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. FOREWORD

The Third. Anfual College of Education Summer Conference has been
designed to provide a broad' perspective -on the computer revolution.
and. its implications foi dducators in the next few years, "The P s
Computer: Extension of the Human Mind" wi11. bring together lead rs
in- the- - computer f1e1d to explore current issues. and trends in“educa-
tional uses of computers.

This 1s really the fourth or fifth generation .of computers in the
second “computer revolution” for the wor]d ‘However, it is the first
computer revofution for schooIs ActuaI _use of computers. 1n.sch0011
“has. Iagged far beh1nd pFEdicted use. In ‘the past two decades, adoptit
of these flexible néw tools has been slow due to high: ¢osts and a con
fusing, rapidly changing technology. Now, with microcomputers and.

k software . development it is’ Tikely that computers will have a Tong-
pred1cted major impact on all aspects of education.

__The effects of the microcomputer revolution are already all arounc
us: in small businesses the professions--particu1ar1y law, ‘medicine,
-and. architecture--and the arts. Video game -arcades us1ng the latest
software seem ‘to have - ‘grown: overnight in every shopping center and
mall in America Personal computer costs are dropping to an affordable
Jevel; soon, minicomputers. in our homes may be just as common as tele-
Phones and televisions. ‘

Let us hope we can "extend our minds" through this. exciting new

technology, and learn better how to prepare oun’students in the schools
for their new computerized world. , " ) J SR
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Robert D G11berts, Dean
Col]ege of -Education




INTRODUCTION

o The ERIC Clearinghouse on Educational Management is pleased. to serve \
) as publisher of the Proceedings -of the 1982 summer ‘conference sponsored by/, ‘é
" the College of Education at the University of. Oregon. As one of sixteen ‘
clearinghouses in the federally funded Educational Resources Information
' 1Center network; -the C]ea“inghouse on. Educational ‘Management collects,
”1processes, and disseminates information on the Structure, governance, and.
administration of e]ementary and- secondary schools. The Clearinghouse
views the publication of these Proceedings as not only a convenient service
to conference participants: but a means of sharing the valuable materials
—._generated by the conference‘!lth/school practitioners and“other interested -
peop]e across the’ country. . , : I
” ~ Appréciation is due the conference presenters for their promptness in :
meeting deadlines so that the Proceedings might become a reality. With .
few exceptions,. the presenters submitted their papers. in time to be included
in the pages that follow. ‘ Grouped acéording to genera] and specia] interest

N

Ny

they were presented /

‘For readers’ ease of reference, the presenters were asked"to follow a
uniform style for organization~and 1ayout of their. papers-ﬂfWithout exception,
the papers are grinted exactly as they were received. ¢

SRl

- Additional copies of the Proceedings may be obtajned by sending $10

,(prepaid or purchase order) to Editor, -ERIC Clearingh6use on Educational
Management University of Oregon, ‘Eugene, Oregon 97403, ’

Philip K. Piele
Professor and Director T
‘ERIC Clearinghouse on Educational Management - °
(Chairman Conference Planning Committee)
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" “definition of &pmputer literacy.
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DENT

THE ,COMPUTER-LITERATE STU
.- i R4

’ David: Moursund
"University of Oregon.

-

\\ -

Thé>qpmputer can be viewed as an extéhsion .of the human mind, -
_much as the saw, hammer, and épeé;'céﬂ be viewed as extensions. of the
human body. The tomputer is a tool -whiich incorporates ideas from
reading, ‘writing, arithmetic, telecomhunications, and automation.

e the potential to substantially chenge the con-.
‘tent and process of formal, ihdus;ri§1k>qnd'ihformai education at-all
Yevels., Computers are already changing what many millions of people
do in their jobs and what they do for entertainment. _Out of these
_observations has emerged the idea ‘that all students should: become

computer _litérate. Unfortunately, there is no uhiVersally\aéceptéd °

Computers hav

i
4
3

. . y
Pt of computer lité¥acy from a
n of computer literacy that' emerges
edge;-relevant to the tasks.and
This definition can help in teacher ed-
d educational materials devedopment as
iMpoFtant in education. -

4

i This paper examines the conce
student perspective.. THe definitio
is a functional-todflevel of knowl
purposes -of being a student.

ucation, curriculum design, an
‘compliters bécomé increasingly.

-

- this level of ¢iviliz

JENRS,

c—

- “paper-and-pen¢il assisted

.

t

¢ ~ing skills comes increasing and

) Mind Tools
One of the distinguishing characteristics of huan beings is..that
they create and use a wide variety of tools. 1In early history these
tools were msinly aids to survival, such.as--spéars, clubs, and knives.
Evenﬁuéily,fhthVer,\ag;nglture*ahd its related tools emerged. At
ation reading, writing, and -arithmetic became use-
ful to--inc¢reasing: numbers ef»péopie. :
Reading, writing, and arithmetic may begviewed as mind tools.
They 4re ag»aid‘téja iuman brain, supplementing and extending its cap-
abilities. A person who can read 'has access tg tremendous ‘amounts
of accumulated- information, such as one finds in the Library of Con-
gress or a local newspaper. Writing is a supplement to human memory,
as well as an aid to communication. . Almost all students can develop

\anighﬁe;ic‘skills that far exceed their men-
9

3

‘tal arithmetic skills.
i
It takes considerable efforgofor\a qhild~éq léarn to read well
enough so that reading gives acceqs to- library resourqe materials.
And each diScipline>has‘itS=on special vocabulary. Thus, rea%ing in-
struction is both gn.qxpficit‘cou;;: in its own right and issalso woven

into all levels and courses of formal education. "With increasing read-

_mor ‘Penetrating access to the accumiy=
lated written knowledge of the huma§gface. Itiig;fprAthié'reasop that

reading is one of the basics of edu ation,

.if__§imiiariyJwaitihg_hasﬂemgrged,as.onehof theeb§Sic5~off§qu¢§tionf

[

——




Wr1t1ng 1s useful in commqnlcatlon over t1me and d1stance. It is use-
ful in organizing -one’s thoughts and one's attack -on hard problems.
It is.an aid to the human. memory.
Arithmetic (or mathematlcs) shares characteristics of readlng
and writing, :but adds a new.dimension:. The development of our current .
notatlonal system, with a zero, decimal point, and positional notatlon,
was very difficult. The best mathematical minds of their times strug=
ﬂgled with these tasks.

3

But now a grade schcol student can learn our notational system
__and can_use it to solve arithmetic problems. Moreover, over the years
we have developed algorlthms"fbr such dlfflcult probleeras addltlou,
‘subtraction, 1t1p11cat10n, and division., A student can memorize
) —these algorithms; with practice a student -can develop considerable *
.+ speed and accuracy at per orming these algorithms. Today s eighth

grader can solye. computarl nal problems that were beyond thé capabil-
ities of all. but the. moshbrrl&mantnathematlclans&ofetwo thousand years.

ago. . oA - A

f Reading, r1t1ng, and ar1thmet1c are wonderful aids  té human in-
’ tellectual -endea (o3 ’Over~the -years technology. ‘has enhanced their - \
/? usefulness and eX;e of use. The abacus,llnvented about 5000 years ago,
| was so useful it is still' used -today in Some parts of the world: The
7{f:pr1nt1ng press ivable type, and modern high speed ‘Presses have con-
L% 1buted-toi%u§&current~h{gh levels of réading 11teracy. “The type-
riter, now be1ng supplemented by electﬂonlc word- processlng systems,
! is a marvelous ald to writing: Electronlc calculators are now a common
household itemy All of these are examples of machines that enhance
the tools of readlngx wr1t1ng, and arlthmetlc.

A// \ o \ - COmputers o ' o

» e

~Originally computers were designe strxctly as aids to ar1thm°t1c
computation. The goal %as to develop.an_automated, -high~gpeed calcu—

. lator. . Certalnly that goal 'has been realized. A medlum priced compu-

——"" ter can perform about loétllllon computatlons 1n a s1ngle second. Such-

e

_a machine can continue at this speed hour after shour without making a
mistake. ;

. JUsing penczl and pa r you may be able: to multlply together two

u’tl-dlglt numbers in about a minute. ., To -do 10 milllon such probleris

7 would take you 57 -years if gou worked eight hours per-day, seven days

per week ‘ThHe medium priced, computer accomplishes the -same- task in a-
“second, at a cost of aboutra\nickel, and with no errors!

- Computers began to be ss produced in the 1950s. By the early
1960s computers were reliable and ‘reasonably priced relat1ve\to their
applications: That is, it was\cost effective to use.computers in-a
variety of scientific, busines , and government appllcatlons. .

But the use of computers as not restrlcted-to sclence bus1ness,
and government Computers could work with letters as well as digits-~

with words as well as numbers. ogputers could be -used for 1nformat10n

# .
4 L -

. X ) 3 L.




AN ‘ ' - - ! - ‘
. ‘ storage and retrieval and for word*processlng. Computers couldebe )
:‘ TN ! used in art and music -and in the social sciences. ~ - . « e

- ' ; - PR oy .
N - . e T

b

The computers of the early 1960's were,translstorlzed, us1ng many. (.
‘thousands of 1nd1v1dual transistors. ‘At that time technology produced :
d .- the 1ntegrated ‘circuit,- a colléction of trans1stors and other elec- - L
i tronic components manufactuged as a 51ngle unit. It was cheaper and o
i more, reliable thah the .1nd1v1dual components: it -replaced. This: resulted
o in a major decrease in the cost of a given amount of computer capébll-
- K ity. Computers hecame- vyslcally smaller and more rugged. b i" -

' < B ' N ’ | £ - N
\ " 7 _The integrated circuit\ gave way to the large scale i tegrated\.>

o T kICUlt, that in turn. is giying way. to very large scale 1Wma3ratedaclr- ’
. . Ccuits, (VHSI) Now a circuit thesize of oné's flngernall ' contaip -
a2 the\equlvalent of‘hundreds o thousands of transistors .an otherselec-

‘tron1c components. --Whén mas prodiced such VLSIS cost a few tens of -

dollars or less apiece. ; 1e cost per 1nd1v1dual active lément is a

small sfraction of a cent. . v > -

d - i
.

o ’

X This inexpensive électronic c1rcu1try makes poss1ble cheap pock—
et calculators, electron1c d1g1tal ‘watches, and talklng machines such *
SRS = as Texas Instrument's Speak and Spell. It makes possible personalt -
computers, hand-held computers/, electronlo games. for home use, and -
electronic arcade games. ' i :
' ~ .- : | i

:I,njmﬂmb_ Cheap compaters -are the prime reason for this. conference, It is >

. only ‘because computers dre so ¢heap and. readJ.ly ava:.lable “that 'they

_are a major educational’ issue.
~ » . 4 .

3 )  {
s \\ Progress in developlng VLSIs w1th even: more components is ca/tin-
\\ ) ‘ulng at a rapid pace. It could well ‘that inexpensive toys of the' )
: year 2000 will contain computer_power \valing the hundred thousand ) »
. \ : S Eaim - 3 . - .
\\ dollar computer systemvof today. « - ~*~\\\ ‘
A\

P s

Hardware is only one pa of the -computer p1cture. Very drama~ P
tic ‘progress is occurring in software. A good example is provzded by
oL LOGO, a graph1cs-or1ented language especially suited to the needs of!
yéung children. Several speakers in this conference will d1scuss LOGO-
o and its potentlal for help1ng to revolutionize education.

.~ -

.

‘ More generally, a fleld'called software engineering has emerged vy 1
I ' as computer scientists hiave learned more about the design and implg- %; s
mentation. of sophisticated software. The development of high quality--- -~
e software is. both an art and a sclence, but is becomlng moré-of a sci-,
’ ence. - v - 7.
- . } \ .

~

-
- =

The development of hlgh quality software is difficult. It is al -
significant bottleneck, to the increased- application: of computers. The
R difficulty can-be’ d1v1ded 1nto two major parts. First, we have gen-
, era purpose languages such'as ADA”/QASIC -COBOL,, LOGO, -and PASCAL.

__ —The esign of a new language is & dlfflcult ask But once deslgned
._.- s and adequately tested, such languages cap’be implemented on .a variety

»

e AP

of computers. Thus, in a sense, they are mass producedand mass dlS;
5tr}but d, much" llke hardware.

‘.- ,._i e
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But to use such languages requires. substantial learnlng on the
part of the user. One must Know a great. deal about programm1ng to de-
velop PASCAL programs to solve the variety of computer-solvable pro-
blems one might encounter in high school or college.

. v ; B '
alternatlve is to have more spéélflc appllcatlons—orlenteﬁ}
menu-dr{;en programs. In menu-drlven softuare the user is.given a
menu of optlons and- makes a -choice at\p&pﬁbmajor stage of solving.a
-partlcular type of problem. «One must hav% a dpecial menu-driven pro=
. gram for each generai%cat £, of\problem,to be solved. But there are
many fens of thousandgZof dlffqgéht>categr01es of problems that are
70

v

o generalqlnterest.*,The tas préparing menu-driven software to
A/////ﬁlue‘;he sriety of xproblems at humans Rnow. candbe solved by compu-
,4éf<2ér is_akin to/writlng all of the books ;n ‘a vef& large research 1lib-
) rary. Thus, while rapid progress is occur%xng we will have a very

ng way to go. Twenty years from nowﬂpeop&e w1ll Stlll be complalnlng
about the lack of adequate so Frware: ~ s

1

A current major area ‘of complalnt is software that can take over
" a substantial part of the teaching process. We know.that computers
can help people learn certain types of subject matter. So, why don "t
. we have gomputer assxsted learnlng materials that cover the entlre ‘
curriculum at all grade levels? The answer is -obvious. The task is
larger than. that of developlng all currently avallable textbooks.
1 Q I
\ ' i'hé I elligent Malchine o

T ¢
L

Computers are relatively cheap) reliable; and increasingly read-
1ly avallable. They‘are a general purpose aid to problem solving,
~-gomewhat akin to readlng, wrltlng, and arithmetic. But. they .are also

K different.

o ' . \\ .

'K.N We cah see. this difference even in - simple calculatpr. A prim-
ary grade iﬁndent‘tan understand the concept of division: and- can. do
sxmple”di0151ons«mentally. But hundreds.of hours og/tralning and prac-
tice are -needéd to master paper -and pencll long division of multi-

- di it numbef i Alternatlvely, a student can learnfto use a calculator

N SRR

A calculator a simple éxamﬁle of an 1ntelllgent machine. It

- isn't,very untellig nt, "and it is. certalnly limited in the .scope of
its intelligeénce. Indeed, one can get bogged down in a phllosophlcal
discusslon as to the :nature and scope of a calculator Sfintell gence.

x\, .

But this mlssesfthe major educational 1ssue.' Since calculators
are cheap, reliable, and readil avallable, most adults use them. The
-math education/tlme students. spend mastering papér and .pencil multl-

“ diglt long div1sion might 1nste d‘be spent studying problem solv1ng,
a forelgn language, or ‘oral and wrltte co mmunicatlon skills..

*

A

. The calculators and: grade sghool arithmetic issue is just the

} . . tip -of the iceberg There are thousands of types of ‘pro ‘where a

- part of the problem can. bé solved eitheq\why hand" or by use of-a.com- |,
, puter. A computer can draw a graph or a'weather map, solve equations

“ ”

.\.




or perform a statistical calculatibn; print out text or set type fA; a
- printing-préss. A computér can ] €lp an artist, musician, or poet. In
light of current and increasing fomputer capabilities we Hust ask about
their impact upon the content o gducation.“Wha; should people learn
- to-do-mentally? What should they /lé&%rn to do assisteéd by paper, pen-
cil, and books?  What should they' learn to do as risted by zomputers?

: ;i\nd"wl‘)/af about’ the proce s‘of education=~teaching, gvaluat‘;n,‘:
:eéordfk:;plng, and §o on? It is’ evident that all of these are fAntel-
lectual trasks, Yequiring considerable skil” .upon the -part of a eacher.

. i B " o - ' e e LT, ! N .
But cqﬁsﬁters,can hélp- in gg& thése tasks. If computers are udec -as
an aid o instrﬂd?ion,-héw»ﬁfll this affect students and teachers?

»

, .Compuférs andfstuQenéé;g?hj. 7
! . -t

Hgé;éaﬁ‘éo@pﬁteisﬁéffg t students? _We are all aware of one ans-
‘wer--the .a¥cac. ghmé;;“ Students in ‘the U.S. now spend more money on
arcade games than they do on. music¢ . records and tapes, or on movies.
For many students the home and professional arcade games rival or ex-
ceed television as a fprmsqf’entértginment. The pogential>pegative
effect upon these stuégnfgffeduqationAis large.. >

_ - However, leﬁ‘s’fgguséuponfpoténtfally ﬁbré'positive effects.
How computers affect gqstudehg's‘educatiqn,w;ll depend upon the qual-
ity and Quant;ty'of’ggmputer.facilitieslavgilable, the computer-
oriéntéd knowledge of the teacher, and how much- the student learns
about computers, _We 'will look at four levels of computer .application
to éggcétibﬁ)'béSéd'upoﬁ»levels of student knowledge ‘required.
A | X S

Novice Level - { o

Fd

E}

With‘jugt a fey7minuteg Sf instxuqtibn a Studeng can learn to

_turn.on afcompute? system, loaQ'ahd execute a. program, and inferaét '

‘with the program as+it runs. Interaction may be via touch: panel, pad-

dle or joystick, keyboard, light.pen, digitizing tdblet, voice, and i I

" so on. Software and hardware can be :developed to-fit the ngg_s,o.ffj
non-readers, physiéallg'and meﬁtaliyihqndicapped,gggdengsj’and other,
students at all educaticdnal levels. TN SR
. < s - " R

-

iﬁnuﬁerable s ‘Qies<ﬁiVE’g;;n«done—on«computer assisted learn-
ing. Many studies feport no significant difference, whilé Some report
negative or positive effects. The general =onclusion that ‘has. emerged
is that wi;h»Qdi'éuality-g@mpqter assisted learning materials- stud- -
ents learn as well as with conventional aids, and studants learn
faster. : °

; ,Ficm*the‘student point of view, then, computer assisted learning
is a definite contribution to education. Computers can provide an
individu;}igagipn of instruction, feedback, record keeﬁing, and over-
all sense of direction that can help many students to learn faster
than they othérwise do. The é&xplanation for this may be quite simple. _
For most students, interactive use of a computer is high quality time-
on-task. Increased quility and quantity of time-on-task-results in

. increaged learning during that time, - R

7
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,lhtetmediate Level
v’ : . .
- There are many, educationally-oriented computer applications that
7 ‘ taxe al Significant amount of learning on thé part of .a student. The
* use of}a worq processing system provides a good example. Even grade

schoov students can learn to use a .word processing system. But if
the student ‘has -no- typing skills the overall computer usage -tenhds to

- ‘be painfully slow. . N
:"t - ~ . . ) . .

Word processing in- the elementary school is especially interesting

~ from an educational point of view.' Computer assisted learning materials

exist that can b used to help a person learn touch typing.

school students learn touch typing? Spelling checking programs exist.
Should children be allowed to-use them? If students. are learning to

Should grade

type, w111 they- develop: acceptable "hand: writing skills? Some-students—
« are compulSively neat; will work processors encourage them to.write
. more, correct errors more often, rewrite more frequently?

