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Some ways in which microcomputers can contribute to

ABSTRACT ' ' T .

-the quality of instruction are outlined and problems that limit their

usefulness, particularly the scargity of good software, are
discussed. The advantages‘of using microcomputers as instructional _
tools are identified as more active learning; more varied sensory and
conceptual modes; learning with less mental drudgery, learning nearer
the speed of thought, individually tailored leafning, more
independent learning, 'and better aids to.abstraction. The following
seven problems of using microcomputers are also outlined: - (1) the

fact that microcomputers can supplement but not substitute for ,
conventional education; (2) difficulties in their use; (3) rapid -

change. and lack of standardization in the microcomputer marketplace;
(4) the scarcity of good software; (5) the lack of knowledge on

optimum methods of educational computing; (6) the fact that computers

favor formalism over judgment; and (7) the inability of computers to
solve social and other.problems in education. Software development
time and cost, machine incompatibility, software piracy, difficulties
sysbftwarelocation and review, home market competition; and_the
difficulty of. integrating software into'other clasSroom activities
are identified as factors contributing to the software shortage

problem. Suggestions for overcoming the software problem are also
briefly reviewed, such as the use of .tobl-type, modifiable, and

electronic blackboard programs. (ESR)
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C Stanford University < S
. '{/' -
_ “The romance and adventgrg the personal . I %TENTIAL&LIMITATIONS UF
. computer holds for many educ~a§9[§ and ' i . MICROCOMPUTERS
~ laymen are undeniablg: In a time of . g .

stringent fiscal aust®(jty'schools still As a student .of elementary and
‘f1nd,W§¥§ to buy computers for the secondary schoo] curr1cu1a, I have -
- classroom: PTAS collect money through witnessed the parade of reforins and
‘bakesales, parents donate equipment, '~ . ‘jjnguations since Sputnik and have marched
teachers buy machines for their c]aggfgoms in many of them myself. Now, 20 ygars
out of their own funds; principals find later, I would call myself a hardened
Wways to-economize on toilet paper and use ‘veteran -of educational revolutions. And
Fh§]§avin9$,foda”¢9¢p?t?ri,189§h~§h$~ , yet I find myself excited by the educative
public press and professional journals i potent1a1 of m1crocomputers--not just the
._sport articles on cemputers in nearly - dream mach1nes of tomorrow but also
every issue: , : _ today's App]es, Ataris, TRS=80s, and IBMS.
It is 1mP0531b19\t pre$1ct]20w ]659 *, + In an effort to avoid repeating my paT
computers-in-education wi]l. hold the , mistakes, I have tried to assess careful
spotlight of public and professional © and GBJécEively the potential and the
atte?$102. F1vi0years woul?dbg an, 5 - limitations of today's microcomputers as
excellent run ygars wou Wﬁ Ehe est educational aids. Briefly, I believe that
.s1nce progressive education. at con- today's m1crocomputers represent a sub-
cerns me, however, is not the length of® stantial and exciting educational
the run but W“ﬁt will ;ema]n in the = resource; but one with distwnct limita-
sgdoo > W entthe oomt d runﬁ‘F§”C$9F;§ ‘ tions: And I believe that exploiting this
;2 atzez ﬁc as Cgﬁ u; th? 5999”;9,,: resource will be a difficult and dangerous
When that happens, the fate o computers - undertak1ng'for schools.

in-education will depend on the instric=
tignal uses to which teachers and students

can put their computers,. , .. ~ The P’oteﬁti’al df}mcrtjé Today
W,,Thl§ paper will outline some ways that - What can students legrn or teachers
_ microcomputers can contribute to the teach using computers that they could not
F quality of instraction and will also do, or could do only with difficulty;
— identify some of the problems that limit otherwise? This is the fundaméntal
— their usefulness. One of these problems-- question. My,experiehce;;dériVEd from
the scarcity of .good programs or “the three years of reading, thinking, and
— software problem"--is the focus of the ~ ~working with computers and computer-based
— second part of the paper. L education programs—-]eads e to identify
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seven main ways that today's micro-
‘computérs-can contribute to education.
These are: 1) more dctive learning, 2)
more var1ed sensory and COnceptual _modes,

nearer the speed of thought - 5) learning

better tdilored to individuals, 6) more

‘independent learning, and 7) better aids

to abstraction. 1 will comment briefly on

each of these capabitities.

