output may~be defined as:

A. Instructions or data which are entered into a
machine and required by that machine for
processing operations.

B. A peripheral device which delivers a hard copy
‘ of data or text information.

C. Those products arising from machines which *
perform processing operations.

D. Data stored on external devices and not
\mmedlate]y accessed by a machme
F. : I3
A is generally used as a microcomputer
input device. > )
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=
Using the selection of microcomputer terminojogy
provided, complete the following microcomputgr
operation chart by placing the correct term in the
appropriate space.

Terminology

Input . [
‘Work Unit . s |3- —
{ ]
| J—

Disc Drive

Run

Output

Processor - '
Memory !4.
Control Unit

Consider the following events: 7

(i) Dirty tlothes placed in a washing mdchine.
(ii) A thermometer indicates a temperature of 20°C.
(iii) The setting of a stereo's volume and tone controls.
(iv) Student marks appear on the display unit of a

. microcomputer.,

(v) Electrical energy discharged from a generatnr.
Whicarof the above events are apprnpriate examples of
outplt?

A.r(l), (ii),+(ii1) ,
B. (i), (i), (iii), (iv)
C: (ii),‘(iii). (iv)
D. (ii), (iv), (v)

Frrrnd

Computers )e usually differéntiated on the basis of
cost, siZe, and processing time. -

True. . % -

False. = p’
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Two features characteristic of all machines which
perform operations are: -

B. System commands

C. An input source

A. Some data and a coding device.

capgbilit

and a time-sharing capability.
and an output source.

D. A machine ]anguage‘\and a batch processing

Three fundamental features which may differentiate
comguters are:

—_ 'B. Cost, operation order, 'and

Input is usually entered
—_ A. The keyboard.
~~ B. The processor.
—_ C. The control unit.
—_ D. The video display unit.
T E.j Paper tape. it
/7

An apprapriate example of input for an
machine would be

A. Size, input, and operation order.
size.
C. Proc'essing time, size, and cost.

D. Operation order, cost, and processing time.

intqe@ microcomputer through:

4

"everyday"




16.

20.

134

Consider i‘he following machine components:

_ (i) . An input unit.

(ii) An output unit.

(iii) A control unit.
(iv) A work-unit. -
(v) A memory facility.’

Which of the above components constitute a_processor?
Ao (1), (411) )

(i1), (iv)

(1), (i4).

(i1), (v)

(iii), (iv)

FEEEErrn

m o o @

Part of the input for all machines is in the form of
commands or

Which of the following is charac{erisnc of all machines
uhich perform operations?

T A. An appropriate machine 1anquage.
__ B. The capability of the user to interact with the
machine.

C. Only one operation stage.

£l

D. Handling large quantities gf input.

The microcomputer operates on the principle of maching

Those products arising fr¥ machines which perform
operations are ca1.'lid
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23.
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Conside‘r the following events:

(i) U.v. radiation emitted. from a radiation source.
(ii) Mater streaming into a hydroelectric plant.
(1i1) An oven indicates 100°C after proper control

settings.

(iv) Automobiles arriving at the end of an assembly

line. 5

(v) A daily intake of vitamins.

Which of the above events are apvropr‘iata examples of
input? .
A (H1), (V) -

T B, (Fi),(i14), (iv) .
o (i), (iv)

b, (i), (iv)

— B (4), (V)

A processor is a device which:

:‘ A. Consists of instructions for solving a problem.
—_ B. Changes input to output. .

. C. Forwards instructions to the control unit.

" D.. Preserves internally stoned information.

—_ E. Both C and D. &

The operation order of machines which perform operations
is . - =
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. Input may be defined as:

25,

—_ A. Those rules which specify exactly how an
instruction is to be written. =

B. A series of instructions within a program which
performs a specific-subtask of the program.

.C. That instructjon which activates the execution
of a number of other instruction¥.

D.. Any instructions, data,or materials entered
into a machine and requjred by that machine
for processing operatiopns.

-

¢

The central feature of a‘m Chine which performs operations

is the: i v

A.* Memory facility. s

B. Control unit.
C. Processor.

D

[ERRERAN

Machine language. .

Instructions or materials which are entered into a
machine and required by that machine for processing

operations are known as® : :

Besides processing capabilities all machines are
characterized by sources of and

List the two ma®n components of a processor.

1. 2.
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Consider the following machine operation terminology.

(i) Process.