'storage and retrieval. ‘There are now thousands of data ba Contain-
ing educationally relevant ‘materials. ThelEzench_g nment is in the
process of replacing paper telephone’directories by computer terminals
in~people 8. homes. In.SOmesways learning ’6 use such a system is like
- learnirng to use a research library.//Af w: minutes of instruction allows
one to,learn to browse and to experiment. Many weeks of instruction
and'practice are needed to learn to make full :use of such systems.

¥ - i

T e

are ¢ fficiently expensive that only traineéd professionals use them.
Graduate students: and researchers have seafches run for them, or perhaps
learn to-run. s hes’f”r themselves. But this is gradually changing.
Eventually computerized libraries will be accessxble to all people,
“—"”"’Soth in. school and at ‘home. -
\./
=" As a final intermediate level example, conSider libraries of pro—
grams designed to help solve specific categories of problems. The ‘pro-
‘blem might be. graphing or statistical analysis of social -Science data.
It might be writing and editing of misic. It might be architectural
'cr -engineering design or strdctural analysis. - It might be a mathema—
tics problem, from physics, economics, oY weather forecasting.

All cases require two types of knowledge. One is the specific

subject matter of the application,. while the other is how to use the
computer system. This suggests. strongly that instruction on use of a

/’ computer as an aid to problem solving be integrated into all -academic

’ disciplines ‘at all levels, If a computer is a uéeful tool in helping

to solve-a particular catégory ‘of problem then students should leaxn B
the computer tdol as they study the academic problem area. The paral-
lel with reading -and writing seems. ev1dent. e

’ ‘ Advenced Lével ) , T g

Writing is an important part of the reading-writing duality. Com-
‘puter :programming is an. important part of the computers-in-education

\
¥ . v
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Another intermediate level application is computerized inférmatxo’/////////’//i

- S Right now. most educationally-oriented information retzieval systems




" field.
< \\ e
irYou;are,_of‘éou;se, aware that..a grade<séhgol student can learn
Tfov T simple BASIC programs to print out words or to do arithmetic
cale .tons. Using LOGO a student can. learn to draw -geométric pat-
terns. In both cases studénts can learn to program well enough to
gain satisfadtion in their 8Kills and tc -encounter prograiming tasks
fﬂthéflstrepgh3or;exceé§ their skilils. ' )
/

As students progress into secondary school and into higher .educa-
tion-they thn.ﬁbrg\and more knowledge of the tools and problems of
various acggemig diséiplines. The computer programming skills needed
to help attack ‘these problems. grow -accordingly. - °

- We can look at this problem at -any educational level. Suppose we
,have a college freshman who has never used a computer. How manhy col-
lege level coursés are needed : the student can program at -a level
compatible with the studént's ¢ all level of educatioh and ‘problem
,solving skills? The student is taking courses in the ‘humanities,
social~sciencgs, and sciences. In one of these areas ‘the student en-
counters a problem that is well suited to computer-assisted solution.

- Is one year of computer science/computer programming coursework enough? .
'How -about two years? ‘ ' T
We- know that such levels of skill cah be learned by many students
‘- at the precollege level. [This can be accqmpLished by,gncbmbinption—of
formal instruction in computer science ahd’fhé cdntinugd'use of the
student’s computer-related skills in a variety of other.courses. Once
again, the parallel ‘with reading and writing is evfde7 .
.- G
Professionial Level ; .

We all under$fand theére is a difference between L'"ﬁunctional lit-
' .eracy" level of reading, writing, and arithmetic, and a professional
level of knowledge .and skill. So it is also with. computers. . 3

. T S a g att . R 3 -
{ Some ‘secondary schools.have vogationally-orientied courses in data
entry, data*pxqceééing, or machine maintenance and Fepair. More fre-
quently these and dgher job-entry—levg} couiéhg are{offered . in two-
fearlcql}égeSAQr-priVate data processing trainihg "stitute%.' The -data
. Pprocessing field is’'very large znd still rapidly yyowing, so that many
people find edplbyment‘basgd.upon-such,levéls of‘ithationf '

- The dema@d'fqr‘computer and information sciefce bachelors, masters,
and\Ph.D. graduates far exceeds the supply. In r cent years there has
béég\an explosive growth in students seeking a bachelor's degree in
computer and information sciencg; The production of Ph.D.s is totally

’ inadequate to staff the a'ggre‘é. 'ﬁré’gipms these students wish to pursue.
Computer Litefacy / 1
We can qéﬁ see the difficulty in éettling upon a single and‘simple'
definition of computer literacy. Every student can easily master the’
Novice Level of computer ‘knowledge. If appropriate hardware and soft-
ware are available tHis can make a sigrificant contribution to the

J 3
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studenit's education.

With approprxate 1nstructlon, every student .can acquire a func-
‘tichal Intermediate Level of knowledge in several mgjor»appiicatlon
areas such as -word processlng and 1nformatxon’ret11eva1 Again, this
1s\qu1te useful to tnedstuden 7

et

=

e
w,,,ff<“Every student can dévelop rudimentary programmlng sk111s, but with

LT the. languages and computer systems currently .avdilable it is not -evi-
dent that all students can acquire an Advancéd Level -of computer know-
ledgé and skills. For many the effort required may be tco: high rela-
tive to the potential rewards.

The parallel with reading and writing breaks down _here. Ohe can
be a very effective user of computers without knowing how to write
programs, An Intermedzate Level of sk111 and knowledge may suffice
for many students. . N A A

- - S
) Computer literacy, then, depends upon the individtal students. A"
college bound high school senior, intending to major in engineering,
needs a different definition of computer literacy than does the tenth -
— . grade drop out. .Computer literacy for a college graduate in physics is

different than conputer literacy for a college graduate in art or music...

# g

In any event, one thing is qlear. Our school systems are not pro-
ducing very many computer literate students. ‘We have a very long way
to go before we can claim a high percentage level of success in produc- :
ing computer literate students. This is ‘especially true at the pre- ' .
college level -of education. a © N

Ethicdl and Social Concerns ‘ . . 5
This discussion and definition :of computer 11teracy has focused
upon a functional, . useful-tocol level of knowledge. Theré is another

- dimension which is quite important. It has to do with the ethical and
soc1ql issues surrohndlng computers and their applications. .

- We are all aware of how tools affect thelr users. Our society is

highly dependent upon the technology of automobiles,. electricity, and

- telephones. Increasingly we are dependent upon computers. N
.o : ~

And. there is the issue of misuse or abuse of computer capabilities.
We have increasing numbérs of very largeé computerzzed data banks. The
,year 1984 is nearly upoh- us,. and computers are a major facilitator to
"Big Brother is watchxng you." : /
Other soc1&1 and ethical issues center around the "haves" versus
the "have nots.'" Some people have computers in their homes. Their
- children may have a distinct educational advantage. Some schools,use .o
computers mainly for routine drill and practice in the basics of, ‘edu-
cation. More affluent school systems tend to 'use computers to help
develop higher level problem solving skills. ' - '

&Q
» *

. ’ The social and ethical' aspécts of computers can be woven into our ' f
educational system at a -variety of levels. Special attention may be P

4 : o :
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given to them 1n secondary school social studies courses and in- similar
parts of a student s computer titéracy educatlon. --

ComputervLiteracyvfor Teachers

The moael for computer literacy d1scussed in this paper requires
that students at all academic levels and in all academic disciplines
be given computer-related support afid instruction.

Hardware, software,
curr1culum materials; and knowledgeable teachers are required,

Hardware can be mass produced.

We can be*assured that for _many
years. to comé we will continue to thave a rapldly decreasing pr1ce -to-
performance ratio for Hardware.

quhtually computers ‘will be common-
place in hoties and‘'schools. : N\

L

i ) N \

Y The softwdre problem~is d1ff1cult and is less amenable to mass pro-
duction -techniques.

But ‘good progress is occurr1ng, so increasing
amounts of suitable software are becomlng avallable.

7

We do' not yet have curr1culumxmater1als suitable for integrating
computér-usage throughout our educational system.

Even if we did, we
do not 'have sufflclent computer lrterate teachers to handle this inte-
gration.

While computer literacy for students is the ultimate goal,; it
is computer literacy for teachers that stands as the major barrier.

If
we- want students to become computer literate thén we must put consider-
able resources into preservice and dnservice teacher education program.

- 3
- !

ThlS conference const1tutes a usefu1°step in attacklng the pro-
blem of computer literacy for teachers. - It -represents a commitment
on the part of the University of Orégon's College ‘of Educatlon to
helping: both preservice and inservice teachers learn more about‘compu—
ters.\\I am very pleased to be a participant in this conference.

H

i
i

no | '

While the software
problem will- never be completely solved, it will gradually become.smaller.
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. | THE FOURTH ‘REVOLUTION - COMPUTERS AND LEARNING

N _ «
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Alfrad Bork

\

\ "Of all human inventions since the béginning of
mankind, the microprocessor is .unique. It is destined
to play a part in all areas of 1lifé, without i
exception--to increase our ‘capiacities, to facilitate
or eliminate tasks; to replace physical effort; to
increase the possibilities and areas of ‘méntal’ieffort,
‘to turn every ‘human being into a creator, whose every

'~ idea can be applied, dissected, put together \again, -

tfansmitted, changed.*l S C 3

‘The theme of this paper is that we are on the ‘verge of a.
major change in the vay people learn. . This change, driven by the
personai -computer, will affect all levels of education from
earliegt childhood through adult education. It will affect most
subject areas and most learners. It will affect both education
and tr'/atning, It will be one of .the few major historical ‘changes
‘in the way people learn. The impact 6f the ‘computer in ecucation.
will not produce an incremental change, a minor aberrationon the  _. -
current. ways of learning, but will lead to entirely different —
learning systems. . o Ny '

e e
o

] This massive change in education will occur over the next
twenty years., Schools, if they exist at all, will be very .
different at the end of ‘that period.; There will be fewer
teachers, and the role of the teachér will be different from the
role of ‘teacher in our current educational delivery system. I use
“schools” tliroughout this paper in the general sense to include
any ‘formal schooling activity, whether it be the third gradé or
the university, or any other lével; for emphasis I -sowetimes
mention particular types of ‘schools. T

. - ~ . , '

I hasten to say that this change will not necessarily be a
desirable change. 1y powerful technology carries within in it
the seeds of good and evil, and that applies to an -educational
technology. One of my major goals in making- Ppresentations of this

kind is to nudge us toward‘a more desirable educjtiojnal future -

Ve

rather than a less desirable educational future. | Our efforts in
the next few years are particularly critical for: education.

The full, long-range implications of the ,qohputer in our
world of learning are seldom discussed, Indeed, people are often D
-overwhelmed by the technology, delighted with each new toy which
they receive. yet these implications must be considered if we are -
to move toward an improvement in our -entire ‘educational-system.

‘The strategy of this paper will be toﬁ‘tirlt::.‘look— at the

"why," theén to 1ook at the "how,® and. then to return to present
2Jtacn.  Many of the issues: are discussed in more detail in my
p - AY

recent book, Learning with Compu aters.?
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WHY WILL THE COMPUTER BECOME THE DOMINANT EDUCATIONAL

DEEIV!RY’SYSTEM’*

In making a brief case as t9~§hy the changeﬁl am suggesting
will take place, I first look briefly at educational factors in

 modern society. Then I will consider aspects directly related to
the computer. L : '

,Cuttent Status of !ducation

/

Pirst, it does not take .any great effort +to gee that out

- educational lystem 1s currently in trouble. We are being told

this constantly/ftom all sides. The daily newspapers, the popular

magazines, and’ recent books are full of descriptictis of the

problems of our curtent educaticnal systems. One can even measure

these to- some. extent by declining SAT scores, declining steadily

until last year, and sinilat results from: the National Assessment X
tests. . . . \

Independent of statistics, however, the most inteteeting and ’ N
critical information is the ‘decline in faith in education in the ' \\
United States. We can .see this. very heavily*reflected anong- :
politicians at all levels: At: ‘ofie time for a-politician to speak
out -against education was luicidal. Now we find that it is often
politically etfective. Indeed,,out current president campaigned
on the notion that we didn't need.a Depatt-ent of nducation,
nalthough 80 fat ‘he hasn't abolished: it. But he did abolish the

- entire science education divieion within the national Science ) .

Poundation,. niuply_hy_cutting its budget effectively to zero. The
politicians know thit education has little support in ‘American )
society -and that, indeed, it is politically expedient to cut .
;jeducational funds. zducation has fev .defenders and nany - :
detractors. .

1 do-not wish to imply that these problems with education are

- simply a matter of public relations. Indeed education has very ' N

real problems in this country and. ellewhete. In the whole history

‘of the ‘American educational sylten ‘there has ‘seldom been a. time - P
when there was greater turmoil and where thevetatue of teaching, '
in both the public schools and univeteities, has been lower than
1t is now. .

All indicationr point to the fact that jthis decline in \
popular support of our educational systeam will continue. Few ~
positive factors other than interest in the computer can be _

pointed to. ‘ - //'

Coupled with this declining appreciation of education, - \\
Jperhaps even a consequence, .is .a factor which affects ‘education
even more directly, the factor of increasing financial -
constraints. The schools do not raise enough money to run.an- : .
adequate. oducational system in this country today. “Any adéquate |
science or -athenatice teacher -can Wake far more money outside of
the echoole and- univeuitiee than tbat individual can make within ‘ )

By
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the schools. A few, teat.hets will be dedicated enough to stay with;

e
’

© Hi

cne—schooi:s—or—to—gwto**schoompttrot‘thn. But many
competent people will not, and many people who are not competent

to do anything else will teach. ‘These are ‘harsh statements:, -ones -
that are not ple‘sant to hear, but I think they must be made. .

Financial ,constraints also :show. up in. other important ways in

- education besi e teacher salaties. We have had no new major

curriculum defelopment at any level in the United States for -over . oo
ten years. am tefetting to sizable curriculum development '
projects, - type which could lead to improvement in..our
educatmna]?ﬁystem. Indeed, ‘since the development of the MACOS
course in. the early 1970'8, federal funding in cutticulum :
development stopped -almost entitely. Ironically;, we were just

becom.ng skinful in such developuent when ‘the funds vanished.

2 Even young children ftequently show little

int test in education, teflocting widesptead patental attitudes.
school classes oZten seém more” like battle fields than

cational institutions: 'rhié is in statk conttut to what one -
nds in many other countries at the present time.

! ‘ Hence, Auetican education, and to a lesser extent ~education
and new ways of doing things,, Much of the .pressure on education

i from the outside, and tn1§ is the type of.‘ pteuure which can
lead to real. change. e

/ evegywhete, is in trouble at the moment. It needs new apptoaches .

"The teaching profession is caught in a vicious -cycle, % )

spiraling downwarad. Rewatds are few, morale is low, -the best i

teachers are bailing out .and the supply of good recruits is
_-drying up. -3

H

Computers ‘ .o - S AN

\\\\ ’ S~ T

When ve move from this dismal picture of what is happening in
education today to look at the computer situation, the pictute is
entirely different. The computer, the ‘dominant technology of our -
.age and still rapidly -developing, shows great ptoniae as a / . L
learning mode. It has been said that the co-putet is a gift ‘of .
fire. - e

I
~ P

ritst, few_hatdwate co-enta Personal computers will be
_dominant-in" education. But it is a nmistake: to believe that

" computers currently around are the ones I am- talking. about. We h -

are -only at the beginning stage of computer development,
particularly with regard to the personal computer. Today's Apples
and even today's IBM Personal ‘Computers, a good bit more )
sophisticated than the Apple, are hardly a shadow of the types of
machines that will dominate learning. Central processing units
are becoming cheapet and.more sophisticated, and memory of all

" 21
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types is rapidly dropping in price.

-

The integrated circuit technology is only at its beginning, — \“ ;
and we can expect a 1ong- steady decline in prices, increase in ‘ ‘
capabilities, and.decrease in size. Going along with this will be-
increased educational capabilities, such as sound (both in and
oiat), much better*‘g“r‘aphics, alternate media, such .as thosge

' provided by the _videodisc, and a host of other rapid developments.

S In planning for computers in education we must give full attention
to this dynamic situation rather than focusing on today's ’~\
'hardware. . N

Technology i& not learning.- We can. be_too carried away with ,'i'
the teclinology and become interested in it to the .exclusion of - P
1earn1ngl S0 we should not give primary attention’' in education to
the new hardware developments. -The real intereut 1n the .computer
in learning lies not in its decreasing price and 1ncreasing
capabilities, obvious to all, but rather to its effectiveness as :
learning device. //a

[ e
-yt

. \\»\ . - - !'#
How does one demonstrate this effectiveness? 1In education //
the traditional mode Of experiment has seldom proved.to be i

satisfactory. Neither the financial resources nor the number of
subjects are adequate in most exilting educational reaearch. The
Adifticulties have to do vith the many variables which, ‘cannot be

oontrolled, 80. different fro- tha experimental’ aituations that/
were typfcal of the physical sciencea. Pew large-~-scale // .

‘experiments have proceeded ‘with "the computer, and these were pften ‘
flawed. FPurther, our skills in developing materials. have -

advanced, and many of the studies are based on nininal early/ 1 - -
material. We can find lists of research projects th\at supposedly . T :
do or don't demonstrate that ‘the computer is good in 1earning, but - ya
I am singularly unimpressed with most of these studies whe r - T S -
. N examine them closely. - .. , ,e»‘“

So the use of adequate comparison: atudies in deuonst’ ating )
that: computers are useful in education is seldom practical. All TR
is not lost, however, in demonstrating effectivenesa for users. - - ’
One important way to do this, very convinecing-in nany a tuations, Lo
“ -is- to look at some examples of ‘what is possible and to jpoint out y
i . . the-featiires of those exanplu which lead to the co-puter becoming
o e T generally very effective in -learning. It is this appréach we will
: follow here. Another approach is through ‘peer evaluation, the -
;exanination of materials by’ pedagogical experts in the area
1nvolved. . ;

Educational 'rechnolggx Center Projact

T will describe in this section thre'e projects in computer
based learning from the Educational Technology Center. The first
used a ‘timesharing system; the others, more reoent, were developed

*directly on personal comptuers.

The firat project is a ‘beginning quarter oi;' a college -based .

f\ * . ’ T !
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physics course for science-sngineering majors. The key<computer
materials are the .on-line tests, taken. at a computer display.

. Other computer 1earning materials” are also available. The teats

'support” ]

have in them a large amount of 1earning material. As soon as a
student is in-difficulty, he or she is given aid which is-
specifically related to the difficulty. ‘Bach test is unique.
Passing|is at the competency 1eve1; students either deémonstrate
that they know the material or are asked to study&further and then
take another variant of the test. In 10 weeks we give about
15,000 individual tests to 400 students. The computer keeps-the
full class records.4 The National Science Foundation provided

The second project is concerned with scientific literacy. It
hopes to acquaint students with some fundamental notions about
science: uhat is a scientific theory or. model? How is such a
theory discovered? How: do we use it to make predictions? _What-
determines if it is a good theory or:.a bad theory?f’mhe’ﬁiterial,
currently six two-hour units, is designed for _a-géneral audience, .