P~

1. More active learning. One of the.
most universal pleas of educational

reformers from John Amos €omen1us to dJdohn
Holt is for. more active ledrning: And one
.of the most consistent findings of.
| research is that learn1ng of

educational
all kinds is enhanced when learners can do

something with what they are learning and
see the results of what they have_done.
Computers can be programmed to call for )

imnediately to that input. Thus students

| can attempt learning activities and can

\rece1ve feedback on their attempts--a
‘level of activity not possible while .
‘reading or listening .to a teacher. : This
accords well w1th you gsters 1ncl1nat1ons

impression an the world around“them. %

6omputérs ‘are interactive.
mater1als to be learned nor simply a,,
medium of expression for students. It is
both, and more. A computer is also a
device for process1ng & student S response

~and. determ1n1hg in a spl1t second where to

go froin .there, = A computer can present a

new. stimulus that acknowledges a.student's

- forimer response no® only verbally but in

content, appearance, and timing, Thus
students clearly see that their input

counts, that the program is responding to
what they do. .

2. More,vapuyiémmsocyganduuummptuaLW

moaes. Microcomputers as they come from

the .store can display letters and simple.

shapes in color; they can play single

tones of vary1ng p1tch ~duration; and_

loudness.

typewr1ter keyboards, game paddles,

joysticks; light pens; or digitized
They can be connected

drawing pads.

A computer

. .us; we find it exhilarating. " Our-

electron1cally w1th ahy dey1ce that can be

made to generate or yespond to an .
For example, reason-

electronic signal. f )
ably priced equipment is now! ava1lable 4
that can link m1crocomputers with o
videotape or videodisc players, electronig

musical instruments, scientific instru-

ments, physiological monitoring equipmmt,
household appl1ances, and other computers.
This makes a computer an enormously .

versatile- teaching tool.

3: Learning with less mental drudgery.
Mental drudgery is doing things that you
already know how to do and that are .not
fun. It used to be widelyqthought that
'such drudgery aided moral development.

much drudgecy still seems unavoidable in
educatlon—-carry1ng out the 1ntr1cate ;5
analys1s of scientific data, rewr]t1ng and
retyping drafts of a paper; searching the
library card catalog and then the shelves
for the books one needs, and. so’ on.- Such

proJects. o . P,
~ Utility programs Such as a spreadsheet
for numer1cal calculat1ons; a word
ﬁrogram can eliminate enough drudgery to.
make realistic problems manageable for
youngsters.f

programs perform automat1cally, they can

. then concentrate on planning_ and strategic

skillss

Learn1ng to use such -utility

programs ‘should give youngst®rs a powerful

set of tools for analysis--tools that

_require less time-and effort and yield -

more penetrating and widely applicable

results than all but the most talented,

well trained; and disciplined of us can
now ach1eve.

- '
.

. 4 Learning nearer the speed of _

""""" When_we -encounter, new 1nforma—
t1on whether live_or recorded, that _is
presented at exactly the. r1ght,pace for

attention does. not wander; nor _do we .fall
beh1nd We follow thé train of thought
1ngly W1thout effort.

¢
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, Programg'can be written to monitor = .. -
Students progress through lessons; to
much too slow. People can foTl oW, Speech note ‘errors and offer extra practice or

more easily when it is played bacmkat a. " . more “instriuction where sperforgiance is’
a

speed at 1east tw1ce the normal rate. BT weakest,zand to offer help and advice .
""" Instead of

But we seldom experience th1s‘per$ect i
match. ‘For exampld, sSpeech 15 usual]y

] - #bsorb. 3
new and strange 1dei, ord1nary speech may

' por1ng over 4 puzzl}ng equation for hours, e
be ‘too fast. - _ - ‘- fruitlessly Seeking the source of ‘one's ' *

4

> ; . L . m¥sunderstanding; a session- with a good
Properly programmed”iomputers465n <" " program would. detect the problem and
-match the pace and tim#hg of a presenta- - :pr9¥1?e,95§1§t§ﬂ6?79919k1y3”,For;thﬁ,7”‘,rv,g
tion to a learner's requirements at a ¢ h19h]yﬂmQF?Vaf??ﬂ?f“gSﬂE§;§“?ﬁ;h?1B;CQ”.”“"
.given moment: The result is saving time; make the difference. between being able to -
am.average time saving of one-third is 1é§rn;1n§¢p§“de"$7¥ and being forced to ,
.- typically found in comparing computer- . , find,a teacher--an opt1on that”is not R
basegd-education programs 'with conventional 7 a]ways open. : ' '
ones Moreover, sat1sfactvon, pleasure, v S . -
7. Betterua1ds to abstract1on. The act
,'of rogramming. itse]f €3 1 be an a1d ®o.
reformers--1nd1y1dua11zed”rates of “un 9**9****’*9 1T ca When we write
1earn1ng-—rout1nely attainable. ’ . _.a_program, we represent’ compiicated -
’ .. tprocesses precisely and ‘directly. ’
B §WindJ4LduaHy ta1lored learning. It Learnmg to write clear, <complete
is_possible to program a computer to ' Minstractions that enab]e a machine to

compose ‘a lesson on the spot, tailored to
using

3 carry dut a task i3 every bit -as difficult
as (and

, perhaps mo useful in an

" ¥ Plectrdnic age tha§7\4earn1ng to do_

arithmetic compbtatfon * Writing ‘even a

simpl& program -is a Form of abstraction

. : . that is closely :akin to action; and for
when;]earnﬂng difficulties.are net’ that ‘reason it inay be more.accessible to

remediable; as in the case of hand1capped young people than(the static-symbolic

nd forins we have trad1t1ona11y struggled to

v1dua1a11m1tat1ons and concentrafe instead - teach them. 5 ’i ’ _
“on 1nd1v1dual strengths. As the amount R R ] .