(ii)
(i)

LT g

g

A.
B.
c.
D.

Input.
Output.

he operation order of a machine is:

(1), (1), (1)
(ii), (i), (iid)
{(11), (111), (1)
(1), (i1 €

he operation order of a microcomputer is

N
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Answer Key for Revis®d Test Instruments

/ T Pretest
/ 1. c = s
2 Input —Procesd — Output
3. Insfructions \
o A N ‘\*
5. D . S
6 True T
7 E
8 1. Control Unit 2. " MWork Unit x
9. D "
10, -True
1. ¢ ) ) ' e
12. (Answers will vary) . : ' T
13. 8 ' i a
'14. ‘Keyboard 3
15.0 D
. 6. € LI '
© 17, (Answers will vary) ¢
/’7" oA .
\ 19.  True
\ 20. B
’\ .21, Input — Process — Output
22. ¢ —
23. Input and Output 3
2. ¢ : -
i 25. Processor .
2. A 4 . [
& 27. Input '
28. ' E ¢ o
29. Output L3 A\
30. .1. Input . 2. Processor . 3. Control unit (or Work unit)
V) L4 4. Mork unit (or Control unit) 5. Output
5 .
\



Posttest .
1. B -
2. (Answers will vary)
3. True
4. E
5. D
6. Processor
2. &
8. Keyboard ¥
9: 1. Input 2. Processor
3. Control unit (or Work unit)
4. MWork unit (or Control unit).
0. » - ’
11. True
12, ¢
13. (i) cost " (1) size
14. A A
15. (Answers will vary) i
16. € o
17. Instructions
18. A
19. “ True
20. Odtput
21. A o
22. 8 ’ .
23. Input — Procéss — Output
2. =y
25. ¢ I
26. Input s
27. Input and Output
<28. 1. ,Control Unit .2
29. 8
3Q.

Input — Process — Output

5.

Work Unit«

L

v

Answer Key for Revised Test Instruments

Output
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Y . B . ., (4 .

g . . B
= .
VISUAL 8 ¢ 5 AUDIO
§ 1o xow . :
. Children at microcomputer, facing - Natural classroom sognd - groups of children talking/
camera. . working at a microcdmputer.
[ 1.1 Mcu : Natural classroom sound.
L Children at microcomputer, backs
$ ¥ s to camera.
E - ‘ :
1.2 Natural classroom sound.

cu
: Child's hands on keyboard.

\ 1.3 McU 5 . / Natural classroom sound. ¢
Children at micyrocomputer, side-on,
i VDU ete. in view. / .

14 us : Natural classroom sound...(fade)...(voice over)...

Classroom, children at various "From the earliest and simplest of beginnings, the
\ activities, microcomputer group . classroom has always played an important part in
in foreground, plus teacher | school learning. In many ways, this modern !
attending to students. > classroom is similar to these of the one-room
oy : schaols at the turn of the century. What makes it
. o 8 . especially different, though, is the range of -
Y .o learning aids now available to students.” -
. 2
s 15 MCU ' ¥ "For example, tape recorders, films, and teldvision
. Children at listeninggcenter, many of today's students
\ other children-with other média  _ . . v
v in background. .- ,
. . &




- - s S
" VIsuaL - . AUDIO -
» . -
1.6 MU *"Many.of today's students, and especially tomorrou's
Group of .children around | students, howéver, are guing to encounter in their
: microcomputer, side-on. . - learning one of t 's latest
. the microcomputer"...(fade out) natural ‘classroom
- - sound...(fade ip) music...
- £ N
b T AN ncu - )&1:. (fade-down) ...(voice over)~.."This program,
B o .7 Children 2¢Mmicrocomputer; titleo- . "Micro-computers: How They Work,' is an introduction
MICROCOMPUTERS: How They Work-- to werocomputer technology.
2 ~ supered over. ® " s
- ‘- g, ;
1 3 - ! "
1.8 ' . o . . . "I this presentation you will see that a émputer
. Inpyt-Process-Output Chart . vorks on the same principle as many fanilibr and
¥ LN - everyday mchiines around the home.” ...(fdde-up)
': - = musdc. . -
\ L i N \ !
2.1_{'ws : "flthotgh many changes Bave tiken place Mf the
. Classroom, children at various Classroom, nany things have changed in your own -
. activities. . . . home, too.
Y .
J / 5 < =
* - 2 3-part.graphic: electric drill, . "It is now commonplace to.use many kinds of machines.
; shaver, hairdryer. - . Same of the simpler ones include.electric drills,
Lo . : . shavers, and hairdryers.”
> 2:3 3-part graphic: washer, stereo, "Some of the more elaborate machines include washers, -
: electric range. g stereos, and electric ranges.

r4421
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VISUAL e ~  AupIO ’?

YISUAL 2 AupLo ! .

2.4 MU C “ . "Although these machines seem complicdfed with all
Inside of washer, showing wiring, * their different parts, in fact they all have several:
ete. a basic things in common.” ©

2.5 McU K "One thing they have in common is that they all
Woman removing clothes from vasl',r. produce somethifg. The washer, for example,

: \\produces clean clothes."
‘2.6 cU- "The electric range gives us cooked fosd."
Woman removing cooked meal from ,
range.
I
2.7 @ ; "The stereo gives us sound."
Man listening to stereo with headphones. ‘\
. - g N,

2.8  3-part graphic: 2.5; 2.6, 2.7, "The products,“thb clean clothes from the washer,
plus "OUTPUT" overlay. . cooked.food from the range and sound from the

stereo arise from machines which perform operations.