-with initial- testing ‘done extensively_in*tﬁe public library. rhe[

materials have\also "been tegtgd—in junior high schools, high
schools, co-nunity coi;eges, and universities. Support was from
the Fund for the Inprovenent of Postsecondary Education.5

&»«\J)

_-—The third project dins at helping students become formal

’operational in the Piaget sense. The primary 1eve1 is_junior. -high

Y
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school. The fornat for these units is similar to that for the
science literacy materials. The project is supported by the
National ‘Science Foundation.6

‘Computer Advantagas

Giver a brief vieu of several activities involving- the
computer in learning, we can-now say why the computer is such 2

—«hepouerzul 1earning devicef At least two factors are critical in

considering the e ectiveneae-ofuthe  .computer .in aiding 1eanning,
the interactive nature of\conputer ‘based 1ei?ﬁing*and~theeabi1ity
to individualize the 1earning experience to the needs of each.
student. . ) \
One of the major probl\' in education, particularly
education vhich must deal with very large fiumbers of students, is
the fact that we have lost one of ‘the most valuable components in

,earlier education, the possibi ity of having learners who are

always Playing an active role in the learning process. 1In
classical Greece, with the Socratic ‘approach to.learning, two ot
three students worked closely with Socrates, answering Socrates'

" 'questions and therefore behaving active learners.

\

" The process was highly labor intenaive. As we h more and
more .people to-educate it became less and less possijiie to: behave
in this way. We cannot afford or produce enough master teachers

.to. base our educational system on “the Socratic approach. But we

can develop good conputer based learninq material in which the

‘
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student is qlways active. The computer may enable us to get back
to a much more humanistic, a much more friendly, educationel/’/ -
.system by making all ©Of our learners participants rather»than*the

spectators. they frequently are in our presentfgook- and lecture- .

learning environments. ,,,//”’//

The second advantgge«offered by the computer is
1nd1vidualizat/,naot”the process of learning. , Everyone says that
students are different, that each student is unique, that each

_studeént learns in different ways. But most of our- ‘gtandard

’;,,f~”‘ learning procedures, such as the lecture, are very weak in -

~

o

__.allowing for- these individual differences. ThEy typically treat
most students in the same way. For example, if a student in a
particular point in a course lecture is lacking some important
background information, that student is swept along in -our.
traditional courses with everyoné else in ‘the class: _The nlssing
information is hard to acquire under those circumatancea. #he

~ rational procedure would-be to allow the student needing special

" help to stop the major flow of learning at that:point and. to go
back- and pick up the background information. Butrnoet of our
" ‘present structures for learning have -no adequate provisions for
such a possibilitys ‘Theé actual needs vary between what "can be
learned in a few minutes and what can be learned in a whole L
course. - . . .

With the computer the situation .is entirely different. Each °
student can move at a pace best for' that student. Each student

will be responding frequently to questions. (We have found;in .our- -

~ recent programs that .a student responds _about--every fiﬁteen

: seconds) 80_the conputer, with “curriculum material prepared by
excellent ‘teachers, can deteruine what the student understands or -
does not understand at/a given point. Remedial aid can be given
where appropriate, sigply as part of the flow-of the material -with
o break fikom the student point of view. Indeed, the student,
using well-prepared uter -based learning material, does not
have the impression, that any "special® treatment is taking place,
‘86 no psychological stigma is attached to such aid. With.the -

,1nd£“lau‘llrn on
: the goal of ialteéy learning, where everyoné learns all material

easentially perf tly. N . L .

So much tor *why" computers are going to become the dominant
educational'delivery system. The two factors mentioned, the
unpleasant lituation in education today and the usefulness of the
computer Il'l way of learning particularly in dealing with large .

- humbers ot ltudents, suggest to me that the cowsputer will move oy
rapidly forward in education. But we still must look at the other
side of’the question, | 'how' Of the development. That is, how
do we love from our. pre lituation, where conputerl are little
used in learning, to a s uation in which they are-the douinant
dellvery syltel? This 1: the subject of the next section.:

»

HOW. WILL WE MOVE 10 MUCH GREATER COMPUTER 0537%

sible with computers, one can hope to achieve -

-




Lét me first iqupi'tulgté;égtli*et informationi. The period-
ahead in education, for at least ten years and probably longer, is
likely to be.one of tremendous turmoil and’ strife. We are juat

~ beginning to see the outlines of ‘that strife at the present time.
The strife will be increased greatly in education as we begin to
move toward such ideas as voucher systems and. mote detailed. -
accountability, -The’ ti‘;éditioi'ﬁ; methods of preserving the status
quo in education, or allowing ‘only small incremental changes to~

. take place, such as the power of the administrators and the*
unions, will have relatively little effect; much of the turmoil in
schools will be impoged from' the general community. Often changes
will bé generated by financial decisions ,yzh\iqhi.;ead— to~less money -
to the schools. The challenge willi be the most serious. one that

--has ‘been. 8een in a ‘very long time in“the educational system.

~__ The following comment by Peter ,Dtu&e; gives a ‘View of the
situation from outside academia; - ) :

v
+

"~ "In the next ten or fifteen years we will -alimost certainly
see strong pressures to make: schools responsible for thinking
‘through:‘what kind of learning methods are appropriate for
each child. We will almost.certainly see. tremendous
préssure, from parénts and: students alike, for result-focusged-
. education and for accountability in meeting. objectives .set
for: individual students. . The .continuing professional - - o
‘education. of highly educated mid-Gareer adults will -become a
.-third tier in'addition-to undergraduate and professional or
.. ‘gradudte work. Above all, attention will shift back to 4
5chodls:and education as’the central capital investment -and
infrastructure.of a 'knowledge society'.*’. o
4 - 7 - .- . . - T

. “thus; we wiil Hdve a socisty more and-more-tnhidppy wieh'the

‘ _current ‘edicatipnal systém; a society. groping for new ways to
.. -__handleé-education. - ‘Few. "solutions™ to- thé problem will be, .
BRI "‘aiipiffént;:;". o T Tee e T - -
- o Y ’ ot t.’,v C ‘-"_‘,“ i

_ Home Computers . . . §

- During the same pefiod Of time computets, particulaily
pecrsonal computers, will be decreasing in cost, increasing in
capabilities, or (more likely) some ‘mixtufe of these two trends.
The changes will often. be drastic. While the term one hears in
the computer industry, sero-cost hardware, is intentionally

‘something of.an exaggeration; it does. reflect what is happening in
many areas of conpgtetg ,techgnlqu.i ., . T
T One aspect of the rapid development of personal computers
that will be extremely important for ‘the future of education will..
* ‘be-the increasing presence-of the computéi. in howmes: "Homes will
represent -the largest possible market -for personal computers,
since in no other gituation Tan:one speak of millions of units.
There are approximately eighty million American homes; so the
‘number of ‘computers which can be $01d for home usé, provided the
ordinary person can be convinced that thé computer is valuable .to

%




‘be very greet.
"'In a.sense, “educat on»:'ls nevere_!'fitet" _with ¢ puteg‘s. For ' R
many years we piggyback -on essentially a business or scféntific' T /““ -
technology in computers with edication only a poor follower.  The ‘ .
new gituation will be similar, but with: the home market the -
dominant one. \ . . [ .

) - " TO sell computers for the hone, 1t wi11 be hecessary that ’L. . i

they.do something. The meret home owner ‘is not ‘going-’to buy a

) compnter on the grounds that hey .are currently being: sold to I

' homes, pri-arily for hobbyietl. “The ‘home user of ‘equiphent buys . J
- an appliance, a device such .as a reftigeretor or stove that ; .
accomplishes some task or tasks., They don't buy a gadget that

they can put together in various'ways to’ ecconplish -different -

" types of tasksl The sizé of theé homé market will depend on the T
skill of vendors in convincing 1le tbat the co-puter in the -~ - 'r
home vgill be useful to the avenge petson. Some estimates. eve |
suggested lixty million conputere iq ‘homes in- ten years. |
I do not wieh to imply thet e lingle epplience—like use of |
‘the ‘computer will drive the home urket. On the contiaryy a ‘
variety of such uses are likely to be important. -Home word |
processing, for emple. will be an extremely. important uee. Home,
financial systeas, conplete enough -to ‘keep -all the finenciel
records and write the-income tax when asked to,. and to aid in home . -
- finaRcial decisions, will also be of i-portence. Personal record )
keeping systems, including class notes, lists, and’ linilar uses, .
are also likely to be of ujor use in the home. PFinally, T
-~ educational material will be one of the types of material :that .
) without question willl drive the home market. The size of this. .
market .will depend on the quality and quantity of such eppliance-
like progrm . .

. JU R ~
/

e

Thus, we wi11 find learning nateriel tpeeed on the ‘computer -
being developed for home computers, in some casés almost.

’ independently of whethér it will also. be usable in elementary. end ‘
secondery schools, univerlity, or other learning enviroments. -
Schools will use the material' developed primarily for'education in '
the home even ‘though it miy not be ideally suited. It-may be that:
this material will often have more careful thought put into it
than some of the-earlier products developed particularly for the
echoolxe’f ironnent, ‘simply -because the potential market is }so much

. larger ‘and users’ more discriminating. Schools are already '
‘desperately -searching for computer based learning uterial and are
finding that little good uterial 'is available." ST

. rhe people who are using the new leerning nteriall in the .
home will bmconing to our schools and universities. They will .
‘already have become accustomed to interactive learning, and more

and-more they »ill domand it in educational institutions. If the S ‘“

" educational institutions ‘wish to survive, they wil:l. provide it.

— e
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-1 am ’tgkiné :\_"vhq,t may seem to many of you, given the nature of A
o, the audience, to be a very market-oriented point of view. But we

. must be realistic:in trying to. plot the futura. - We must -~ - »
-understand that the most fundamentsl-issues that will determine

" . the future are these marketing issues; not the academic issues
which may be at the forefront of our own minds. .- DN .
T T S ‘ : . o ~
S < Lo "o . ’ t ’ - : . ’ 3 ‘,:
i ~ When we 1look at the school market, we see interesting )
‘.comwercial pressutes. The dominant sellers of educational Y
© - 'materials to_schiool:s -today are the commercial textbook publishers.
" Yet commiercial textbook-publishing is a static domain at almost
- &, all levels of publishing. That is, it is ditficult for a company

o to make much progress there, in the sense of increasing profits.
% Bducation itself 'is-getting declijiing ancunts of money. There
" 'will be ‘declining numbers.of students for ‘many years. The
Competition between companies is fierce. To end’ up-with a much ¢
r - ‘larger share of that wmarket at the preseit time, considered purely
. ’ -as- a ‘textbook ma; ket, is-extremely difficult. =~ L

*

= 4 o . . - ' . e
Yy o .50 it is fot surprising. that many of the most influential
textbook publishers are now beginning to devote sizable ‘amounts of
3 . effort, attention, ard money to ‘computer based learning. Theéy see
a0 o “this as. 4 new market, where it 1s not at all clear at; present who
T will become dqainant. Thus, a minor textbook publisher could see
Ll ¥ the possibility of becoming a major compyter based learning -
,;. - publislier, or a major publisher could see. that computer based
== 4 © mateérials would very much inCrease revenues. Or ‘a new company B
T ‘could’see this as a particular opportunity “for. advancement,
. . 7 allowing ‘them to leap over the eitablished companies. All these
- . situations are ‘happening now.. , R SR -
E . The list of ‘textbook. Publishers. puttiig.sizable tesources: .
5 + into computer based learning is a distinguished orie. *If includes -
Y such names as John Wiley, Harper & Row,_Scott Poresman, Science
' " Research Associates, McGraw-HiII, Rand m;House; “Encyélopedia
Brittanica; and many others. ‘The type of involvement is different.
‘ : in- different companiés~-this-is, -after all, a new market, one that ¢ ‘.,
S 1s poorly understood by everyore. The degree of.involvement also '
D ' differs from company to company .and' is likely to diffq;*;n time..
In addition to these established companies; nes companies,
often particularly devoted to either educational doftware or to
- /personal’ computer ‘softwate =more generally, are coming into °
. ‘existence. Sizable amounts of venture capita) are available for .
e such -companies: These companies, old and’ hey, will be selling
- their wares, and so icre -and more school districts and '
universities will be.able to easily acquire’ computer based
,  "learning materials.. . s E oo :

. -Both old'and new companies will have people actively
soliciting: school business. The. older textbook companies may want -
- to tie in the computer material with thpir" existing -textbooks, but




the newer companies will have no rieed for thie, .and- s0 may be open
" to,:more- adventuresome ectivitiee. Some of the ¢ ﬁmpeniee will be
*eelling to a combination ‘of the. Home and school ‘market. In
general the* utexiele developed ‘for the home market will be
eveilable in tl;e echool market too. e e

“ 3chools St \ . .

Given the"turmoil and financiel reetreints in, the schools,

. the- cometciel pressures, the pressures created by the home

" market, and the increasing effectiveness of the computer as a
learning ‘device; more and more -schools. will turn to computers for
delivery of leernmg)ueteriel. Indeed, we can already spot this
happening, elthoubh/in ‘a minor way. - ‘ .

One intetesting eign is the fact that meny schooie,
perticulerly small schools; no longer have edequetely prepared .
teachers to teach many of the hportent courses in- the curriculum.-
Thus.if we look at ‘high /echool couteee ‘such’ ee,trigononetry,\

" advanced mathematics, -and science colrses; rural schools in the
United States preeently are often not-providing ‘these .
"Capabilities; at least not in a way'that is conpetitive with -the
better large urban schools. Computers w111 be .a mechanism for.
equelizing oppor tunity for students by providing computer- based
learning: courses in theee.;leclining areas, courses that otherwise
would. not be' available. Hopefully, ‘these courses will be

" developed by the best individuele from e11 ‘over the -country.

We may see a decreased role of the £ rul echool and the .
- formal university in our educetionel system. education will
be able to. teke place in the home in a Elexibl eehion. At the '
univereity 1eve1 we already see one outebending exelple of ‘a
-development of ‘this kind, The Opén Univereity in the United
Kingdom, -but et111 with relatively little ‘use. of computers.. The
Open University ‘has-demonstrated that. good curriéulun neteriel in
home -environments can be effective as a learning ..ode end
econonicel as compared with the. standard cost of educetion.
Voucher systems, if they are emcted, w111 neke hone learning much
more. likely. ’
. I do not wieh to imply that all educetion will move to -the
‘home. Indeed, a view .of the ‘educational system such as that shown
~in George Leonard's book, xducetion and ‘Bcstasy, sugcests that the
,sociologicel -components, the fectore associated with: 1iving with
other people and living with oneeelf, w111 still probably best )
take place in small ‘group environments within schools.” But many /
of the knowledge~based conponente of learning may move to the  /
home.

Types bf ‘Usage ' . o »

L] -~

) We ‘have discussed very little about the way computers w111 be
. ueed ‘within the school system. Something needs to be- said about
thfe, if only to counteract some of the current /propegenda.
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. 1 wish to go on record as stating that the computer will be
- . used in a very wide variety of ways within our educational s _ystem.
‘ . The notion -that some. "right"™ way exists to use the computer, and
' ' that -other modes of computer usage are" so-ehow wrong, is one that
has been promulgated, I am afraid, by a nunber of individuals and
groups in recent years. 1Indeed, often staged debates at meetings
- conparing types of usage ‘have been ‘held, with the inplication that
there are right and wrong ways to use the computer. in education.
N ‘Books have been organized: in such a way that it sounds as though
‘there were a conpetition for different types of computer usage.

These debates, often on philosophical grounds, have made
tacit assunptionxthat a right way to use the .computer exists, if
only that way could be discovered.. Mostly the authors have had a
naive belief in their *right" ‘way, and then set ‘out, to try to
3 . ' . establish a case for their Deliefs. ‘The principal problem ~with
: . this. type of reasoning is that -it often does not proceed from
instructional bases, nor: does it proceed from empirical bases,
experinental studies.’ That is,’ ‘the issues that dominate are often
technological issues, the nature of the computér hardware and what
. . can be done with the computer hardware. These writers are trying
A . to. cakve some unique niche. for -the conputer -among other learning
N media; , A , - .
These technologically-based and media-based. arguments for a.
; single type of computer usage are, I believe, entirely uisleading.
L The decisiona as to how to use co-putera-the ‘modes of ‘computer
. usage; -the—areas-~should be mide entirely on &gggic_a grounds,
. ‘the :questions of what -aids learners rather ‘than on these
. :philoaophical, nedia, or tachnological grounds. uhenever
‘ decisions are made ‘on pedaqogical grounds, it will ‘be found that a \
. wWide variety of co-puter usés will be enployed uses which are
often adapted to. the individual situation being considered. There
1€~no single 'right' way to. use co-puters, but rather a great
variety of wuya. e :

-

T S AT

b 3 wfll give -& brief classification of the various ways the .
uter can be used. Thia list is not exhaustive nor-does it
v fine detail. But it may be useful to at 1east consider the.

r.m‘a .§ ;
T . «
| . o COnggter Literacy. COnputer 1iteracy is ill-defined and | 80-
s - much debated. It is recognized that at all levels of educetion,

atarting ﬁerhape as early as: eight or nine years old and -
eontinuing -through the school system, univereity, and adult
education, that individe:ls in*eu=—20ciety need to understand ‘the
various waya the computer 'is.going to be ueed in that society;
they need 'to understand the positive and negative eonsequences of
, = those ways. Pew: full—acalc co-puter 1iteracy courses exist.

Indeed, what often passés as computer literacy is vague history 'OF.
learning to. program in a ainplifiad way, to be: diacussed,in a

; ,:-o-ent. So ‘this is still very much an- open arsga for computer
uses. Spacializad courseés ‘are needed for each: group. addressed;
thua, cOIputer literacy for teachers is a p ressing national issue.

I
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- All these courses need to consider such important. future uses as-
‘word processing, personal financial and record keeping systems,
and eductional. matetial.

Learning to Ptqgggr Learning to program is alteady a
rapidly dincreasing activity in our univetsities and schools. It
represents in grade six ‘through ‘twelve the most comnon ‘usage of
computers at the- ptesent\tine. Unfortunately, where it ‘happens at
this level it is often a disastet, harming -more.than helping the
student.

'rhe major problem is the way programming is taught. A whole
group of people is being taught a gset of techniques which are no
longer adequate, to ‘the progtamming -art today. These techniques
were common in ‘the .early days of computing, ‘but -they are :

" inadequate according to today's: standards. Many of the people
learning: to program in junior ‘high school and--high schocl+cannot
overcome thé initial bad habits which have often been instilled in
them when they come to the universities. Many universities ari

now reporting this phenomenon. ‘

-

- The main culprit is BASIC. It is not that BASIC has to be
taught in a way ‘that is'antithetical to everything we know about
programning today. But it _almost inevitably 13 taught in such a
fashion. BASIC s the- jank food of . moderh. .