Al

the responses of just one student,

rules for selecting and combining

preformed components according to the

student's pr1or responses.

T
.
-
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. Tearned grows, each of us will. encounter

our own limitations more often. We can

all-b&nefit. from extend1ng our perfo?mance;

B

with the aid of compugers.‘

‘\ \

Moceelndependentelearn1ng.‘7Anyone

s

who has tried to learn a-subject-entirely «

without guidance from another person Knows

that the most serious challenges are

.verifying progress and" sustaining mot1va-
“tion. ' Computers offér” studénts new. .
posslh111t1es for independept werification

of therr own progress.'

.
[N »

1. James [ Ku11k “and

(Rybs Bangert G*w‘

Teaching en Secondary School Students,
J. Ed. Psych., Feb. 1983, 19-26.

) .

, Computer graph1cs and computer simula-
t1on are alsowpowerful new means of

and to
' Computers can be
programmed to create mode] worlds that.
operate”according to a combination of -
strict rules and ¥andom processes and to
give students complete contrel over them:

These simulated worlds should be powerful

- aids to cbnceptual learning and: thinking;

enab]\ng studeuts to learn abstract
relat1dnsh1ps more easily than- by mere]y
.reading abolt them.

__ The pot®ntial of computers in education
is very great, but-it is ot un11m1ted .
Let me now iurn ‘to ‘some of the computer 5

limitations.
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The
to be the ﬂmst severe 11m1tatrons of
_today S microcomputers. 1) M1crocomputers

‘they cannot substitute for it. 2). Today}s
'“microcomputers are hard ‘to_use, and !

. supply.  3) New’ prﬁducts and systems are’
being created' and marketed in such= -

profusion; with-such speed, and with so .

Colittle standarg1zat10n that' systematic,:

long-term planning #s _nearly. 1mposs1b1e.

'4) Good programs are, scarce becaduse

creating them for today s microcomputers

Jds difficult, t¥me-consuming, and expen-

< sive.. 5) We are only beginning to

understand how to-use m1crocomputers 1n

education; therefore; it is; easy for" a

schoo} .or teacher tp err, 100Kk, foolish,. or

o d . harm. 6) Programs for teaching
A exdlicit: formal models can be ,”,”_.H‘

)1icit,; formal models can be create
: realey with knowr techniqués, but it is
much more difficult tosuse computers , to’,
. teach. SUbJECt matter that indolves 7

judgment; ‘intuition; improvisation; and ,

creativity. 7) Microcomputers will not
'solve (and may aggravate) several of the
moSt serious current problems confronting
‘education--notably eqgity, school finance,
and divergent public éihéttatiéhs. Each

re]aborat1on. o ¢ ) R

~

.- iy RN -
1. Supplement) not substitete. IAde-
.pendent: study; home learning;.and distance
R ]ééfhihgfﬁ]] have low .rates gf completion.
Their chief ﬁ;:g]em’iﬁ to sustain

.- motjvation and participation in the
-.absence of a Yearning group, a t&acher,
and a social structure. The)studie$ of
computer -based education reported in. the
literature gover ow]y uses of the computer
“as part of Wn ongoing ¢lass or school.
Athough- ‘computers have geneEally been’
successfu] tin these stud1es, ap

~educational system Via compu;er.‘ ‘Indeed,

2. Ib1d., p. 123 \\g

. . . N »

we have not yet demonstrated that it can
be done at all.. At least for the.next
decade, .computers will be strictly
supplementary to convent1ona1 forms of
educat1on ' .

-

_foq‘Educators at Stanford University

, 2 MtCrocomputers are hard to use.  Our ;
experience at the Microcomputer Institute

duriing the past two summers indicates that

m1crocomputers for CAL, learn. to proggam
~1n BASIC, and learn to work with

youngstiPs in computer literacy and

computer programming courses.in:six weeks
of full-time study, six hours a day, . five
days a week--a total of 180 hours. ~ :

Perhaps this f1gure could be reduced

somewhat by careful p]ann1ng. But what

rema¥ns wou]§§5t1]] require more hours of

single. semester- ]ong

study ‘than a

college: cour

.