& Ve call these products 'output'.

z&\cu " “To get this output, souething has to fifst be put
Clothes in washer, woman putting L into the machine.® For the washer, you have to put
in measure of washing powder. ¥ in the clnthes. scap, water, and then set the

. L controls." . ‘

2.10 Mcu "For the electric range, you have to put_in the
Woman putting food" into electric food and set the temperature gnd perhaps’ tine
range. controls." <

¥ o>
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VISUAL* -

2.11 :
Man pusting record onto record deck.

212 3-part graphic: 2.9, 2.10, Z:11,
plus "INPUT" overlay.

INBUT and OUTPUT blocks of
"machine mpdel."

2.14 Same as 2.12.

Loy
2.15 Cartoon: woman giving nonsense
instruttions to washer, in
desperation; puzzled machine.

2.16 CU a
Hands setting dials on washer.

AUDIO

"For -the stereo, you.hav::\u: on a record, fo! oy
example, and once again set the controls; in this
case, vg¥ume and tone."

"The things which are put into each machine --
iclothes, soap and water for the washer, food

and temperature settings for the range and tone
and volume settings for the sterdq are exafiples of
input. These sources of input are’entered into
and required by each machine for processing
opera:ions. )

"All machines hav!these two features in common;

+ they all require 'input', or what is put in, ant

they all give 'output', or what is produced, the
actual output being dependent on che machine itself."

"The 'input' required also depends on the machine; .”
except that part of the input for all machines is
'instructions'."

-
“In a way, each machine.has its own language; it
can only accept certain instructioms."

L |

"For many machines, these 'msuucuans are given
by means of dials and switches.

1229
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Electronic control unit.

cu
“PROCESSOR" plus "CONTROL-UNIT"
and "WORK-UNIT" of machine model.

"INPUT" — "PROCESSOR" (highlight).
""CONTROL UNIT" — "WORK UNIT"
(highlight). =

¢ .

D'CONTROL UNIT" = "WORK UNIT"

(highlight).

"'CONTROL v;r" — "ouTPUT"
(highlight:

Overall machine model (no
highlights).

AUDIO

"In order to do their work, though, each component §

has to be given directions as to when to start and

stop its instructions.

by the manufacturer."

"The control unit ‘and work uni® forma 'team'

process the input.

These directions are given
by what is called the 'control unit'.

The control
unit is given its instructioms, or s programmed, .

to

"Once appropriate imput is given te the machine,
it is relayed to the processor's control unit."

“After anerﬁing the inpdt, the control unit

sends directi
to do and when to do it."
.

"The control unit also monitors the operation of
"

the work unit and turns it off when required.
/

to the work unit, telling it what

"When the job has been completed,. the control unit

then ensures that the output is delivered."

"Each of the machines we have considered, the

T
v

L]

washer, the electric range, and the stereo, operates

on this input;- process - output principle.’

9pT
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cu N

Microcomputer.
*

.

MCy
Childryc microcomputer.

cu
PDP-11. /

ws
Students a\erminals, PDP-11
in background.

MCU {
Child at midgocomputer keyboard.

cu .
VDU showing BASIC code.

AUDIO . ™~

"Although appearing to be more complicated, the
microcomputer also works on the same general

. principle." :

"Microcomputers such as this are small, portable,
and relatively inexpensive, and, as a result, are
frequently used in the home and by small
és. These same make the
microcomputer attractive: for use in the classroom.”
-

"Not all computers are as small and as portable as
the microcomputer; though. This minicomputer is

not only physically bigger and more expensive, it
is also more powerful.”

"The more poverful a computer, the more infornation
it can process and the more people it can serve.

"Like other machines, the computer needs input.
this microcomputer, information is provided using
the typewriter-like keyboard."

"The informat®en shown on this display unit is part
of the instructions, or program, to display a map
of Newfoundland. On the last line, notice the word
'run'; this is the command to direct the computer to
carry-out or execute the task it has been given."

Lyl
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APPENDIX C

Technical

Information
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The following materials and equipment were used in the
production of Microcomputers: How They Work.

Photography N
35 mm film - Kodak ASA (150) 400
35 mm camera - Canun'»\sh¢wich 35 mm and 50 mm lens
Filter - FL-D Cumpensati‘ig filter for fluorescent l1ighting
Location - Cowan Heights‘Elementary School, St. John's,
Newfoundland, and the Learning Rgsources

Division, Faculty of Education, Memorial
> University, St. John's, Newfoundland

Audio
Narrator: J.P. Baggley

Location: Learning Resources Division, Faculty of Education,
Memorial University of Newfonnd]and, St. John's

Audio Tape: Sony 60 minute low noise audio tape

Music: 'Fanfare' by Elton John -

Microcomputer

Microcomputer language: BASIC (Beginners ALL-Purpose
! Symbolic Instruction Code)

Microcomputer: Radio Shack Model 111, 48K RAM !

Disc: Memorex Mini Flexible Disc 1d

v



APPENDIX D

MuTtimed’Ia Instructional Package:

Microcomputers: How They Work
- Under Separate Cover )
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