_ the analogy is- close in that junk food tends to destroy the ‘body's
desire for better types of food. 'But the analogy is weak in one
rega:d- BASIC is the initial language of the vast majority of
these people. It 13 as if -you started feeding junk ‘food to babie:
one day old and didn't give then'anything else until they were
sixt If I could leave you with one message, perhaps— - :
prelsing message, it is to STOP ZEQQQING BASIC. It is beconing
Clear that students who leatn BASIC as their first computer
language will in alnost all cases lcquirc a set of bad "programming
habits. These habits are very difficult. to overcome, 80 BASIC
programmers have difficulty writing readable and. maintainable / o
code. o - i .
/ : -
The following recent commént by a distinguished computer
scientist, Edsger Dijkstra, is telcvant: .

"It is ‘practically 1npossible'to teach good programming t
studentn‘that‘ggvc a prior exposure to BASIC: as potential
ptogrannersfthey are mentally mutilated beyond hope of
tegenetation. L o ,

What programming languages should. we teach? There are a
number of possibilities for. junior high and high schools. o ia
-ce:ta;nlx ‘one interesting possibility, although I must confess:
that some features of Logo are different from those recommended in
. the-best modern programming practices. Logo, ‘however, is
1ntroduccd in & problem solving environment, and that is very much
to its advantage. ‘Often its main intent is presented not to [teach,
programming but to teach more general problem solving capabi 1ti;g




T
-or;somQ‘speqific area of mathematics:; But its general propiem
- 8olving efféctiveness has yet to be demonstrated in our mass
school environments with ordinary teachers.

Another good possibility is Pascal or a Pascal-like langiuage.
The material developed. at the University of Tennessee and sold by
McGraw-Hill under the nameé of "Computer Power™ is an ‘excellent
exqmpie of an approach of this kind. 1f one 1goks for print e T
material that is usable at the high- schiool and perhaps even.at the
‘Junjor high school level at the present moment, the-"Computér ,
PoWer™ material 100ks to me to be easily .one 6f the best
- possibilities. " e
Another approach is to develop some interesting capability
based on a structured programming language. For .example, the
recent Karel, The Robot from Wiley follows.such an approach.
‘Turtle geometry, 1n’Logo(41s”gh§~be§t:knqqh“examplei””‘W*”“’””'

Learnfgﬁ.withinnsubject~Areas. ‘Undoubtedly the largest use
of the computer in schools at all levels will eventually be not
the catégories just discussed but rather the use of the computer
as an aid in learning mathematics, in learning to read, in
learning to write, in léarning.calculus, and in al] the other

‘tasks g836c1atgd with the learning process.

) ‘One person imay ‘work alone at a -display or seévéral may ‘;rk
together. When one looks at these learning tasks in detail, again
one finds a great variety of computer use, ranging from tutorial
material, to intuition building, to testing, to aids in management
of the class for the student (feedback on what is needed and how
‘to go-about getting. it), and the teacher: - The 'three projects
presented earlier shpw'soqeggingyoﬁsthewrangg'af*ﬁbéslbiltties.

"dnfqptunatgiy; much of the material now available of this

: -- type is very primitive. We are, however, rapidly learning -to
~ develop better material- to aid learning.. : .

S PRODUCTION PROCESS * .

" If we are to move ‘to meet this few future, where the computer
will be the doiiﬂintipdugqtional delivery system, a critical
aspect will be the generation of effective learning material. we
need. new courses and entire new-curricula, spanning the entire
-educational system. Hence, the development ‘we are talking about .
is a nontrivial process. It is the degree of success of the
development process that will tell wheéther we will improve or hurt °

" education. ‘We must convince the likely distributors ‘that it is
important to develop quality mptegtals}_not the junk typically
.available today. ) . . -

!

i .
culum material in any field and with
any medium and at any level is a difficult process. 1t cannot be

The'devglopneﬁt of durri

/

done by amateurs who are dogﬁg it simply as a spare time activity.

Many new observers in this field, looking at the pProblems quickly,

24
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tend to underrate theseeproblema of developing ef fective learning
material. Hence; Some of the solutions which ‘have been. proposéd
areeeolutions which are siuply not adequate to tnh problems. - Some-
° of these solutionl assume only small incremental ch anges in the
curriculun structure and do not. understand the maghi tude. of the

~ development necesary. \

/ \ N
‘We cannot discuss fully in this paper all the Qspects of. the

" production process. The: Educational’Technology Center has

extensive literature available concernzng ‘these issues ‘for :those

1nterested. -, .

. Several critical points concerning products should be made to
give the reader a reasonable overall viewpoint, The production
system is a complex system, one that -should involve nany;types of
people with many different skills. If one looks at the production
of any educational material, one sees that that is the.case. We .
can léarn much by examining effective curriculum production
systems, such.as that currently in ase in The Open University,
that used .in-producing the najor curriculum efforts in the United
‘States more .than ten years ago, and that involved in euch areas as’ -
the developnent of textbooks.

What we- need to resist is the notion ‘that ‘one person, perhaps
a teacher in his or her spare timeé, will do it all. 1 do ‘not
believe thet any sizable amount of good ourriculun material will
be produced: by this nethod. Furthermore, I d6 not believe that
the devices which are being urged:for these teachers, 'such as

~aiuple-m1nded authoring systems baled'on toy 1engueges (Pilot)

--will be effectiveé. Nor do:-I think that 1anguages ‘such as Tutor

will be effective, becauee they do not meet .the reaoonable
criteria associated with modern prograuning languages.  Most of
these languages. are old in their design, and: few of them
understand the nature of structured progranning. A serious
professional approach is needed if.we are to maintain the quality
of the conputer based. learning naterials produced.

~

We, can see a. number of stages needed 1n suchoa professional

approach; listed. ‘beiow. . P

a) ~ Preplanning . ’ o
b) - Estebliehing goals, objectives, and. ‘rough outlines
¢) Specifying the materials pedagogically !
d) Reviewing and revising this specification ‘ 7

e) Deaigning the spatial and tempor: appearance of the material
£) Designing the code . ) ‘

~

.g) Coding ‘

’h)  Testing in-house . T

i) Revising )

j) Field testing

k) Revising

The 1ast two stages may be repeated twice. ) P

- -
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) develgpediwitﬁdut‘sdjelapprqéigtién-@t how people learn, éven

A}

methods.

of distinguishing reasonable from unreasonable courses.

—— T A
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In the entire process the educational issues, as opposed to
the technical issues, should be dominant. ‘The best teachers and Y
instructional designers should be involved in stages c and d to
assure the quality of the product. oo .

PRESENT STEPS

This paper has presented an overview of some of the problems
associated with reforming an entire educational system during the
next twenty years. . Many details are either not mentioned or . ,
treated very hastily. But I hope I have given enough details to. . y
convince. you of the main- directions that need to- be taken.. o

As: teachers, most of you are undoubtedly interested: in what
you -should do. now to work toward a more effective future for
education: First; you must decide whether you would like to be-
involved in the ‘type of curriculum development I suggested will be
necessary. If you do vant~tokbé involved, you .must .take a long-
range view. of how to prepate for this activity. :

.I would riot advise you to buy .an Apple.-and start to use itl
Nor, as you might suspect, would I advise you to take courses in
BASIC. But ‘it ‘Would be -desirable to take a variety of courses, if
they are accessible to you or ‘to study on your own, in certain

areas. - » ‘ .

- Here are some suégéstionpg “THe first fhtée refer to areas of
learning, either through ‘formal courses-or through informal

1. Learning theory. Good curriculum-development cannot be

though there is no single coherent theory there. Courses in -
learning ‘theory may hglp{'bqsed,on.the;tesegtch 11tetatuge

concerning learning. . '

2. Curriculux development. The;quéstionAgfghow to develop
gdod*¢utticulul-qatétfa1ﬁtgzonélghat deserves serious study. Some
universities provide suc’ vourses. Some textbooks eéxist. Many of
the issues are 1ndipeﬁgént,of-éouputeté,4tefgtt1ng to developing
with any learning media. . ’ .

) 3. Modern programming lanquages. qu;iight want to become
acquainted with modern programming languages, such as Pascal and
Ada: Again, you must be careful here: It is possible to meet
these linguggggxgigggiﬂip an old fashioned environment or in.one
‘that stresses structured projramaing. —You want-the-second. -
possibility. Look at the textbook. If it doesn't introduce
Procedures until a third of the way or even further along, don't

take the course. This isn't the only factor, but it is a good way

Low

’

Avoid: the "CAI*® languages~--they are 1nadéquq§e, not suitable

for serlous material. Look at the .authoring approaches based on
. : \ -
- o B . 26 é}:}
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o .moaerﬁ1structu<::°languages. . ) - : '4,
, - ;- ) ) - ) i . ;
- ‘4, Listen students. - In your own teaching, -‘begin to move . ‘

avay frou the lectbre mode presentation into a more. ‘Socratic mode.
A critical factor is listening to what students say and watching
) what _they do. This means that when you ask questions; you have to
- wait for answerel It also means working more individually with
students in -groups of two to four. It is only by this procedure
that you will begin to build up ‘the insights you need for how
students actually behave ‘when they are learning. - -

People ‘whose primary mode of interaction with students is
through the. lectute mode or through textbooks are seldom the best.
choices for preparing computer based learning material. The
development of couputer ‘based learning material will need vast
numbers of experienced teachers, teachers who have -been listening
to their students and who understand student learning problems.

\»

5. ,Pereonalmcogpgtere. Begin to use a variety of personal
computers, with particular emphasis on the new generation of 16
bit machines. Read the journals that tell you -about new
equipment. Watch for voice input, better graphics, and full
Anultinediaﬁgapabilitiee._

\ S
MRS -

" 6. Critical attitude. Look at a good bit of -computer based
learning material, trying to develop a eritical attitude toward
it: Dpon't be’ overwhelned simply because it is interactive or - ,
because the computer is involved. Keep your mind: on ‘the learning .
issues and learn to develop some sensitivity as to what existing
material helps learning -and what doesn't.

R K38 o s
’

Most existing material is poor. - Find out why, Read the
journals that specialize in critical reviews.. SN .

7. Work with others. - Tne development of good computer basged ,
learning material is best done in a group. Work with others in |
discussing goals,-strategy, and the details of design.

8. Future orientation. Conceritrate’ .on the long-range
. eituation, ‘not today or tomorrow. -Decisions which are "good" from
‘a short-range point of view may be undesirable in the long range
to both you and to the future of our entire educational system.
So keep the long-range point of view atrongly'in mind.

9.. Visions. Begin to think«about what type of future
educational system would be both desirable and possible. If you
want to influence the future, you must have visions.

'Developing quality coeputer-aaeietid ‘instruction demands

forethought; those of you who ‘are unfortunately caught ap in

expedient movements in education need to take a closer, more

courageoue look -at the nature of the hope .on. Pandora's chipr )
You're dealing with as powerful a tool as the gods have ever .
given us.*9 A
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-7 As_the number of microcomputers increases, so do the mmber of alter-
native learning enviromments. Educatjon, in many’ forms and on many subjects,

‘ A nd/ into the commmity. Some of the -
emerging entérprises are ‘the "store nt"' " l1€éarning Centers, mnuseums and

theme parks, and commmity-based Car;f:uter’l‘own sites.
N v T / : E
~ Storefront Lea/t ing. Centers
; 3

-

The idea-of a storefront learni g center is not new, Before computers
were readily available, there were alternative classroom experiments’ in many
areas of the U.S. that ~foc’:u_s_§d”or';¢the;\de1#i\{ery~of “traditional learning .

\ ed, 2 handful of eager piorieers explored
‘computer-centeréd learning situations. In the early 1970's, Liza Loop: .
founded the LO*OP Center, and Péople's Computer Company established the
*m.mity,cmputer Center in "C%'Zli‘fomia; )

These early ventiires poi éed the way towarc/l,,the""“fﬁ{ﬁré but appeared

has spawned a new generation/of alternative education enthusiasts. In the
late 1970's, Amnie and David Fox created the Marin Computer Center in San
Rafael, California. Their Successful and jnnovative project represents the
latest precursor to the host of other léarning places being generated.

J . ‘{ * ~ . i
In Rolling Hills, Ca;i’ifo,xhia,, Blair Sullivan founded Math City, a place
to learn after schcol. In half-hour sessions, Math City uses computers and
software to provide drill and-concept formulation opportunitiés for children

of the nearby commmity:, §
el A

“The Learning Circuit in nearby Los Angeles, California, also helps .
people make  connections with computers. Gary Ward, the operation's director,
offers courses and hands-on experience in programming, use of a .computer, .
financial applications, word processing, data base program usage, and micro-
r;gnput‘er-‘based}mam'g"‘emeht systems, L

Computer Capers operates inside a shopping mall in Mountain View,
California. People can "rent" time on a computer by the hour or half hour. -
Computer Capers provides access to a variety of common microcomputers,
offers classes on programming and applications, and lets you'preview'

-

@

software in your rental sessions. o
/ A T . - . .
Jerry Brong in Washington state has started a chain of storefront
centers targeted for rural commmities. He Klaﬁs to offer hands-on computer
classes, assis\tancé to school districts in:the hreas of word proce:ssir}g

4 3 .
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training; -arid a number of other services. - Interestingly enough, his

__——¢ompany's name is Commmnity Computer Center, Inc. The wheel turns full

circle.

. Museums and Theme Parks

One of the earliest museum-based public access computer facilities,
and, currently one of the largest projects, is the Lawrence Hall of Science
in Berkeley, CA. This science museum; perched amid the Berkeley foothills,
houses both interactive scien- -xhibits and a multitude of microcamputers )
and computer terminals. In .. an, the museum has a computer van that
travels to local>schools. : : ‘ '

. With the influx 6f micro-technology, several new and innoW¥ative
'"hands-on'" museums and. theme parks have appeared. All of these places pro-
vide the public with the opportunity to.actually use and learn about’com- -
puters,  along 'with numerous science and technology eghibits.® - /

The Capital Chilgir‘en’s Museum. (CQM) in iks‘hiﬁgtgﬁ,» DC is a.prime

_example. Amn Lewin, the dynamic director and founder .of COM, advocates

"earning through doing.". All of the exhibits, and the large computer rcom
called the Future Center, encourage exploration and play. At the COM, kids
.and adults find that they can farely resist putting their hands into or

onto some part of the participatory -environments. |

Sesame Biaé_e , a joint venture of thevdmildi‘en',s‘_'Televisibnﬁ Workshop'
and the Busch Entertainment Company, sits in a bucolic commmity in Lower
Bucks County, PA. ' As you would expect from the people that ‘brought you .

. and your children Sesame Street, they combined their skills: and the talents

of Joyce Hakansson, a former staff person at the Lawrence Hall of Science,
to produce. a uniqiz Computer Gallery. They built special keyboards, and
encapsulated over 50 Apple computers in brightly decorated boxes. .

The magic of these places have i-nspired others to- try their ‘hands

. at mixing peoplé, computers, and exhibits. Some notable projects are:

the Pacific Science Center in Seattle, WA; Boston Children's Museum, Boston ;-
MA; Franklin Institute, Philidelphia, PA; and the traveling Chevron
Creativity Exhibit. New ventures appear monthly. Look for mic mputers
to appear in-zoos, aquaria, and your local theme parks. This summer, the
San Francisco Exploratorium, a renowned.museum of science and human percep-
tion, is offering computer graphics courseés for kids 6-years-old and up.

chﬁﬁptér’l‘ownsr
Bob Albrecht and I.began the commmity experiment, caiied Coiputer-

" Town, USA!, in the Spring of 1979. Late in 1980, the National Science

‘Foundation awarded ‘a.grant to the project through Peoplé's Computer Company
to develop a-détailed, and transportable model of the project. We were to
use the grant money to.encourage others to begin ComputerTowns in their
own commmnities and- to-.develop- an implementation package to assist with
that process.. . "

i1 - - I e
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. From the beginning, ComputerTown consisted of three elements: an ., .,

f idea, things we did within our local commmity, and a set of locations or

' sites where ComputerTown’ events and” activities took place. All .three.of " «

/ these elements are dddressed in the introductory sections.-of the project!s .
} implementation package. Here are a few-excerpts from that material answering #
“the most frequently asked questions aboyt ComputérTown. The implementation
‘package will be -available for public dissemination late in 1982. The title

.of the package is utexTown: A Do-It-Yourself Commmit mputer Project.
authored by L. Loop,. ton, e S

'
{
f
|
-
i
|
T
{

_ . and R. Zamora.
E What is a’ ComputerTowin? ‘ : N .
o A an;’uterqunj is a;’iypublig access computer literacy project. It is':

| a group of individuals, adults and children, helping each other become
| informed g:itiz‘.en's of -toady's information society. . .

/""" A ComputerTown's. goal is to offer an informal educational opportunity
for everyone in the commmity to become "cComputer.literate. :

‘ / who Benefits From. g';CauputerTown?

! - Anyone ‘who would not otherwise have aci:ess to a computer or computer
[‘ “know-how benefits. from a ComputerTown. .
S Children meeting microcomputers for the first timé encounter !hew"

| tool for solving problems and expressing creativity. When a disadvantaged
child discovers that he ¢an program a computer, he is suddenly open to a
whole new spectrum of edticational and vocational possibilities, Teenagers,
! many of whom-are already computer literate, learn social and teaching
. | skills. A ComputerTown provides a significant learning.experience which. . }
/. _broadens and supplements what a child learns in school. This knowledge is —
; often passed -on from child to parent. — )
;1 Initial adult users with littlé experience often exhibit anxiety and
-discomfort when they first encounter the technology. An introductory sgt
-of workshops, courses, -and hands-on experiences address-these peoples' ¥
questions. and .concerns. The words "Computer Comfort" categorize this stage
of the user's investigations. The user looks for some way to-relate to the
: technology, some way to get comfortable with it, and ComputerTown shows ~ - -
;{ tm how. . ) - I
H . ) o . ) :
' o Once a sense of comfort is established, the user -and his interactions
with ComputerTown progress through a stage labeled !'Computer Awarepess." .
The focus at this and the previous level is not on ﬁpi‘ofic_iency" (that is, }

- on "reading ‘and writing" in the traditional sense) but on "familiarity"
q L " with the technology. Knowledge at the experiential level, gained by hands-
on activities; takes precedence over '"hard" learning objectives, such as. .
being able to program. ] . o - - R
e - e ‘Oiice users 'Ei'_efboﬁlfﬁrféblé with the tec’hhoiogy and aware of the

computer 's--capabilities, they are offered preliminary courses. and -workshcps

.

S .
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in “Computer Tool Use.' Some of these activities might- include learning
“to program the computer, exper1ment1ng with various computer languages; y
or adapung software -packages for use ‘within the home or small bus1ness . :

-~ M =

/a

mﬁteﬂbwrm : ; - e

) ' Each local ComputerTown determmes its own activities. In its’ Zirst
©  two years, the .ComputerTown in Menlo Park, CA has run many classes, work-
* shops; playdays, special interest study groups,, and' lectures. Computers
Have traveled to the pizza parlor, the senior center, econom1ca11y dis-
advantaged sectors of the commmity, and special educat1on schools. Com-
puterTown, Menlo Park has also provided continuous public access to micro- .
computers at the. public 11brary, and its "computer validation" experiment

certifies adults and kids in the rudiments of microcomputer operations.