And Such a course of study is gnly a

\
P2

ﬁeg1nn1ng for' an educatdr who wants to use’

computers professionally. Each computer
has .i'ts own way of doing things; whigh
must be learned anew regardless of prior
experience. Each-of -the half dozen or so
computer languages in widespread use

-requires further hours of Study. Each}he?><
round. of products is more "user-friendly,"

.are as edasy to use ds movie “projectors-- ;
machines that are a]ready too comp]ex for

many teachers.

hangihg rapTd]y and each one- has its own
peculidrities; the return on 'the. 1nvest—

-~ but it will be years before microcomputers

meht of time and energy in, ]earn1ng to use

the system is low. ‘As soon as you've.

mastered one system and become comfortable -

With it; another one becomes available

‘tenth &s much. The on]y prob]em is that

it w®1 take you a year to learn the new

,ystem.

Schools do not have the resaurces td

provide contlpuous inservige training for
ever-changing “qomputer- systems, nor_ will
teachers' continue_ 1ndef1n1te1y to give up

their Epare timeg, In addition, software

'

¢
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~ and accessories purchased for ex1st1ng

t e ‘new ones;

mach1nes _may not work w1th the next,

incompatible w1th competltors mach1nes.

e 0

Rolicymakers face the choice of

1nvest1ng in. todiy s systems and forgoing

or, perhaps worse,; they see

% _this same painful chéice will

7cont1nue to confront them 1ndef1n1te]y.

Th1s makes 1ong term p]ann1hg near]y

economies- of scale that could come from °

coardinated programs of. adoption and
purchase;

Perhaps standardization will

- eventually come to.the computer industry.

. Shortage of good 'software

and so_on--ane to be exploited.

But P donnot :expect it within the next & .
five years and probably not w1th1n the
next decade:

.

4,.Scarcity of _good_programs: Mbsfﬁ,f

act1v1t1es for their classes: \Some create
new activitiés; and _a» few of these write
up their creations for publicaticn in
professional books orjournals. Only.-
occasionally is a. teacher also: a' developer -~
of commercially published curriculum 2
materials. Developing softwarq for
computers is at 1east an order of -

magnitude more d1ff1cu1t than deve]oping

print materials that occupy a similar .,§\;'

amount of 1nstruct1ona1 t1me. In order to

to program a$ we]] as to write. And a

- .great many more instructional decisions

must be made 1f the additional'

“handling students’ ,responses,,feedback,

»

targer, more expen51ve microcomputer
systems can make the software deS1gner St
"job easier by prov1d1ng such aids _as
utilities’ programs for graphtcs to make.
drawi g on the screen eQS1er, author1ng

eff1c1ent]y. W1th1n the next_ decade, even T

more._ soph1st1cated ‘tods will bBcome -
_widely available; further simplifying the
-design of Software, But educational -
software design will remain a highly -
skilled’graft. that - few. will master; and- a

< ~

- classrooms. 1
" elassrooms is Sp?ﬂt with teachers talking

v yedr.,

K

‘ ersatz k1n--carry on

-and; in genera]
‘ambiguity .- '

The only

c6mputersgwellgfﬂﬁgedhcatlon1 he only

thing that is absolutely clear .is that the

introduction of computers will requ1re

changes in the day-to-day operation of

Most ,of the time in today's"
and children listening: (Two-thirds of
all ‘classtroom time is spent this; way, -

-researchers say. )

eva]uat1ons of education programs that useL

computers have studiéd programs in which

themselves on s1mp1e drill-and- -practice
rout1nes or tutor1als.. We do not k now

or of g1v1ng youngsters access to mass1ve
11brar1és of .data. We will simply have to

try- d1fferent ways of using computers and .

-

carefu]]y assess the resu]ts as we go.

procedures has been worked out.
of artificial’

“itself the task of discovering the extent

to which those human capabilities we

regard as. 1nte111gent can be represented

in rule-governed procedural models and

therefore programmed for computers to

carry out.: ' Perhaps at some point we will

discover that everything we now regard as

intelligent about: human behavior can be
programmed for computers. Consider the
adJustment such- a discoevery would require.

in the’ self-image of our—species: In the

meantime; people.can. do many clever and -

important things Far #dtter than their
onversat1ons, make

theor1es, infer intentions from behavrors,

handle nove]ty and

]

W



Using today's microcomputers; we can
construct qu1te complex_formal models; and
these can be used to help teach students
how to; work W1th forma] systems of }
kde]édge, """
computer'treatment, of course, but so do

.

.parts of science that treat forma] -
theories and their consequences (e.g., the
physics of motion or calculations
involving chemical equ1l1br1um), skills
such .as typ1ng, masses of arb1trary facts

But not all. Literature,,tﬁe afig,,f

unformalized, those parts of the so€1a1
stud1es that require a broad or deep
understanding of human interaction--in_
short, much of what has traditionally been
cons1dered the core of the humanities

remains unformalized, not yet reducible to
les and Computers

‘can be used to help teach these "soft"

"fgrmal rules and procedures.

subjects, but their application is neither

simple nor straightforward. And the

difference. between a student working with .

a computer and the same student working
with a qualified teacher is much greater

<in these areas.