Still more projects are in the idea stages at Menlo Park: Iirent -a-computer

(to use at ‘home), rent-a-computerkid (to teach you. ‘how), tours of computing

facilities, neighbor} >od computer clubs, show and tell meetings, video

games contests programmable vehicle rodeos and a mentor program to find

computer professmnals who will’ work with those whose grasp of . ‘computers
_becomes advanced. . ‘

: Thére are no specific requirements for ComputerTown activities. They
- grow and develop ‘according to-commmity need and mtereste <

“Where 1s a 'Iyp1ca1 ComputerTown Located? e
A ComputerTown can be most anywhere. It is an mfo;ﬁal 1earn1n‘s -
env1ronment with all the variation’ that entails.

In one commmity, Oomputel’l‘own may be a common interest shared by
. independent people and groups who decide to make computers available for
public use. Another ComputerTown could be a formal orgamzatlon which
‘has officers, a well-defined program of activities; a place of business
and. equlpnent Some ComputerTowns are located at 11brar1es Trecreation
‘centers, or other public facilities. Others may promote computer literacy'
with the support of private groups, computer stores, computer hobbylst
clubs, or schools and colleges. . -

/

Someone sets up a computer where people can learn through hands-on.
: expenence and suddenly you have a ComputerTown. ‘

Are 'I‘here Any CanputerTowns Vet?

~Quite a few exist already, and the list continues to grow. C Computer-
Town, Menlo Park, located in the public Iibrary, has been | promoting g computer
11teracy since 1979 There. are now over 50- ComputerTown sites througho; &
the U.S., and over 30 sites in the United Kingdom. By the end of 1982,
- the pro;;ect -expects to have at least 100 des1gnated affiliate s1tes w1th1n -
the ‘U.S. alone. , . :




&

. called ComputerTown, UK, puts it this way':.

; - : : :
H 1

* Why D6 We Need ‘ComputerTowns? . . -

|
— . < ; : - f )
Dave Tebbutt, who helped develoo the British ComputerTown netyork,
, - _
\ ""We need a wide acceptarice and familiarity with computers among the
opulation at lar,s. ComputerTown provides a ‘canpletfbl)g, non-thxeatexiiing, :
and fun. way of bringing this about._. In the future; our Children will be-

~thinking in ways that we can't even ‘efivision at the moment. The, computer

is. providing them with an ingpllectusi tool that theycan drive. and control o
to'achieve mental -feats which we would_probably. consider.-absurd——if-we - S e
knew what -they were likely to be! OQur approach to G&nputerTowrf is intended :
to create ‘an envirorment in which this can happen."' R

.. - . - 1 - ~_‘i‘
A - . Sumary S T TR
\ What is next with ComputerTown? The local Menld Park sites iﬁi:fltidé' T, »wg'{ ”
the public libraryg, a senior citizen's center., aneighbdrhdod;youth,f club, e ot
and a children's museum. The project's local Teacher Corps is conducting IR
over 20 classes and workshops during the summer iseason.’ The ComputerTown Ce
consulting staff is pursuing a mmber -of projects within the publi¢ and . - .
Private sectors. Several large commumity events afe- being scheduled for the, -
fall and winter, including a Learning Conference and a cotple of "Computer- - .
Town Meetings.'', Each "meeting' will be open to about 1,000 commmity residents, - = :
providing them a forum to ask questions and learn -about microé;m%pg't'ers‘. s

-

e mme

. >"Do-n't Bother Me, I'm Learning: Part 2." Several staff menbers/are involved e

THe"Computer Towil News “Bulletin contimues to be published every two .
months and, ,based on our membership drive, could.be éxpanded in both size . -

and frequency. A CamputerTown book series has been negotiated with a major U
publisher with begimnef's microcompiter books forming the body of the pub- LT
lished materials. . The project's implefentation package will be one of the. .
first books to be completéd. - oI CTS

i
i

The project will be \\‘f’eatured on an UF;:Z_oming, PBS video “docmiéntary ¢alled
“in a TV pilot _program for cable broadcast. ' |

In addition, the project staff will be monitoring the progress of 1
several test sites in.the Western U.S. , and evaluating potential sites on s -
the East coast.” Under the NSF grant, a. set of "officidl" sites are ‘being
followed as they begin to use the implementation package to.creaté théir own ¢ . ——

versions of the ComputerTown project. The key site in the West, is-the ™~ |
Community Resource Center at Wenatchee Valley Gol-lege-,fWénat;hee’ WA, .

” = 2 . “/-_—’“
M1 of the activities listed above.are based.in Menlo-Park, Across _ .
the country and around the world, the dozens of ComputerTown affiliates ate
initiating their own projects, consistent with the needs of the copmmities.
and their,locally. available resources.. Each ComputerTown site is unique; .
each creates its. own expression of providing its commmity with access to
technology. Each site develops and gfows because a small number of communi ty~--
based, dedicated people decide they want a ComputerTown”in théir area.

v
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B Lo . . - 4 “"1
. ComputerTown has evolved from an idéa being tried in a small Qaliiforni;a/ L
commmity to an internationdl, grassroots, voluntéer project of i.mprgsﬁe ' ‘ :
. scope. ComputerTown, the storefront learning centers, and the museum. 3 L
theme .park experiments represent new-models for providing ‘the public with ,{
-information about and access to technology. They are part of the. future,
happening right now, in your neighborhoods. , . .7
) * kok ko K Kk ok kR Rk R K Rk ok kT W ok ok ko Kk kK //

- . . y

v . . - ¢ ) . R 4 ’
ComputerTown; USA! - A computer literacy Projvec,t of People's Computer
Company, a non-profit educational Corporation, P.O. Box E, ‘Menlo Park, CA :

. 04025. This material is based upon work supported by the National Scir..ce ‘
Foundation under Grant; No., SED8015964. Any opinions, findings; and Con-
clusions-or recamendations expréssed in this publication are ‘those of the ~

- authors-and. do not necessarily reflect the views of the National Science -

_ Foundation. . - : ) -
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 COMPUTER-ASSISTED LEARNING: A LEARNER-DRIVEN MODEL

ED219863

‘Karen Billings  , ~ o

) ~ Teachers Callege - > - ;

P o o Columbia University: .o ]
1

. Név York, New York | f
| I '

1

'iéln-this past year, édué@toxs in every ﬁchoLlrdistrict in thé
country either accidentally or purpposely had to think :about CQmpg%ef
useg. At one time o,zjtangt);'ef~r they probadbly ended up in at Teast! .
one-oi«moré‘pf the following situations: . .

I
I
. : ! / . f
* Hearing their students tahk‘gbout/the "best™ microcomputer or
‘the most challenging vide? game. / {7
* Reading cover storiesfqbo§t computer use in Time, Newsweek or,
‘their own':pprofessional journal. ‘ !
* Seéihg hardware: and softy@revadvertisemggts in their local news-
paper or a textbook publishstr's catalog. _ ’ |
= ‘ ) f
hf Attgnd&mg inservi@é*ge531Qns about computer use or conieneﬁce@
with microcomputer. themes.| e <
'f’“‘n;'*v T = N . "‘ N a _ . E_
‘*‘GﬁfngAto computer stores to see what was available or to other
schools to observe té;bhery'ﬁho-iefe using computers.
» Conytncing‘their:departmeﬁ% hea¢§,gpninpipals or PTA's to buyi
. one or more-migrocbmputéngzﬂor their school. . ‘
- i . . |
»

‘Rgadrnnghg-Computfng Teacﬁer, Electronic Learning, or Classroom
- Computer News for software reviews and teaching hints.

&

Reviewing, purchasing and cgtalbéing,éoftware, then showing it
to other teachers. " “

©

Trying‘new'teaghing techniq?eg with computers, developing new
computer literacy courses og writing computer curriculum guides.

N \
Buying their dwn«ﬁicrOcompu&ersm learning how %o program and _

then writing or-revising s6fﬁ¥qre for their classes.

3
™~ .y A

Many of these educators, ‘though exhausted at the+.end of this
rast school year, are still excited about the changes they are slowly
causing in their schools. _The stnd?nts have had a chance to interact
with computetrs, even if for a short period of time;, énd to try some

of the different modes of computer-assisted learning
) ) . . v

) These‘modea,pf‘comfgter-aséisteq learning cgﬁ be portrayed in
.several g%ﬂ(epentAcomputing environments. Picture a g?mputer

Nl
LN H
N 1




regource room with 15 microcomputers or computer terminals. There
is one student -at each work, station, concentrat1ng on drill and
practice questions: that appear on the computer screen. Picture

the classroom next door which has two microcomputers for the 30 5
students. In this room most of the students are working at their
desks but several groups of students are huddled” arcund the two .
microcomputers, running ,.or de-bugging some programs they have written.
A half hour later, some of the groups switch places so that more of the

students get a turn at the. computer. $;

There is nothing "better" about either of these two comp tf/g4/
environments. Each has different but worthwhile goals for-today's
schools. Each environment has activities with the potential to
assist learners with what they need or want to know.

, The difference in the two different environments is in the amount

of control that ‘the student has while at the computer. In other words,’

.is the computer‘activity one that is hardware/software driven 6. is T
it learner dr1ven9 . E . :

[y

i

» " What Are Some Learner-Driven Models? |

Arfhough=computer'actixities rarely fit one model or the other, —

we can give a general aescription of computer-assisted learning 4
models that are learner-driven. Generally they enable the student to -
use a computer a8 an object for thinking, problem sélving or expressing

eas. The computer is not just & vehicle for ‘delivering instruction
,b it instead a tool for exploration. Students use the computer for - .
a sistance in building semething, which can be a program they vant to ™ |
write, @ world they want to simulate or a term paper they want to word ’
priocess. ‘What folIOVs are some examples of comphting activ ties that
illustrate the concept of 1earner-dr1ven. - .

-, . -
Programming L, - o

.

Programming a’ computer is‘probably the most learner-driven
of all computing activities. As the Tearner writes step-by- step
instrictions for the computer to follow he or she is in, complete
control of the machine.

A student can ask the computer;to print & name on the screen
10 times, to generate random numbers, to play music or to make a
line drawing. When the computer actually does what the student
#wanted it to do, it's an exciting and«rewarding experience. The
process is somewhat like building a model roéket and see1ng it
launch successfully. . *1

i

Programming has been offered for many years as an elective )
course in. the high schodl or :as .part of =a mathematics course ¢ //
that 1ncorporates computing. However, as har&ware accessibility .
grows, there is & trend to prGvide more programming experiences )
to students at both elementary and secondary levels. The goal o
of these programming experiences in schools in mnot so much to o
train students to become programmers, but instead to teach them .
to communicate with a computer. Programming teachers can assume// '

4:? . 36 zﬁff%/
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te,

. ’ /
N . ‘that their students will use prcgfam\ ng tools to solve problems .
. later on, just as mathematics teachets now assume Ithat most of

their students will not becomg ma; ematiciansvbut jinstead use
9-t0 solve problegms.

their mathemp%icai skills as ﬁbw’”

!

-

e " Dhe Procéss o programming gives ‘the éfudeht a hew»way to

thihk and eipresi ideas. It can also be hard work that iequires
sustaingd effort/ and anm abilify to withstand a great deal of
. frustration. But somehow thdt effort seems worth/ it to the
7 " students. Th¢ir programs bécome intellectual products that they
_ : can share with their-claizmateSvand friends.. Students gifted in
sports or muysic have visi le, respected products [in basketball
shots or izzirumental :yio performarices.. The loJical thinking
student now has a prodyct that his or her péers value. Whether
‘ students‘é}eate an' argdade~1like game or a practice exercise in
' i Fregch, the students/are creating interesting ani profitable
‘products.....

more on the prog€ss than on the actual Ttesult. hey spend more
time de;buggvn and enhancing the program than they ever did
. writing the driginal code. But a Program that doesn't run the
- way théy want it to is mnot a case of being wrong -~ they instead

view fixing/ the program as. a puzzle to solve.’

Students%whé‘program ex.perience a situation Ehat focuseé much

‘ Althoﬁgh BASIC is still the most common computer language
Ak ~in ‘the chools, néwer languages, such as Logo and Fascal are
. becomirg avaiflable to students. ‘The recent interest ih Logo,

- especially at théﬁélimbnta@ydgxagg‘1eve1,Agives us some indication
of the kind off computing ‘°environments that will become more common
in/the‘futgggL Logo was developed over a ten Yyear petiod under -
the directior?¢of Seymour Papert. -~

2o'f Seym An-the Artificial Intelligence
i/ﬁ&b&rétofy at MIT. This language allows the learner to teach the
computer "to do new .things by creating procedures.-for -each. of the * .
7—paerts of the task. Students use common expressions.like "forward",
//, "back"” and "right turn" to direct.a robot_turtle around on the .~
A screen to- create exciting graphic designs. To get the turtleto
/ carry out certain tasks, Some children may "play-turtle” and step,
/ through the process to figure .out the needed commands. -‘Using
/ "turtle geometry" -6n a computer gives an immediatle and” concrete
// output on the screen and thus concretizes the prpgeSs of programming.

-

Teaching the computer to do .a task fdro&a'thi student to
describe the task in a clear, concise way. However, these task
descriptions can be giyen in very individualistic 'and personal
ways by the student. The computing "activity that Lllows a student
to structure information in a systematic vay and to creatively
combine the different pieces of informaticn is indeed a learner-
driven activity. ‘ |

. . 4

Word Processing

1

-

. ' The-computer can be as much a writing tool as it\can be a 7,
calculating to6l. JIn fact, more and more students are -discovering
the tools in word processing and using them,to write their stories,

7




book reports or term papers. 7 -

With the help of a text editing program, students can éhter in ‘
words, sentences and paragraphs, revise them, store them -and retrleve °
_them as neededt, They must decide what words to put on the screen and
how much to say; The computer doesn't do the writing for them. It
.s1mp1y saves/tyem from retyplng some of the words, sentences ‘oT pages
during the Tevision stages. .

Researchers such as Daiute have found that after students have
become familiar with the keyboard, they find writing on the computer
easier that writing by hand and that they do more of it. They also
make more changes in their text .and learn to make more mean1ngfu1
types of revisions. ° .

As the quantity and quallty of the word processing .oftware ,
'grows, it w111 become easier and easier do enter text into a computer
and to revise it. The writing task, which may be rainful and lonely;
may be thought of differently when the task can be done much more
efficiently. The computer as a flexible note pad during- the compo-
~-8ition stage ehables the student's research notes, free-writing and
.outlines tO/be expanded into drafts, then revised for the final t@nt

. There are a%&o programs that serve as. t6ols for -revision.
Automatic text aQalysis software searches for- :gpecific words or_
patterns in the stident’ s draft. For example, it may count and-’
average the numbe| f words per sentence for the student who later )
uses the information 'to decide whether or not the sentences arz too .
long.s Error ldentlflcation programs mark spelling and sometimes
punctuation érrors in a draft. For example, the computer compares
each of the words in the draft to a list of words stored as a dic-
‘tionary in the computer. The computer doesn't tell the student that
the word organisatlon is spelled wrong. It simply highlights it

and relies on the student to accept it as spelled or to change it

to its cdrrect spelling.

So- although the learner will have more and more tools available
in the future -and may be able to create a written product more -
efficiently the decision about what to say, and how to- say it, still
.rests with the learner.

Using Message Systems . ' < . .

Our postal and telephone systems are usually cohvenient models
for communicating with other people. New"mlcrocomputer owners
do not just use their machines  to write programs, word process,
do practice exercises or “play video games. They quickly discover
hovw to get their hardware to communicate with :other microcomputers
or to a much larger, central computer system. And so the computer,
vith the help of phone lines, a modem and software, becomes another
communication tool for students.
on ‘one of these two forms: .

The communication links avallable to students presentliitake
1) a direct link from computer to computer as in a TALK or

g5 B



A AA e s R W rh g aE meme o« e e wemmvew 2 mmeen i cw o amee . P

CHAT mode. Whatever thé first student types into the
computer not only shows on his or Her screen or paper, but
it is also displayed on the second student’'s computer at the
same time. The first student may ask a question and the L
second student may respond. This eléctronic conversation 1
" is somewhat like -the telephone 8ystem -but instead -of violce -
transmission, it is text that is sent.back ‘and forth over |
the wires: ) ) . ©
2) a mail system that allows a ‘student to send mail to andther ’
studént via a central computer or phone lines. The letier |
i8 typed by one student and sent electronically ‘to theiofheﬁu
When this student next works at the computer, he or she is/
‘told that there is a message waiting to be read. Lo
- — : ~ o /
, Imaginé\;\glaésfin one state having computer pen pals in :
another state. .Electronic message systems can help those students
-explore other ge& raphic regions. Besides sharing information
" about each other, hey can share computer programs that they have
written. This cooperative sharing of information is indeed cldger
to what many people cbhqider an important process in education.’
. Producing.Artistic Work . - - - - C e /" '
‘The sound and graphics capabilities of the microcomputer’ |
make it a useful tool for artié%ic production. Peripherals,
such. as electronic keyboards and speakers, along with the
appropriateé software, enable a studegt to create new musical .
‘sounds or recreate the trgditional'SGdes of the ong&n3~pian9
or -any_other instrument. - - ’ /
- The pitch, toﬁe~and volume of a musicgi\gotencan be numer-
dcally represénted by data that can be 8tored in -a computers
"Through & program théy have written or with specé¢ial softwave,
students.can access and change these.numbers. When they ask
the computer to play the revised sequence, they can hear their
‘newly created sounds. B ' /
) "‘Peripherals éuch-as~graphigs tablets allow :gtudents tb-dréw
a picture on the flat drawing board with a pen. fThis picture
also shows up on the display screen of the micrOCOmpu¢ér} After
the picture has been drawn or traced onto the board, the components
of the picture, such as the lines, shading or éolér, can then
- be revised, saved or later transferred to paper.

Students can also create animation effects by moving graphics
characters around on thé screen. Using the keyboard as input, ‘the
students can create Yline drawings: or specially formed .characters
by writing a progranm 6r\using sbf%iare designed .to do that. Once
these images are created, they can be controlled by the appropriate
commands from the learner.. '

. The computer makes no Judgements about the qugli%y of the
artistic work that the student .produces. It simply enables the
student to create the new sounds of shapes and serves as the
medium for that exploration and product. '

o ' , | 39
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" “Manipulating Data Bases. . a

" In the” f1rst'1nstance, chlldren can gradually store their new

apd run a search of these data bases. They may have to give several

helps the learner sée that writing dis a process of discovery, of

\ments that are otherwise too expensive, complex, remoie or danger-
ous to -experience ih reality. Simulations give studenzzxa chance

Kability/to hunt and the anount of money need@d for food.

To d, most students will want to try again and see if they can't’

Students can use ‘the computer.as a tool to create their own
"data bases" or to access the larger datd pases created by others:

words 1n a ggmputer“flle for later wuse. These words can become

a thesaurus or dictionary for the learner, depending on how he

or she decides to organize and,use it. A class could also- .
develop a file of definitions, examples, descr1ptlons, or stories.
This collectlve data basc can be used by any of the students as

material for a report or other ‘writing proJect.