SQhool,prleems.
racial ba]ance to segregated schools or

or socioeconomic c1ass.
for education do not appear 11ke]y to rvse
because of_ m1crocomputers : R1va1 segments

contrad1ctory expectat1ons for schoo]s and,

‘to struggle to 1mpose the1r own v1ews on

the schools.; ‘Teachers will continu

.'laid off, the teach1ng force W1]1 cont{nue
to age, ‘and few talented young people wWill

.thoose teaching as a career, Educators _
and- éducatiohal 1eaders Wi]] still have to

N -

Wt is conceivable that a computer, ]
center could be run sa as to harmonize the
soc1a1,d1v1s1ons w1t d Sschool and.
community. But unl ‘special care is
taken; eshputers are 11ke]y to be used,
mainly by middle-class male students for
mathematics and science 1nstruct1on.,‘A
talented,  dedicated teacher or-school
administrator can counteract these tenden-
c1es,and,1nsure,that all children have
relatively equal access to computers. But
this takes effort p]ann1ng, and coopera-

cpmputers supply these comm0d1t1es.

"t

Since m1croc0mputers play a supp]emen-

* tary role, they worsen budget problems.

Even if the computers are donated.to the

schools, they must be maintained and
* repaired, people must be trained to use

them, and software must bet created or
purchased.

the cost of education.

Thus computers still add to

-

The ph1losoph1ca1 chasms that divide <

the various publics served by.the schools
also divide supporters and opponents of
computers: Already the mark of progres-

sive, open education can be seen:.on.LOGO--

- and that of conservative educational

philosophy on drill-and-practice programs.
Already we can hear the clarion calls of
educational SIagahééfS;,?uch as; "Will the
computer program the child or the child
program the computer?" :

As a new competitor for limited
educational -resaqurces; computers are- .
certain to arouse opposition. Computers

/

threaten to disrupt established classroom -

routines and to put_new pressures on _

~ teachers; so it W6U1d be surprisihg if

and trad1t10ns are a]armed at the
possibility that their notion %f a good
education will not survive the: W1despread

use of computers.
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_ opportunity to explore a new and very

Sumiming Up
i .

. Is 1t worth it; then? Are' the
11m1tat10ns too severe a d the advantages
too s]1ght7 or

for computers in education.

For some:* commun1t1es, some schools, and
some - -teachers, computers -are not worth it-

-not now, ‘not today S m1crocomputers.'

They can ya1t and see wWwhat happens, .
in later if things go well, when the

hardware is more stab111zed and the -

Butfltrlsfyery important, I think, .for

some communities, some schools, and Sore

teachers to embrace computer- based

‘edgcation wholeheartedly, to strive to
make it work for them. Success in using

m1crocomputers for education will not

solve the serious educat10na1 problems

schogls face; but failuMe will Teave the

schoo]s even more poorly équ1pped to 'cope

with them; . o <

:

Thé m1crocomputer and - 1ts re]at1ves,

the bther information technologies, are

the new too]s that happen to .have 'been

tearn1ng to use _

* them. w1se1y and well is one @f the major

We have the

challenges we face:
- powerful medium of education andeexpres-
sion, How can we let that chance slip

~away? A

»

‘" II: THE soFTWARElPRe LEM
Whegfthe t1me comes to uSe’ computers
something beyond computer programming
and computér literacy, the software
problem:1ooms. There seems to be a great.
deal of software: simply wading through

all the titles search1ng for what you want
can be a day S _Work.,

L]

i Why is it so difficult to f1nd good
educat1@gal software? ‘Is there anything a,

teacher *br schdol administrator can do to
-alleviate the problem? -

Is 4t- 11ke1x to
get better in a’ few years? These are the

In cons1der?ng them 1 will need to beg1n

with the more basic issue of how computers
are used in schoo]s._ -

I

¢ ~

-._." CoD,

41
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Varied Patterns of Use
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v

"~ . -Computers can play a var1ety of ro]es

Tn_education, ranging from - the most

marg1na1 of rolés--as.a supplementary

optional act1v1ty for a féw Students$; to -

the major role as a "teachor‘I of a: course,

Much of the.excite ment about computers in

education is attached to the Z,:‘dea of the
computer as a’“teacher” in its own right-=-
as a Socrati'c, tutor, as.a magnificent
d1agnost1c dev1ce7 locating and remedying
students' misunderstandings, or as the
ultimate audio-wisual device branching

students :through the Library of Longress

on personalized 1earn1ng paths.f-Butsthe

present reality 'is that computers play-

mainly a marginal role in schools except

in computer programm1ng~and computer
fiteracy classes and

such vpcational

courses as typing, accountjing; and N
electronics. 5 _ :

general purpOSes, such as operating .-
systems, 1anguages, word processors, . b
But
when we turn to 1mportant app11cat1ons of
computers to mainstream academic courses
such as Eng]vsh math; science;. soc1a1
stud1es and 1anguages we find the software
""" We ‘also find;
and it is no coincidence; that use of -
computers as a major part of the teaching
of these academ1c subjects is quite rare