There are more soph1st1cated computer systems where larger
amounts of data, such ag the contents of journals or newspapers,
are stored. Students who mant to do research on a specific topice
can use their computer to'link fnto one _of these computer systems

descriptors for ‘the topic, _request ckrtain sources and specific

time frames for the search’ befope they get a 11st1ng of all the

relevant articles. . . ’
Again the learner-drlven model is exemplified because

the student is deciding on the topic to explore, the placesfto

search for information, and how mucéh of the retrieved information

to. actually incorporate into a report.  In this case the computer

researching, and comblnlng information into a meaningful whole
product. . .

/
‘
/

/ ’ i
7
/

Computer simulations allow the learner to experience environ-

Uslng Slmulations

to explore or create situations where they can discoVer Ahe
relationship among the different variables and the extent to whlch,
these variables affect the final result.’ L,,,fw*’ -

/ — Ty
/
/

i There is a popular slmulatdon called "Oregon Trail", also called
"Trail West" and a number of other titles. The gtudent who uses
this s1mulati n tries, with the assistance of a wagon and horses,

make a trip west across the United States -as/in the pioneer days.
Tﬁe student makes decisions about the amount of’money to be spent
on various, items, and basically tries to stay allve during the
course of ‘the travel. In experimenting with different amounts of
money, tne student ‘soon sees relationships” between the amoun% of
money spént on food and the possibility of starving or between the

Sﬁ/dents become actively involved in the process because their
decigions. are producing immedlate and viable results If they )
are t01d in the end of the "Oregon Trail". that they have starved .

death before arriving in Oregon because there- wasn't enough .
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. many schools because severa

‘\\ oot ) ) / /
make the»iAr”destinatio‘n alive.,

When students actually control the process, whether it be a
trmp to Oregon, a chemistry experiment or pollutlon of a lake,
they may understand the process better. The ability to speed uj
‘the process may allow for more examples- and assist the learner
‘in forming generallzatlons. Slowing downh a process may enable - \\
the learner to understand a specific instance of the process.
Some thlngs in real life happen too quickly for the student to
be. able to see the process. Simulations provide the students
wi:th opportunlty to see.

T e . et e
T——— Ey .= -

layrng~Computer Games .

z

There are many strategy games that enable students to use
problem solving techniques or their logical th1nk1ng skills.

|Students may opt to play games like "Mastermind" or 'Bagels

either competlng agalnst the computer or a classmate.

¢+ While computer games may range from those that teach tradi-
tional-content to those that are for pure entertainment, ‘there

are aspects of the popular ones that make them exc1t1ng to learners.
Halone s study of the intrinsic motivation of computer games _helps
us delineate what those 1ntrlgu1ng characteristics are for students.
He found that there needs to be 1) a challeng;ng but personally
méaningful goal, 2) a fantasy environment where players use their
skills to get 1Avolved in a real 1ife (baseball)’ game or not so

real life (spa¢e war) process and %) and a curiosity about an .
environment where the players can do increasingly complex but
possible tasks. -

Adventure games can be intriguing for learnerss They can
imagine that they are exploring an enchanted land or uncovering

* the secrets of an ancient civilization. In adventure games, the

student encounters a numbér of decision points. ‘At each of tlhese , .
points ‘the computer indicates to the~student where he or she is
lkocated, the wvisible items, and the directions in which he or she
can move. The student responds with something like a two-word
sentence, which is typically an action vérb followed by a noun or
direction such as N-rth or South. As the student carries on a
--conversation with the computer, he or she moves around in the °
environment exploring tﬂe setting. In order to do that, %he
student may draw phys1cal or mental maps of the env1ronment or
enlist the ¢ooperation of classmates who are also playing the

same game.

+

How Are Learner-DriwentModels DeMeIOped?

”

.The learner-driven moder Just described are taking place in
groups of people have agssisted in

‘making it happen. First, soméone developed the idea for a sim-
uwlation, adventure game, communication system Or a new language“
Then others wrote code and documentation to get the language or
software into a format suitable for users. After the ideas or
the actual software was produced, educators figured out a wdy
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to make use 6f them in their»clessroom.

Implementers
The educators must be the implementers of the learner-driven .
models. They have to actually help ' create the computing envir-
onment that they want, both ghllosophlcally and phys;cally. They
, need to select the approprla e hardware, languages and software.
Then they need . to develop or select the ‘computing activities for
the learners, factoring in their own instructional styles, their
students' learning needs, the capacdities of the computlng equ1pment
as well as funding and time restrictions.

i - -

Problems Involved
Educatnars need 8331stance in building learner-driven models, as
well as developing other' computing envinénments. There has been a
lack of available resources for teachers to use.’ Only a very few
schools of education in the countrm have created well-designed
programs that prepare teachers to effectively use computers.
Teachers also need print resources and examples of interesting
worthwhile problems for students to .s6lve. And so they go to
conferences, read computing and educatlon magazines and share
ideas with each other. :

\ What Are the Some Effects of Using Learner—Driven Models?

N Even if we wanted to, it would be difficult to quant1tat1vely .
measure the effects of learner-driven models: Although people in
educatlon argue more process- oriented .activities in schools, we, need
to \pcept these activities as opportun1t1es for students and be less
concerned with the traditional measures for success.

Teachers and researchers have seen some interesting changes in
the schools as a result of the new computing environments. Teachers
are assum%nghnew roles in reélationship to each other and to their
students. ose=w1111ng to use computers in their classroom are
being called "teacher technologist". Those. willing to share infor-
mation and ideas about computer use become computer resource teachers.
/ For most teachers, it means moving from a comfortable instinctive
’ mode of operating to a new unfamiliar mode “of teaching. - »

v Students who use and learn about computers in their classes ask

° more questions than 4in the traditional classroom. Teachers who are
used to having students respond to their questlons are now faced
with not only more questions from students but more challenging’ ones. .
Student experts are emerging in the educational environments. When
they can't get their questions answered by the teacher or the compute%
they ask their classmates, then computer store personnel.

v

Conclusion

The new cbmputlng environments are exciting and challenging for
developers, publishers, teachers and the studens. But for educators .

to make 1nslghtful use of computers, we need to understand tnj/ex@ent )

AN .
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to which learners can have ridh .and rewarding experiences with thenm.

‘'The 'computer that permits the kearher to problem solve on a very personal,

"-level will be the tool for which,we will only find more and more uses.

) :’(rew students exercise any d@g ee of control over films, books, .
workbooks, television programs ‘or §ther instructional aids :that they

- -use in school. For some students, xeading & book ‘or watghing.a film

may be as active an involvement as uging a computer program. .Those -

- with the opportunity to write books o¥r produce films may find those
proces3ses more exciting than computer)\programming. But there are
very few students who will ever have the opportunity to us¥& the )
equipment necrssary to create books and films. These same students
will however, have the opportunity to use a computer as .a téqyyxo '
build something, whether it -is—a- program ‘they want—to write, a_world
they want to simulate, or 'a term paper that they want to word process.

The educational computing environments will be even more exciting
and rewarding if our students can take real advantage of the full
range of computing experiences. When these experiences ar$ very active
ones, where students are in control of the computers, we will make the
best use of both the potential of the machines and the potential of the
learners. Educators are the ones who must .make computing environments
with these'learner-driven activities happen as as soon as possible.
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"YALUE CONELICTS IN NEW COMPUTING DEVELOPMENTS:
WITH: SPECIAL ATTENTION TO COMPUTERS AND: SCHOOLING

Rob Kling-'
- University of California, Irvine

Introduction .

. Computer-based technologies. .are powerful and their use is
increasingly widespread. Long distance telephone calls are

- :routed with computerized switches. Airline reservations are

recorded on centralized data systems which allow flexible
thiﬁﬁés*df“TjTﬁﬁt‘5liﬁ§~m1d-fﬁ1b1"Th6ﬁ511as&gnd:chétks we re-
ceive from businesses and government agencies are frequently
generated by computers, as are dunning notices, ‘personalized
form letters, -and mass mailings. These -are only a few of many.
‘possible examples; the use of computers ‘has become pervasive
and as much & common part of our lives as automobiles, -tele-
phones., typewriters, televisions, rqdlos. airplanes, and plas-

t1c§.‘

It is genéraljy reéoghizgd fhéf as people have adopted

“technological innovations ‘such .as automobiles or electricity,

they have significant]y.changedithe ways th2y spend. their time,
the people with whom they frequently interact, and other important
aspects of their social worlds. Unfortunately, dévelopers and

-promoters of new. computing modalities ‘have tended to characterize

computing applications as intellectual tools rather than instruy-

ments-of -purposive social action (for ‘example, Pappert, 1979,

1980). They have also tended to focus on -relatively easily

specified technical attributes and»hnticipated-igsts and benefits
4

" rather than organizational settings, As a resul§, social impacts:

of .new computer-based technologies are frequently overlooked and
often poorly understood. - ‘) - :
Developing an understanding of the impacts that computers
have -on our ‘lives, and what choices we have in using them, is
important to all of us--but particularly important to ‘educators.
Each of us interacts with computers on a-routine basis in our
personal lives. Professionally, educators are ‘also finding
computers playing increasingly. important roles in the admini-
stration of their classes, in thetr own continuing education

efforts, and in their curricula. To the extent they are able

to identify the impacts of various computer applications, they

-can better understand how to turn computer use to serve their

1ntenests,ind'the!r Students. Perhaps: more important, to the
extent they are able to communicate an understanding of the
broader implications of computing to. students, they will be
helping to develop a public who will themselves make better
informed choices about their engagements with. computing.

Computing 1s,'of'c6urse, not a simple, well contained tech-
nology--it is a technically and socially complex medium which

P
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haslbeenuadqpted4fom3géh awi

1zations are difficult (Kiing, 1980).

‘%

de array of

‘ This paper does not at.
tempt ‘to frame a definitiyg;moqe]~of=the:impactS—of éomputjngu\\\\\

that will apply to all comput

.. tional~settings, Rather, it m ) .
and’ suggests Some. alternative; more

conceptualizing computing,

er applications, or all organiza

identifies some-.common ways of

uses that shqnp:genera1= -

socially cognizant perspectives.
used to examine Spme computing .dev

These perspectives/ are then
elopments with which most of

us are familiar. In doing so, we hope. to- demonstrate. the impor-
tance of broadening. the-scope of organizational and societal
factors-consideréd whe the impacts of computerizéd applications
are examined, S ' :

Pérgdnaf"Kﬁbwlédééiqf*ébﬁpuiihg:ﬂ

E

As-our- first step, let's examine. how we know about compu-
ting developments through our own interactions, A1l of us
interact with computer-based tecﬁnoiogieq_1nf0Unfdaily lives,

in our -encounters with computerized billing systems, airline
reservations, and -the IRS. If we participate in a computing o
world, we may also use computerizedZSystems,toranalyzg data, -
- -prepare text, play games, or even just ‘hack around. in writing -
programs, From these personal encodnters,,gmp]dftéd‘bx“g hap=
ﬁhqzkrd collection qf'news.Storigsﬁand?goss1p, we form concrete
1ﬁbrg$sionsvéf-what cgmputgrizgquystgus.aﬁé;good for, -how they .
work, when they foul up, and what interests they serve;

b - Although most of us,1ntera¢t‘u1;h‘c0nputefs,frequently.
few of us can claim direct experience with and knowledge of the
-~ full array of .computing. developments. There are so-imany differ-
- ent modaljties*of‘coabuting.adaptedatﬁ”SO-gany-diffgreht social
worlds that intimate knowledge of the complete “world of com- "
puting® is simply impossible even: for computer experts.

Consider a technologist whoXsdbcijlizéslin elgétﬁqﬁig mail
systems--one of several technologies which comprise office auto-

‘ mation technologies. He nas accumulated very detailed informa- .. _.j‘
fiqp«ahou;;xhich-@a4¢~5ys%ehSrhave—nfce tHttes—for-saving .
» 0ld mail and which don't, and which facilities make it easy to g

delete mail from people you.don't know so that you-aren't over-
< .; loaded with mail, He knows about the: costs for preparing, send-
" 1ing, -and saving messages on various electronic mail systems.
Developing this expertise takes attention and: time. . While he
/ is a specialist in electronic mail, he 1s almost & layman in
understandingAother~;onputer-based-technqlog{es such. as urban
information systems (Danziger, et al., 1982), artifical intel-
ljge?ge, milt;ary command- and control-systems, or EFT (Kling,
The many modes of conputing‘in'current;qse“afe—extnemeljrdi:"
verse, Furthernore.:mqu,couputing technologies are not merely
.. 9adgets built of hardware and software and placed in social
settings, but‘;{e also the focus of‘social»mquments--peoplé
and organizatiohs that believe the modality of computing is

46

33




1 T S e T

- EEE I, »
s -

SN N - R o

e . B o - . -

N - P R

_t - -

s _ - '

N - - « - ‘ ..

3 ] 3 -

%—4 T ~worthwhile, and who promote its development aﬁﬂku$e. These

, . ) —cbmputpr-bdsed; so(‘;ial- ‘movements: include: o

S | ' I.\,Cqﬁputer ASSistéd“Instruéfion _ "' o L

}%ul;ﬁ \\" . , 2. Personal Computing. ) ) ‘

o v ‘ 73. Office Automat#ﬁni(ﬁpffjcp 9F§¥he fufuré"'inc]ﬁding
;egectponjc mail‘anqgteleconfeféncing)f P

%l:- ‘ ,: '_1 — L4, U;ban,InformatioosSystems - o

; .5, Medical Infgrmatfon'Sy;teQS

;' , 6 Simuljtion/G;ﬁing; - A

; o - ‘ 7. Material RequirementS‘Planning e

E ; ”_ ) | _f 8;~ Electronic Funds Traﬁsfeﬁ (EFI)’Systeﬁs _ ‘

9. Artificial Intelligence -

- These computer-based: social movements hardly exhaust the .

different modes which are bejngrdevq]oped:and-implemented_today‘

There 1s no- *automated payroll movement," but thousands of

oiganjzations,h§ve=autbmat¢d~their)payholn preparation. Other

-2 _modes of computer use, such as-complex statistical-analyses tn

“$thg”sdgjgl>sctgnces¢pnenu¢gp1cg}fqnalysiséJnttheﬂphysical

"sciepces, are simply part of larger scientific .movements ‘which

~ -emphas¥re—quantification of some research strategy which is ]
dependent Upon‘cdmputiqg;uﬁen the number of samples-and vari=
-ables become large, Even the simplest labels, such as "personal -

:
computing” or “medical‘information.systems," allude to whole ’(
\

- families of computer applications. Each of these families; in
- ~ turn, may have many specialized variants in use in many differ-
' ent onganizat{ons or social settings. ‘ .

‘Stdnyljnes - " ‘ G
- One-way. to make sense .of this bewildering array -of compu- }
: ~ terized technologies is to adopt a simple “storyline" .about ¥
/ computing, which renders order to this chaos. Three common - , 1
f 'storylines are: - - : - ’ "
1. The cavalcade of progress. “Computers -enable people d
to ‘communicate and compute gn ways heretofore impossible. “They
increase people's efficiency, while reducing the costs associ-
ated with people's execution of particular tasks" (see, for
i , éxample,,Ev§ns. 1979);\\ o :
- - - | - . ' N .
E 'l\..'. - N , . v Y ) ‘*. j, ) o
f ' % ) ‘- - . -‘: ) - @
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2. ‘Technology is -dehumanizing and .out-of-control.
“Computerized applications foster the depersonalization of?
services, bring with them new-problems. and: inéfficiencies, and
are exploited by managers to. control, -deskill, or e]iminate
workers Jobs"-(see for examp]e Braverman 1976) :

3. Technology is neutra]. Technologies do not have a
politics they can-be used for good or 111, "If the "interes-
ting" versions are used "properly," then they-can -énhance the
-quality of 1ife in_the societies that use them. Muck depends
upon‘ what ‘society ™ “decides" to do with new»techno]ogies. -

These simplified storylines underiie many accounts of ‘com-
puting. Jhey he]p simpVify the buzzing confusion., Nhether we
favor one -or another of -these storylines,. they all are simple.
to comprehend They: are: also context- free--they can be applied

_to almost any computerized (or other) technology. ‘Even if you.
"don‘t. .understand \hoy - ‘computers work, -you can make sense of

these themes.. .Each- may carry a grain of truth, but the truth
of each is neither-pﬁeuen nor disproven—by-the examp]es usually
profferéd. = Each-storyline carries moral weight with an implicit
value stance’ about what is good or- bad for people. (Kling,

- 1978). |

. The primary ‘virtue of such storylines. is cognitive simpli-
city; none of us has the time to study ‘each computer application:
we encountér in order to evaluate its. merits and- dilemmas.

These story]ines 1mpiicit1y«make two assumptions!

- computerized applications are independent forces which
] "arrive"“in an organization and then'must be reacted to

"~ - computerized app]ications are value-free instruments with

a* uniform set-of impacts which:can be identified without refer-.
ence to the groups that use them, or'the organizational settings

-in which they are used. s )

. Each of these’ assumptions ne beiieve introduces some sig-
~‘'nificant biases tnto many examinations of the impact -of compu-
terized applications: (K]ing, 1982). In the following- sectjons,
we: examine some-specifit- storylines and+ these related assump-
tions in more detai] -

%

Computers as Causa] Instruments
The word ”computer" is. often the subject -of -direct assertions
-about important social actions. We hear that "computers increase
“ productivity," "computers dehumanize jobs.," "computers make-learn-"
ing exciting,"” "computers improve- deciston=making," and that "com-
- puters are revolutionizing American sqciety." ..Atbest, these are
- shorthand codings for extremely Complex sets of events. . Computers

are.not active independent forces, but ‘are instrumenta]ities which

' have consequences under special and rather complex conditions.

5, - B N
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" s kept up-to-date by clerical staff, and policies fOr‘having\

‘Consider the—exapp]e of price scanners’in supermarkets.
In- some cases, the markets® which adopt these- computerized: de-
Vices lay off.clerks.  But this is-.not an abstract issue of
“computers versus jobs" or "computers. eliminating jobs." These
-compact descriptions igngre the role -of powerful actors, the
Supermarket -owners and managers.. ’

% kS

Ve

ice costs .by cargful1y'rép1acing{

Storeowners hbpi;tp,rédu :
. workers-wifh»capﬁtal;équipmbnt, “‘Scanners don't. show. up unex-

pectedly in supermarkets- like crabgrass invading a lawn. Scan-

ners qré~expensivg-and*punposely*p1anted; If you are hit by

a car you don't say “"that's a case of technology versus people.”
You want to know. who was. in the driver's seat, Statements

like “tgchnplbgywversus~people”¥or “computers -cut jobs" imply
that.there's-no- one in the driver's seat. / ‘

The development 5?‘supgrmarket*scanhens involves important
social choices about the organization of work which are ob-
scured.- by emphasizing “"technology" and “jobs" and neglecting
the possible social choices. Supermarket owners can deploy-
scanners atxthezéhéckout\Stands~andrhave checkers -use them with
=0r without abandoning item-pricing. The market owners claim
costs- in order to make -the scanners economically efficient.,

If -that is the -case they could introduce scanners and raise
their -costs, .or wait uUntil scanrers are- cheaper: The -arguments

“ “that- they must abandon item-pricing to save sufficient Tabor

- advanced by -market owners are difficult to evaluate because

good -data about the costs and. pay offs/of scanners are scarce.
This example. al:so illustrates a common role played by com-
puterized technologies as catalysts of social conflict. Market
owners are-said to be seeking ways to reduce costs. _Possibly"
computer systems: provide a useful means, and certain price-mark--
ing jobs. are probably -éliminated- Howe~er, one byproduct of '
eliminating these jobs: is' to-.reduce the job-market for women
and- part-time workers. It -also reduces thé ability of'consumers
to .audit their purchases at the checkstand to be sure they are,
not being overcharged. ' ) ' ’

. In>such cases, it is facile to attribite the outcomes such
as the removal of item..pricing: to “computers.” Computers are
a.critical instrument which enables supermarket owners to CON-
sider the feasibility of both removing. {tem prices and reducing
their direct labor costs. But to neglect .the .role of the super-
market owners or managers misleads. "It leaves no_oné-in the -
driver's seat. ° ‘ o - ’

&

This example also illustrateés another critical aspgctzof

© computing: Most people don't simply interact with computers
-or computer -applications.

We deal with>computer12éd‘sysﬁems
embedded in relatively. gomplex- social ‘orders (Kling, 1982).

In the case of supermarket scariners, a customer deals with the
price-marking:policy'of the store, a dataebase'of’pﬁices which
\ .
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cheekers: rapidly scanning the goods which are managed by the
floor supervisor who can. keep. track of the productivity of each
checker. A pérson who is at the receiving -end of any of the
socially important computer applications<-airline reservations,
computer assisted instruction, long-distance dialing, the IRS
tax.auditing systems, pol-ice wants..and warrants systems--is P
inextricably embedded in the; organizational world which it ,
supports.. Dealing-with .computing entails dealing with the
organizational arrangements ‘which surtound.the*EEthology.

Similarly, if computer applications are introduced to
schools -on- a mass 'scale, they will: be shaped by the organiza-
- tional imperatives of public schooling, First they will be
integrated into curricula and become the subject of courses,.
) syllabi, and regular testing. , Second, -their -deployment will
, ) be -bound up with ‘the political-economy of schooling in general
and: the_internal: economies. of ‘the individua)- schools. Students
in richer schools will fare better than poorer ones; those
_sghpo]s that can attract .a cadre of talented -and inspired teach-
o) ers will offer their students more interesting and varied oppor-
tunities than schools where talent and inspiration marrjed to
instructional computers will be rare.* In these ways computer-
ization is no different than other interesting, but specialized,
\ complex. and- relatively expensive resources,** except that many
people with interesting ideas about -how to use computers for
children insist quite vehemently- that computerized technologies .
have special\proper s as spcial -resources (see especially,

Pappert, 1980). . . PN

s in EFT Developmentst**

AN

) Value Conflic . .
L _ AN . : ; =
i -/ We've seen that_computing déyelppmgn;S‘cannot'be assessed -
¢ in isolation from the -organizations that use them. Our example

also suggested that computers may. catalyze :conflicts between
different groups that axe impacted by ;he?r:yse. To:-examine

~ the latter point in more\detail, we'll examine.another computer-
ized technology -with whighimost of-us are familiar--electronic
funds=transfer (EFT) system§<(K11ng, 1978). . R .

“ o

- - 7 =%
*People with these talents are sti11 uncommon,-and -have good °
occupational opportunities in private industry. _In the_pext

. decade, at least, they will-be difficult to attract to poorer
or more troubled schools. f )

. - . .
T waThe costs of computing are largely' not those of the machinery,

: even thodgh computers and terminals are\relatively scarce in *
most schools: Software, qpecagionar-sup‘o¥t, and related cur- -
‘ricular materials greatly increase the overall costs of mounting

“a rich. computer-based curriculums : ~ :

***This section and the next one dréw upon more extensive analyses
of EFT development -which have been published in Kling .(1978).

!
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/At one extreme, sOmé ana]ysts identify emerging EFT systems -

deposits, They/

EFT systems are composed of -an array of different technol-

ogies which transfer funds electronically between accounts..

They include networks for ;utpmaticallyvclearingachecxs while
debiting and crediting accounts, directly debiting and crediting
individual bank accounts from point-of-sale (POS) terminals in

. retail stores, and prdvﬁdjng:Cash on demand:.24 -hours q_ggxi_w* —_—

EFT systems represent a particularly rich source of illu- L/’/%
strations of value conflicts because they have .now::been in use ¢
for a significant period of time, because ‘their adoption and

" promotion--have involved substantial commitmehts on ‘the part of

the fipancial institutions that ‘use them, and because their
diffusion has affected a broad cross-section -of the public at
large. ConflictingastprylineSrabout.EFT-SyStems are readily

apggren; in both popular and ac;demic literature..

with social progress. .FbrKEXamble, Long claims tpat:

"EFTS is happening because it is a better,wgy; A1l argu-
ments about the sufficiency of the -present-paper system s
are meaningless, Television dfdvnOtAcomg‘aboyt‘bEcguse the
*-radio system was overloaded or was brgékihgjdin, nor did
- radio or the telephone develop because the mail was-about
to collapse. -Neither were these systems built because
the public. was crying for ‘their development, They came
about simply‘becapgg they represented a 'better way' of
communtcation" (Long, 1974).. - : : C
Such. proponents of EFT systems point to fﬁéinﬁgbiiity to
reduce ‘the cost of‘paper processing, reduce petty theft, and
support- convenient add-on services such as. dutomatic payroll e
t/:y;{ket,:ch an-ultimate scenario of a checkless and e
cashless society, in-which integrated EFT systems. transfer money .
1nstantaneouslyVand'efficient]y. ‘While Long's comment was )
writtén‘aiye%;s~ago,'the storyline is..common. oo P

At the other extreme, ﬁany.ahalyitsfanﬁ policy makers have
pointed to major and unresolved social and technical problems

associated with EFT developments.. Maintaining: consumer sover-

eignty in markets within. which EFT services .are .provided, the
development of reliable systems, and the protection -of indivi- .
dual privacy have been among-the. focal issues engendering con-
troversy and debate (Budnitz, 1979; Rule, 1980). In fact, the

diffusion of EFT applicatijons:has not yet delivered anticipated !

benefits fully in many 1nstances;~ahd,,whi]e»EFT~Systems are
widespread, they are for the most part operated without large
scale integration. .

. The .importance of these issues, and the sense one makes of .
them, is inextricably linked to the value orientation of the S
analyst (kling, 1978). At this point, the field.has matured
sufficiently that at least five distinct value orientations, . -
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each resting on its’ own assumptions. about what sociai goods ‘ :
should be maximized, can be identified:

‘Private Enter rise ‘Model: The preeminent considera-
- £ion 1s prof: y- of ‘the EFT systems with the-

. highest social good being the profitabiiity of the ‘
TR » . firms-providing-or utiiizing ‘the systems. Other social .
- - " goods such as -consumers® privacy or the need of the °
e . ~government for -data are secondary' : ;

L

2, Statist Model: The strength and: efficiency of govern-
ment institutions is the highest goal. -Government-
needs. for access to personal data on citizens .and needs
for mechanisms. to-enforce obiigations to the state

_ would -always prevai] over .other considerations:;

3. ,Libertarian Model: The civil Tiberties as specified
By the U.S. BITT of Rights are to be :maximized in any
social choice. Other social purposes such -as profita-
bility or welfare of the state wouid be sacrificed
should they. confiict with the!prerogatives of the
individual.

4. Neo-populist Model: The practices of public agencies
. and private enterprises Should be easily intelligible .
to ordinary citizens and be responsive-to: their needs. ~— &
Societal -1nstitutions -should emphasize serving the - .
ordinary person." _

5. Systems Model: The main .goal is that EFT systems be
technically well organized efficient, reliable, ‘and

) estheticaiiy pieasing. .

In different instdnces, poiicies and developments may sup- )
o port, -conflict with, or be independent of these-models. Each

-* of them, except the Systems model, has -a“large number of sup-

: ) porters and- a long tradition of support within this country.
Thus EFT developments which -afe congruent with any of these'’
positions might be argued to be 'in "the public interest." .

Perceptions«of ‘benefits and problems depend upon one's
- values and commitments.- To. illustrate this point, we'll ‘examine
some of the ‘meanings and  conclusions -each perspective generates.
when brought to ‘bear.on .some specific areas of controversy:
market arrangements, consumer -protection, and the privacy of
.personal financial transactions.

'Market Arrangements

-

»
- ),)A o«

According to advocates of laissez-faire markets the ciass - ‘
interests of consumers and suppliers are best served when goods . K

- .and seryvices are bought and sold under conditions—of—a perfectly
competitive market (a) there are many buyers and sei]ers _none
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dominant, who may easily énter and .exit the market and alter
theihxbu§1ness‘associates; {b)- each party ‘has complete informa-
tion about -a-product or service through its price (all costs
are internalized)(Mansfield, 1975)." According to- the theory,
the long-term interests of all parties are best- served in pers
fectly competitive markets; the }argeSt,numbgr'qf goods will
be produced at tpe lowest overall price; Both :Neo=populist
and'Pnivate'Ehtenprise yaluesswbu{d‘be Jjointly served by these
arrangements, o N

AA$4conditions’1n~a‘particqrar MQrKet*dgpart\fraivthfs

theoretical- ideal, Private Enterprise and Neo-populist values
-may increasingly conflict.. If a market is -dominated by few
suppliers, prices may be too high and ‘the-market-will “ineffi-
‘ciently" ‘produce too Fittle, If all costs are not internalized
in the price of a good,. the market will price it .too low, too
much will be -produced, and the real costs to consumers will be
excessive; Private Enterprise criteria will dominate Neo-popu-
Tist values, (For .example, the price of gasoline doesn't in-
cludé the .cost of cleaning up smog-): .

‘Neospopulisticrifics(pf,Amerigan-entenprjse often equate
size and market power. JAn their eyes large -organizations should
not be trusteéd to act in the interests of ‘broad publics. The
‘Big Three auto makers, "big.oi1", and “big government" all merit
distrust. The -American banking industry with 19,000 -banks of
different kinds and sizes might -appear .highly competitive, How-

" -ever, banking is bighly. concentrated in- 1ocal markets -and
‘nationally. In many cities a handful of banks have the majority
of .accounts. In 1973, the/100: Yargest banks, 0.5% of the banks,
.held 70 percent:of‘thevfupds on/deéposit, Through bank mergers
and.acquisitionsjof*baﬁkhblding“cdmpanies, this industry has.
become more concentrated -during the last déecade. Since banks
are authorized to operate in a given city or state, competition
is -currently focused on local irather than national markets,
which are. also highlnyongéntfqted.’

Some advocates of _EFT services argue that banks should be s
allowed to extend their services via terminal -networks into Hew
markets, Banks have been Timited to operate within only -one
syqiﬁéﬁﬁgywsomesstates prohibit branch banking, although these
Jrimitatidns are .being fought .and’ removed. According to advo-

“-catds.of extended banking servicés, these laws are simply

Carchaic. It should -be possible, in their eyes,~for ‘the resi-
dents of Eugene,‘Oregon‘tophave easy access to the services of
the Chase ‘Manhattan Bank, Citibank, Bank of America, Security

- Pacific, -and the Chemical /Bank of :New York ‘by".allowing them to

- place teller machines in convenient Tocations, like a ‘row of

candy machines, or a cluster of gas stations on the corner of
an intersection. :

. Representatives of smaller banig'and‘consumer groups be-
Tieve that the -expensive EFT costs can be -more easily afforded

bywthe—Targer“banks:"They“fearfthat—EFi%deVéTomentsrwiﬂﬂ- —

-
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further acce]erate the concentration of the banking- industry.
After all, it is more 1ikely-that large ‘banks such as Citibank
or Bank: of America will extend teller machines to: Eugene than
will a small bank such as Laguna Federal Savings and Loan., -

. Those who fear -a further increase in the: concentration of the
banking industry, fanned by .extendéd bank terminal systems,
argue that bank terminals should be mandatorily shared. . In
that way, if Citibank were to place a teller machine in Eugene,
Laguna Federal Savings .and Loan could also offer services. to
-Eugene residents over the same terminai at. & fair fee.*

In these debates, consumer groups utilize Neo-popuiist Cri-
teria. Bankers utilize:both Neo-populist and Private Enterprise
criteria in asserting their preferences.

!
Consumer Convenience and: Proteltion

If a person uses an EFT system, what protections does he -
have if transfers are made without his .authorization, if he
wishes to 'stop. payment, or.simply if there is an _error? What
kind of control does the individual have.over his transactions?
‘What kind of 1iability does he and-the EFT provider have? In
consumer protection, as- in other market issues, the -positions
" taken by various parties seem to hinge in 1arge part on 2 priori
value commitments. ‘People who trust current market structures
or who view the recent.history of reguiation as inimicai ‘to
their own interest or a broader public interest advocate relis
ance upon current market forces to:select. the best services.

In their view, Neo-populist and Private Enterprise values -can
be jointly.served.. Other anaiysts view the American .economy
as increasingly- controlled by several hundred: 1arge corpora-
tions which areusually. protected by the regulatory agencies

- that were originally supposed to oversee -thém. According to

these analysts, reliance upon:current market and regulatory
»arrangements would not serve the ‘broad public.._They -point to
the vigor with which specific industries ‘have fought consumer
.reforms such as truth-in-advertising Taws and the Fair Credit

" Reporting Act. Neopopulist’ advocates have been active, pressing
for laws which 1imit the- financial 1iability -of consumers in
case of errors in EFT systems, limit, 11ability for unauthorized
transfer, and increase consumer control by mandating stop -pay-

ment or reversibie payment mechanisms.

In 1978, the 'U.S: Congress enacted a specia] law, informally
called the EFT Act. (EFTA) which improved the kinds of protections
for consumers using many kinds of EFT services.** It -covers all

*Some - states, such as Iowa have 1egislated’mandatory sharing,
while -other states such as Ca]ifornia and Massachusetts have not.

**Title XX of the Financial Institutions Regu]atory Interest
Rate and Control Act -of 1978, Pub. L. No. 95-630 § 2001, 92
Stat.. 3641 (1978) codified in 15 U.S.C. § 1692. "

- ——— e

54

61,




S

¢ransactions ihitiated‘thnpugh‘é]ectronic terminals (e.g., tele-
phone bi11 payment, automated téller machine, preauthorized debits
and deposits): but not those initiated with papér instruments

(eig.; truncated checking). It mandates ‘that. financial institu-

. tionsfmake,d1§élosures,1n="réad1ﬁy<understandable language"
about the timing of transfers, charges, who. to .notify in event of
unauthorized transfers, etc. It specifies that consumers can

be Tiable for unauthorized transfers, and that their liabilities
rTide on a sliding scale. HgiTe'the Taw is ambiguous, a common
reading suggests that consumers are: absolved of financial -respon-
sibiﬂityv1£lthey,neportAthé§Jbss,or@theft of an EFT card within
two -days, while they jare completely \liable for unauthorized trans-
fers if they wait over 60 days. Between these periods; they can
be Tiable for up to-$500 (Broadman, 1979), The ‘EFTA also speci-
fies some procedures for resolving errors. T

On the other hand, the EFTA does not -enable consumers to
reverse or stop payments,. nor does it prevent employers,
creditors, or -public agencies from requiring that a person wuse
an EFT-based service to transact -business, Also, many of the

* recordkeeping, liability, and error resolution procedures will
work best - for people who- are sophisticated in their financial
dealings; who keep good. paper records; who are especially alert,
-and who are adept at resolving.conflicts with “bureaucratic"
organizations, Those people who- are less "bureaucratically
competent" will probably -have some troubles (Budnitz, 1979).

The EFTA is a‘comprom1§e. It -provides more -protection to
consumers than prijvate enterprise advocates desired, but far
Tess protection than neo-populists advocated that Congress -pro-
vide. As long as. EFT systems. are discretionary, they will. :most
1ikely be used by those who can best cope with them. While
v they promise greater convenience for many routine transactions
= when they work well, they require substantially. more sophisticated
\ © symbolic and reorganizational skills to detect and resolve
- problems when difficulties arise. * o

Privacy of Personal Transactions

, - -In the popular conception,. computers .and concerns about
privacy go hand. in hand. Privacy connotes a complex array of
fssues: what. information shall be collected about a person;.
‘how shall a person know about, complete, or correct a record
(due process); to whom and under what conditions shall ;personal
records ‘be -made available (confidentiality)? A common view. )
treats privacy -as an elementary:social exchange. People who

wish'a service relinquish certain information so that the pro-
vider may make -a sound decision.

While this view embeds privacy-of“bersonalwdatagjnA;he ex-
change -between providers and clients of a service, it misses the -
ways in which much financial data collected by -organizations in
the ]ate“twentieth~centurj\js‘passed off to a wide array of third

+
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parties who in turn use it for a host of purposes which are well
outside the control of thé’origina] client. \

‘ There are many EFT techno]ogies with-subtly different de-
tails. I shall illustrate privacy issues in EFT with. the
example of automated check processing (ACP)* systems agd ‘bank

-records. ‘Any ACP-system -would récord to whom each person- writes
each- check. This nformation; along with the date of the trans-
action, a check identifier, and the amount of transactign would.
appear in. one's local bank record. Record of each payee\is
necessary as a possible. receipt and for the customer to audit
his account, Al1 this information is available now, since each
bank microfilms every check cashed against one of its. accdunt
holders and keeps it on file for six years. ,

4
. Such records are a rich social resource. U.S. Supreme
™ Court Justice Doug]as once noted that: 4

“In a sense a person is defined by the chécks he writés.
By examining them. the--agents get to know his doctors, law-
'yers, creditors, po]itica] allies, social ‘connections; re-
ligious -affiliation, educational interests the papers and
magazines he reads; and $0 on ad infinitum." \
In EFT systems disclosure of information is the primary pri-
vacy ssue. Typically, such data are sought by police and:
grand juries conducting legitimate investigations, and- also
these came agencies acting against their po]itica] enemies,
With manual records the cost of finding out whether a particular
. indtvidual wrote .a check to a particular party or group is pro-
hibitively expensive.. ‘With ACP systenms;,. “they would.be neatly"
filed in machine-readable -form for six years, under the provi-
sions of the Bank/Secrecy Act of 1970 .

e

The array of persona]]y sensitive data which would be more
accessable is compounded in other EFT-related systems. Point-
of-sale networks can be used to track the movements of pariicular
individuals. Credit card or debit card files will :also contain
records of hotels, restaurants, and other persona] activities.

Libertarian criteria emphasize system designs, organiza-
tion practices, and laws which minimize intrusiwgness, maximize
fairness, and maximize the contrfol individuals h&ve over ‘the
content and confidentiality of their records. unless-there are
major, ‘competing concerns. Advocates of Statist and Private
Enterprise positions emphasize the needs that large organiza-
tions have for information, the costs of implementing due -
process procedures, and the infrequency of abuse. o

hY

H
£

*Check truncation a fiocedure in which a paper.check is kept by
- the depository institution ‘or the first bank to receive the check
is an-example of an ACP system. .