- today. ‘ . : o : .

g
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That the SOftwareipr:gtg]em is most - G&GdEducntltsn Softwnre .

severe 1in ma1n11ne academic SubJects is an “

iimportant clue to someiof the origins of ' Computers -have been called “charie] eons

the problem. . In those educational appli- in the classroom” because, they can-be used
- cations where computers are now being ' in so.many different ways: Computers-used
widely used--computer literacy, -program- . for drill ‘and practice with individual
m1ng,7vggg§10nél app11cat1ons-¢genera]]y\ . students seem so different-from the
only a single piece of ‘software is needed; =~ machines used-as an:"electronic black-
an operating system, .a 1anguage, or a.word - board" to preseqtfgq1@a§ed geometry
processors. In the teaching of an academic diagrams’ or from thefmach1nes used by a
subject 1tke algebra, ‘however; perhaps as . ~small- gro 9f7§§ggeqts in a simulation
many as a dozén or more substantial , " game., Tth§1fferences are produced by the
programs will be needed if the computer is —-softwarefigfe computer may well be_the
to.be useful over the entire course. 'If ' same machine in all these aﬁb11cations.
_we maltiply the number of subjects taught . ' The qualities that make a computer work
‘(perhaps: an”ayerage*af 8 per year) by the well for one of thess educational uses may
Mimer of orads Tevels (19) oy the munber  bel! [oL OTE.0) tnese sdicaciona) dses ney
ggepggggaﬂza:?;dideggrp?g;:zﬁs(:iz iggdgg . others. And this is another source of the
simply ‘to cquer-the public school academic - software problem: varfed criteria. A
rriculan w1th only one program per . piece_of softwere that does_a good agb of
‘tgp1c : : teaching ?r1thmet1c facts throw
c . ‘ . and pract ce w 1T not sat1sfy e ucators

. t h Software seems to be ing of number concepts. ram °
So even. houg *t* 7@ m e entertains and motivates students w1th .

flooding t rket--our files Stanford ¢€ntertains and motivates students with *
ooding the mar ur_ 7]efia§ n colopr graph1cs and animation will please

catal f ationa
‘include over 100 catalogs of educational those whose educational philosophy is

than 3,000 t - S
software with inore than itles child-centered.and displease those whose

coverage of . the software needs in academic ¢ 'TIU=CERLETEL-dUW Ml itdst 2 Y2
ge ol [the_S2liwar . philosophy is more subject-centered.: Such

subjects emaing spotty. When you con-. enhLtered.
ubd £ SPOLLYe y diversity of grpiteria further reduces the -

sider that ft t : 1er_redut
ider that most of the items in the .. likelihood of finding software that will

.catalogs are concentrated in a few N 7 T L edarded a< anod and
atalogs are concen " . be generally regarded as good and

bj ects and to ics-(elementary math drill rde
subjects_and P ( y ~ increases the number of gcches in -an

and practice; spelling; and computer o umber ol
literacy), it is easy ‘to appreciate the . already fragmented market

enormous variety of the demand for ' . Finally, we must recognize_ how high are
software. .-This variety means that the + the standards typically used to judge
market:for any single piece of software edicational software. Fewldispute that
filling onty one of_ these thousagds of computer programs can teach “number facts,
niches will be smaller than theaﬁnngetfor- © but we also know<that traditional methods
mggefgenera11y useable programs. til «  Such as flashcards, can do the,same job
the number of computer-iisfng teachers in and much more cheaply. Computers; heing
the: yarious subjects increases substan- more codtly, mg§§7gccomp11sh more than -
tially,; the market for software in those trad1t1gga17@e§gggs if their use is to be
?ubjec%s is too limited to justify an ~ justifie@l economically: By extension. _of
investment in producing it. And, so long this line of reasoning; ways ‘must be found
.as the se1ect1oh of software is limitedx . to usetomputers to teach the most .
marly schools and teachers will be T - difficylt concepts and skills; those_ which
reluctant tg use computers in.their - . _ substantial numbers of children now fail
tedching. 115 i5_the familiag Catch 22 to learn using traditional methods. To
$ituation that confronts any ‘tnnovation, ~ . develop piééFgms that- achieve these hi gh
but the fragmentation of the market into standards is not an easy task. We
so many niches makes the problem more ~ - certainly cannot expect that’ anyone should
savere in the case of substantial . ', be able simply to sit down and write such
applications of computers to mainline . programs. They require thorough ana]ys1s,
dcademic subjects. ) o deep fﬁought. and inspired de51gn.,

8 '; S .
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Current Dimensions of the Software f?roiiiéﬁi;

~ The fundamental problem i5 a shortage

of educational software that can be used
as a major part of the tedching of

_dacadenmic subjects 1n elementary and

“'Secondary schools.

of programs needed to alleviate this

shortage is large, but, asithe saying
goes, "you ain't seen nothin“ yet." We' )
have yet to. consider several other aspects
of the probl-em that make it larger and
more severe than it seems so far. The
aspects that follow are presented 1n no
particular order;

The best

est1mates of the time requjredgto design

.-and code a computer program range froin IOU

‘material to occupy a

to 300 hours per hour of running time. °~

This' does not include the time neede% to

think up the program ideas. This

program that students might use for one

hour of between $2;000 and $100,000,

depending on its sophistication and <
complexity.

By contrast, to produce text

student for an hour

is a matter of a few hundred dollars at
most. And remember that the market for’

the software is limited by the number of
machines available and the large number of
small niches in the market ; much greater

limitations than apply to text materials;

- 2: Mact at1b1l1ty. A new. form
of Murphy's Taw: The program you want i$

only available for a. machine you don' t

x\have.

Software manufac-

3. Softwareiplracy.

~ turers are reluctant to invest in the

development ofrproducts that will be

If
one can sell only one copy of a program

per schooll; the price necessary ecover
the investment must be large; bet;egn $300
and $500 per copy. This, obviously, makes
it proh1b1t1vely expens1ve for -a school to

computer and therefore ensures e]ther that .
the seftware will only be ‘used as a-
supplement or that 1t will be lllegally

cop1ed

1 9.‘_. S A
116, e

‘The number and variety

o

.
q

4 Locating and revlew1ng software;

-‘-

. Even ~when~ goodfsoftware exists; finding it

nontrivlal probleins. Indexes “are begin-
ning to appear that 1list software by

- subject, grade,-and other useful:

properties, but at this moment coverage of
such indexes is spotty. A nimber of .
journals publish reviews Of software, but
finding a review ofthep?xfram you have
in mind remains difficult/ What we need

. are specialized publications that review

programs in a small area with particular

reference to their usefulness in the _
classrpom. Again, we are coafronted with
the problem of a plethora of small n1ches

-

. 5. campétitiah'faimtﬁéeﬁaaéeaaikéi

rdther than the school. The number‘of
installed machines in homes far, exceeds
the number.in schools,; and individuals buy
da total.dollar volume of software several
times greater than schools. Software

to a -

manufacturers can therefbre sell a -

"larger market by producing for the home.

"~ And most of them do.

This means that
software 1s _designed pr1mar1ly for

computer,,unsuperv1sed use, ep1sod1c use

Wwith little extendgd continuity in the
development of skills and ideas: - -+

6. Problems in iﬁt@giatiﬁgeéafiware
into the classroom's other activities..

_Even a well des1gne3’p1ece of software

Adjustments must be made

to accoimmodate 1t S no
mod1f1able, then all the adJustments must

& teacher's w1ll1ngness to, tailor =
everything else to one programr And:yhen
a teacher uses several programs.in the’

course of a year, each of which requires a

different set of adjustments, the problem
may become : insurmountable. Examples
iaclude the speliing program whose words
do not matcm the teacher's. goals, the math
program which 1ntrodudes skills in_a

~different sequence from the school™sy -

curriculum, and the sc1ence program which

Uses a d1fferent notat1on from that 1n the
textbook .

L

If the software is not
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. What To Do%

L Y L
~ All these ditticulties translate into a
higher cost. to provide the Software
needed. The cost of equipping a s1ngle
course ih one school with enough software

~in - schoo! year,,a:sum1ng appropr1ate

programs were¢ available at today's typ1ca]
price of $bO per dlsRette, and an
opt1mlst1c ‘playing time' of three hours
peér diskette; and one ‘diskette for each
three students in a thirty=~ student class,
comeés to $5,000. This figure is too
expensive by a factor of ten, 50 1od@ as
costs dre this high, the mnar

will be thin.
. & 3

What can be done today ‘to overcome the
software problem? The software problem
manlfests 1tself as an econ0m1c problem,

Eventual]y, compet]tlon,for that imarket
will make the smaller niches in the school
arket relatzvely-ﬂmre attractive, and we
will then sée.more production of software
spec1f1cally for schools.. In the mean-
time, however, the home market is far from
s&turatEd S0 the _present situation is

Only }arge scale actions would change
this economic Situation substantially..
the - government and private foundations
could be persuaded to finance.dozens ‘of
software projects. in educat1on, that would
make a dent in the problem. If districts

foriied consortia and 1nvested their own

funds in the development of software, that

would have a significant impact. Million

dollar tontracts between software develop-

ment houses and schoo] dlstr1cts to
and share

And the

slmple growth of a school market

software will, in itself, stimulate more
and better software.

fundamenta] aspect of the prob1em requires
Y

Progress in this

gro@th of investment or expenditures or
both: If this growth fails to come or

comes slowly, the software problem will

not improve, regardless of anybody's good

intentions or hdrd work .

in the present thin market; buyer
deéisions have an immédiate and,powerful
_ Those
products that sell will be w1de1y o
imitated, while those that do not will
rapidly disappéar from the catalogs.

"""" Buy on]y programs
that g1ve you the most for _your money.

One measure of the value of a piece of .
software is_the number of student-hours of
""""" This figure ought
to be. computed in rev1bws of software
pr1or to every purchase. ‘Another

'1mportant quant1tat1ve 1nd1tator 1s the

useful in 10% of classes.

What actions can an individual school
or district take to cope with the software
problem?

"showing just where what types of computer

progsams. can. be used and teacher s guides

the other 1ngred1ents of a good course:

" The prob]em can be eased by extegsive
use of tool-type programs and modiflable
programs. The Music Construction Set is a
p[ogramfthat transforms a computer into a
cnmpOSer s typewriter: A staff and
various symbols age displayed_on the
s¢reen and these can be movediround with
keyboard commands. or a light pen to

compose musit which can then be played by

the computer ‘with the press of a butten.

year in a music class: A spe111ng program
which perm1ts teachers to_enter their own

,words is much more valuable than onewwith

a fixed word list. ‘Indist on programs

that can be used as tools by teachers and -

Studénts, pragrams that can-be tailored to

11

. One thing that-‘should be-done is.
old-fashioned curriculum development.
-Scope and Sequence charts are needed

-

-



~ One type of educational software that
is little known.in this dountry but widely
discyssed in Eurapé and pan can be used
to great effect in acaden c classrooms:
These programs are called."electronic
 bldckboard" programs. Une such program,
* Quadritaterals, is pUD11shed by Readers'
Digest. A teaghHer uses this program on a
~single computer at the front of the +

a]] students tp,see., Us1ng game padd]es,
the teacher is free to walk ‘around the.
room while controlliny the display. .The
teacher can choose to have text displayed
‘or only diagrams. , Questions ¢an be posed
for class discussion and then the
-animation powers of the program used to
show the answer on the diagrams. The
program is used very much like a
chalkbodrd by the teacher,'SO'that no
exgensive inservice is necessary .to .
-pr&pare teachers to use it. Such programs
can be extremely &ost- ceffective ways to
use computers in the teachlng of academic
subJects

work1ng full time: But; using an :
.authoring system such as Piloet; teachers
can develop lessons in only slightly more
time than it takes to deveiop ditto
masters or overhead projection sheets.
However, to develop software that is truly
1nteract1ve and that accomp11shes th1ngs

art, difficult and time- consum1ng It
" might be reasonable to expectea ta]ented
ded1cated téacher working with an -

author1ng system after schoo] weekends,

hours' worth of such,programs in the
course of 4 'yedr, but not more. Unless -
your school has an unusua] concentration
of these rare birds, it is unu]sevto”rely
upon teacher-made computer Software for a
major part of your courSewdre. If you are
- determined to rely on teacher-made.
software, you might consider COntract1ng
w1th the most ab]e teacher- deve]opers to

N

-

«

7 -

poo] the talents of your teacher-

developers. T -

1 e

RN
’

deS|gned far schoo] use: Comppter Curri-
culum Corporation; for example; has
complete computer-administered courses in.

most of the subjects of elementary and -
secondary schools. Many- publishers of

basal téits for the _elementary school also

\accompany and enhance their text
materials. Control Data Corporation's
PLATO systém offers a gébd selettién éf,”

and they are not- ta1lorab1e to an

'Jnd1v1dua1 schoo] § or teacher's needs,

but théy may bé mdré'tdst’éfféct1Vé than

or deve]op1ng teacher- made mater1a1s in
many 1nstances.

1arger sca]e you m1ght contemplate
entering it ; collaborative arrangements
with softw; e developers to .work on the ,

most press¥ig software deve]opment needs.

Consortia f districts contracting with

private d ve]opers and involving -local

teachers in the development process can be

a. powerfu] development strategy. "Collabo- -

ration_i§ also possible with. profess1ona1

assoclat iohs. Such initiatives bt your

schob 1nto the software deve]opment

busingss and this might be difficult to

\

.arrange with your ‘board; but they g1ve you - -

more -control over the SOftware than you

-get; any other way ) . _ "9":

,In summary; the software problem is
ééridus and can be thaCéd té saﬁe i

: t1me, energy, and- 1n1t1at1ve. The" prob]em

“. will not -go away in the foreseeable

n

- future, -in_any event, and*it will on]y get

‘substant1a1]y better as more organ1zat1ons

invést more in deve]op1ng good educat1ona1
software.,

,. ..; l,._
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