;
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In 1978, the U.S. Congress passed the Financial ‘Privacy *
Act of 1978 which extended the individual's rights regarding, .
financial data kept about him by ‘his bank; credit union, or !
similar organjzation.; During the 1970's, there were several
important court cases which reduced the extent to. which a person
‘could have property rights -over records about him (e.qg., control
their release to third: parties). The 1978 Financial Privacy
Act Tegislated such property rights to individuals for their
financial records, These rights are partial, rather than
complete. For example, the Act requires both that a bank inform
its customers of the general conditions’ under which it discloses
information to third parties {e.g., employers, public agencies,
market research firms), and that it inform, a customer if data
about him has been subpoenaed :by- a court, but it does not require.
that the customer be informed whenever data about™ him -has been
released to a third party (OTA, 1982).. Nor does -it -require
public agencies to obtain a court order to obtain. data about a
customer. -Nor-does it limit the period of time that a depository
institution should keep-data aboiit a customer. This law, like
the EFTA, is a compromise between parties with different values.
In addition to advocates of Libertarian and Private Enterprise
values, advocates of Statist values -were major actors in arguing
tha;,pub]jcvagencﬁes_ghqyld_hgve;efféctively,uﬁijited-access
to financial data to. pursue investigations and other mandated
-activities. Nevertheless, in the net, Libertarian values have
suffered somewhat with the development of EFT-based services.

Differing Incentives for EFT Developments ,

By explicitly identifying va]ue'ﬁtances, we've -been able
to .make some sense of the meanings vgribus interest groups have
assigned to particular issues reliated to EFT systems. -Focusing
'on value orientations also sharply illustrates a final important
aspect of computing's social impact. To the extent that value
orientations conflict, it is-impossible to develop policies that '
will optimize all parties' goals and. interests simultaneously.

To understand how conflicts are resolved in the market-
Place, it is important to recognize that even if EFT systems
can foster some form. of social progress, they are costly and
will be developed by organizations with specific incentives.
" While many EFT systems are to ‘be ‘used by the larger public,
they. are selected, fﬁnanced;_and‘deve]oped»byrﬁinancial insti=
tutions, retail firms, -and-public agencies -which- embed them in
their own operations. EFT systems -have been most forcefully
advocatéd_and»deve]opeq by groups -which employ predominantly
Private Enterprise or Statist criteria for social choice. The
following four examples include two that illustrate predominate-
ly Private Enterprise criteria and two that illustrate Statist
Criterja: . /

1. Supermarkets and small ‘business suffer large losses
from bad checks. Computer-based credit authorization
services enable a merchant to djmigish-his losses.

-~
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2. Firms that advertise :by mail often define potential
customers by demographic characteristics. Knowl edge
that a person recently purchaseq a similar service is
a better predictor of the 1ikelihood that he will.pur-
chase a given service than is hi; membership in some
demographically defined group. As financial transac-

. ‘tions ‘become automated the pool bf potential market
. data either for internal use by large retail firms or
for sale by credit card- firms could increase substan-
tially and ‘provide merchants with more effective mail-

i ing Tists.

3. The Federal. Reserve ‘Board (Fed) rocesses about 10 bil-
Tion ¢hecks - .annually for ‘member banks but is prohibit-
ed: from passing its costs back to the banks.. Banks
‘have. .been steadily leaving the Federal Reserve System
‘since World War H. The Fed provides special loans
.and market information in’ exchange for member -banks’
maintaining relatively high reserve funds on -account
without interest in the reserve system.. If the Fed
administered a national EFT infrastructure, it could-
increase ‘the accuracy and timeliness. of its data about.
-transactions in the. ecoriomy. If {automated check pro-
cessing systems :could: Tower the cost of check ‘handling,
the Fed could diminish its overhead. lmproved informa-
tion and- reduced reserve requireqents might entice:
banks to re-enter the:: ‘Federal Reserve System .and
thereby ‘help- increase the Fed's effective control
- .over monetary policy. :

4, By the -end of 11975, more than 32 imil1ion .people were
receiving Social Security benefits. Automating the
transfér of credit to ‘Social Security recipients could

A Save a large fraction. of the costs of- preparing and

. \\\mailing monthly checks. In addition, theft of checks

\fromipost boxes would be eliminated. )

To un rstand computing develdpmentsllike these, it helps to
distinguish ariefits from incentives. An incentive is an ex=

pected good That Tnduces a party to- take action, while a benefit

is any good derived ‘from the action taken. Incentives precede
benefits. It may benefit indf¥iduals to receive fewer -unwanted
advertisements, but the incentives for: developing special-inter-
est mailing lists would bé the decreased costs of advertising-
borne by retailers. Some incentives, particularly those that
emphasize competition for new customers, also promise benefits’
to consumers through convenient- new: services and faster credit
through pre-authorized payments. However, cost-savings to EFT-
using institutions ‘is more problematic. The 1ittle publicly
available data on which to assess the claims for cost savings
indicate that most EFT systems become cost effective only with
very high transaction volumes. The high capital costs of EFT

" 'systems and the high volumes of business which they require

makes consumer acceptance vital.
© 58
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Some incentives are more important than otheé§ to EFT-using
organizations, It is..unlikely ‘that ihdividudl3baﬁks.uould“sa!g
a substantial portion of the cost of paper handling with EFT-
systems. Rather, fear and hope drives many- private organiza-
tions into developing.EFT systems. A firm that devel%pS~EFT
related services may gain new customers; one that delays much

Tonger than its competitors may- lose out. g

‘While-Private Enterprise and Statist criteria encourage
many organizations EP develop specific EFT arrangements, some
- ‘consumer--conveniencé' (a Neo-populist value) may accrue from
them. . However, no one argues that enhancing: Libertarian values
are either a major incentive or a likely consequence of large-
scale EFT developments. “Lastly, advocates of Systems criteria
and consumer convenience, a Neo-populist criterion, may favor
‘more -integrated services (e.g., fewer cards and terminals). -

~ The relatively few incentives offered by EFT developments

for advocates of Libertarian or ‘Neo-populist criteria for EFT

developments -may e underscored by reversing our analysis. EFT
technologies. may help $olve some of the problems faced by pro-
fit-making firms or public agencies in carrying out their acti- -

vities. But advocates of Neo-populist criteria, who stress : g
institutional and tegislative reforms to render large.organiza-

- tions more accountable to ‘the public, are unlikely to view EFT
systems as an important strategic instrument. Similarly, Liber-
tarian:ana]ysts,,who'are concerned about minimizing the intru-
siveness of organizations into people's. private lives, are -

unlikely to consider EFT technologies to be important means

forfpnotecting individual liberties (Rule,‘lgqo). ‘
» .Compqters and Schoo]ing* | L,

EFT systems .are now beginning to appear in many different

cities, but they account for only a tiny fraction of all financial
transfers; computers for instructional purposes are also just

*In this paper I emphasize schooling, rather than education. By
schooling T mean the .rather narrow range of activities that take
place-in schools. By schools, I mean elementary, middle, and

‘high schools, as we know them in the U,S. They may be public or
private, more or less structured, and they are characterized by
-those 'sets of societa) arrangements to require attendance of
specific age groups i teachérfsypervised'q1asses for the study

of graded curricula (Sanchez, 1976: 147). 'If a parent teaches

her children at home according to a curricllum approved by a legal
authority (e.g., local or state board of ‘education), that should:
fall well within this corception of schooling. ."Schooling" is not
the same as “educatjon" or "learning)'. In the United States,-'school
age  children spend about 13% of their .time in required schools
(Fraley, 1981: 6), and perhaps 33% of their time.sleeping. About
54% of their time is not.accounted for by required schooling or
sleép, and doubtless they learn a good- deal during these other héours.

. -, B8
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beginning to become commonﬁISEe in .American. schobls, but only
" .a tiny fraction, of students havé\any extended contact with
them. We are also witnessing the “infancy" of computers in
school instruction. X o *

e -

]

. - A%

There is 1ittle consensus about how computers should be
used and integrated into school curricula. Some argue that
they should be used to teach "computer 1iteracy" (Winkle and
‘Mathews, 1982), -and often ‘tacitly identify “"computer literacy" .

‘with programming. skills- and knowledge about the “workings" of

computers. Others emphasize the special role that computer-based

systems can play as instructional aids, but they vary considerably

in the extent to which they value "routine" strategies such. as.

using computer programs to automate drill and practice in exis-

ting curricula, or whether they find drill .and practice thoroughly
pedestrian. and argue for more progressive, discovery-oriented -

learning in richer, student-driveri computerized -environments

(Bork, 1980; Pappert, 1980). - In addition, several companies have

begun to market courseware for computer systems. The larger

companies, such as the SRA division of IBM emphasize materials ¢
Tike drill and practice which are easily integrated into standard
curricula, and can be -easily purchased by many school boards with
out requiring that the organization of schooling in the United
States be fundamentally altered. Other, smaller companies, such
as Terrapin, Inc., are emphasiizing more intellectually innovative
materials, such as Turtle Geometry (Pappert, 1980). which appear
to he.most gasi]yajh;egrqted‘ihto the organizational style of:

open- cTassrooms., X
i

~ Many of these effOptg are marked by strong-advocacy: and

salesmanship- (Bork, 1980; bappert;_IQBO). Despite the small

and vigorous industry of miny teachers, courseware developers, - :
and marketing specialists, it is difficult to-find .coherent e
dand extended accounts which suggest how different forms of e
Tearning with, through, and about computers fit into a larger "
portrait of schooliing in the United States. 'Most accounts ~
which discuss computer literacy simply indicate that.computer -
use ‘is becoming widespread- in the United States, and assert fff;
that “well educated" -people need to be able to understand or

~ “"cope with" computerized technologies in the larger socjal

order. Most discussions of .computer assisted instruction . R
emphasize the micro-social’ 1earning situation :ng e kind of

intellectual richness or cognitivé skills which“can be enhanced

through the author's favorite style:of .CAI .(See, for_example,.

Taylor, 1980). While many of these accounts are interesting and

suggestive, they do not go- very far toward examining how instruc-

tionally oriented compute:iilz;gghéols will alter schooling,

if at all.* B

. e * - ~ 5
" *For an interesting -éxception, see Mowshowitz's (1976) account
which discusses some of the early CAI experiments in the context
of school reforms in the United States. Also; see Oettinger
and Marks (1969). ‘
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-—be- in-the -United ‘States -is extremely diverse., T suggest that

.VaTue‘Positions-Re]évant,;o~$€h001dng - o -
What does the increasing spread of computers in school .
curricula mean for students, teachers, parents and others”in :
the communitiés which adopt instructibna]«combutﬁhg?,'NiJJ the
kinds of things fhatachildren—leqﬁn,4hL$éhool and: the -ways they
"learn .them, be altered in some fundamental -way? (These "things"
include cognitive and social.skills, as well as a broader -array o
of beliefs about how American society is organized and oné's ° o
place within it.). In-addition, will schooling in the United o
‘States be more equitable or inequitable for children? e
! ‘ . -

Based on our previous discussion of EET.developments, I " CoTe s
do not -believe that these questiions -have specific and predetermined o)
. answers, However, we can gain- important insights into their \'
answers -by developing an. analysis which par&lﬁfls~my<gi§cus$joq:_ /
of -EFT arrangements. First, we should identify the major value S
criteria which educators and others use to identify what good Ce /
schooling should emphasize. Then we can examine how different ‘ J
arrangements for organizing -school education with and around
computers. influences what will be leafned and who will have °
access to. different kinds of education in school, - .

E

The Yiterature and debates about what schools are and-can
the following ‘three valQé~positﬂOns capture some -of the main_
concerns of those who care about the relationships between:

schooling and how-people Jive-and work in the larger-society:
4 .

1. 'Vdcatdonil,natcﬁ.nodel: Ggo& schooling arrange- .
ments are those which enable students to develop -the

‘cognitivé and-social skil1s necessary for Tiving dnd . L
‘working 1n1thé~soc1ety.they'wilr find when they leave - . it
school. The character of the social .order is largely -
- independent of schools (see for example; Forbes and’ . W
- Gisi, 1982; Shane, 1982). ' —_— S

g

2.  Progressive Schooling Model: Good schooling*® - .
arrangements are thos ch encouragé students to

e wh o
- develop their 1ntelibc;ual curiosity-and to develop ' SN
.soéial skills which support .relatively democratic; ' - .

° group Tife, :

. . VoL

3. Egalitarian Schooling Model: Good schooling” - 1 -

arrangements are ‘those which -enable students of al)

- social backgrounds. to. have equal opportunities in

employment By virture of the cognitive and social

i . skills they develop. Moreover, good schooling
arrangements teach children values and social skills
which-support more egalitarian and less hievarchical
social .orders (e.g., cooperation and appreciation of
diversijty rather than sharp competition}: <.

-
1
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... they Tive and will work.* Proponents and critics of specific = - -<<w__

) /f'threEpositibns, although few people maintain a rigid fidelity to

Th‘ese;va"‘l ue positions help identify the key elements of rather . .
complex arguments about the appropriateness of basjic skills,
computer-assisted instruction, open classrooms and-other curri-
cular reforms. .They also help identify the connections between a
" population of "schooled children" and the larger society in which-
school reforms often- anchor their main arguments in-one of these. LT

one value model-exclusively. "For_example, John Dewey is usually
identifiedﬁgith the progressive orientations but some of -his

writings ‘emphasize vocational matching (see for example, Feinberg
and Rosemont, 1975;: Sanchez, 1976: 80-85). Identifying these, °
themes in the writings'of.school reformers.is atso difficult be-
cause.of the -differences :between what people believe about the

way that a certain kind of schooling operates in the United States
in:contrast with their preferences. about :how it should operate.

2 Thus, some reformers of egalitarian persuasions criticize North :
i . American publ?c schools for acting primarily as thosé who. value e e
vocationa] matching 'would applaud (for example, Sanchez, 1976). ‘ L

- Neverthéless,—these value positions can be found -in: many books,

- —varticles, and discussions aQOufﬁ“goodgséggoTinqtﬁlr S

4

. _Iwo.other value positions ‘are also sometimes argued, but
~rarely in print. These aré .variations of the Private Enterprise
- and. Statist value .orientations which we discussed as. pertinent

to EFT developments. - In- discussions. about schooling; the major . -
actors to anchor- their arguments. in Private Enterprise.criteria .
are the publishers and manufacturers of curricular materials.and ;
school products.. .They: are concerned that schools be sufficiently ,
uniform. and ‘stable in their-preferences for materials that: the . ,
producers can find Targe -markets and“keeﬁ-thein,developMént,;osts
to a minimum by spreading them over many buyers and several years.
The wvariation. of the Statist position is .heard from- those 'school .
administrators, teachers, ‘and parents who are concerned that S
schuols .be so organized that.they are easily manageable at many. )
lTevels :of-social aggregation (from the order ‘in the classroom to N
curricula that are sufficiently standardized so- that students can o
eastly transfer .from ‘one school-to-another .without "Tosing time").
Despite these complexities, value orientations provide us a special
vantage point from which to examine computing. developments in
American schools, much -in: the way that they help. us-understand the ~ -
- 's0¢ial clioices in the depioyment of EFT:technolog{es,r

R = — - [ —— P v,

*These. threecvalue--positions are tentative constructions and
their -utility should be carefully explored before “"freezing"
them. Not all value positiohs will provide equal analytical
bite.- ‘For .éxample, Chesler and Cave (1981:27) identify three
-value orientations which they believe highTight important dif-
ferences in the .intent -and Guicome of schooling strategies:
reactionaby, -conservativie, and revélutionary. These labels are ;
defined relative to a whole society, rather than for a strategy ) .
- for organizing schooling within a single society; they don't *
provide us any anaiytical -leverage hére. -

- -



I4

*

-

2 .

- Compute}‘theracy~

» Computer Titeracy is an attractive-metaphor for indicatjng
some skill in dealing with computerized systems, Most of the
debates today hinge;ontdiﬁferenQes»in\Qelief‘about what kinds of
'skills- are seen. as relevang, andhdifferentwcongeptiQns of "com-

puterized. systems." The narrow. conceptions of literacy ‘emphasize
--Skills in manipulating some computerized) device such as programming
" -a micro-computer or operating aAworQaprogessing machine. A broad,’
1SOCjaIJy-rfch;vfew—asSumes’that these skills may. .be useful’, but are
- far from sufficient in- helping people uniefstand;sugh matters as
the opportunities and problems of large scale EFT deVélqpmengs:or'*\
supermarket scanners.* An analogy between -computers and automobiles
might prove instructive, Advocates of 1i eraCy-as-computeremanipui/
lation are-advocating a kind -of learning-/similar to driver educatign
+Or automotive mechanics, If cars (or ¢ puters) are widespread it
“4s doubtless useful" to teach -people how to deal with them-in rather
concrete and practical ways. Moreover, [such people will have more
~appropriate skills when they enter the full-time labor market :
(thus the narrow literacy position is ongruent with vocational- )
* matching educational values.)** .
. *An intermediate view assimilates "computer Titeracy™ more to
© cultural sophistication than to lingyistic fluency and technical
/ mastery (Marvin, 1981). ‘In this con eption, dealing with com-
' puters hinges-on- 1earning how to deql with the -computing cultures
within which computers are embedded/ (see also Kling and Scacchi,
1979).. o : o )

. . .

. N S N
**It s instructive to read the 2ngum9qt for computer literacy ‘
as vocational matching. (Luehrmann, 1980) in 1ight of Tyack and
Hanson's }(1982) observations .abo t reformers-who advocated

vocational education in. the United States around the turn of.. R
the century: ' : -

"The Titerature on -vocational -education is a fascinating
index -of the way ‘in which the new educational managers could
perceptively diagnose the severe problems created by the new _
forms .of ‘corporate capitalism and then provide paltry remedies.
It also exemplifies their faith in the power of public school-
ing to correct structural inequitiés'by’improving»ihdjyiduals, .

——-"to reform the society not by direct means but by teathinq youth,
Advocates of vocational schooling wrote ‘study after study docu-
menting the i1l-paid and deadening character of the subdivided
and routinized work availabte: to those on the bottom of the
system, They argued- that it was so exploitative that child
labor should-be forbidden by law. Byt at the same time few
suggested any' fundamental -changes in the character of work
for adults or thought of altering the balance of power between
workers and emp]oyers in industries. They placed their hopes
-on a better sysﬁgm of vocational training that would- help
‘workers. to -be mo productive and,_.to understand the larger

significance of the. work they performed" (Tyack and Hanson,
1982:111). o SR
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The broader view of computer literacy emphasizes the ways ‘in . ‘
which computerized systems are integrated into.the social 9?der,
much as we have-seen with the-EFT *examples discussed earlier. In

- this conception, a person's understanding about -how "¢ dbtens
work" and what they are good for depends on both: understanding the
machinery and the social order within which it is used/ Providing
a child with a micre-computer may -he] p her»uhdenstang/what'software
is -and how "it" works, far better than a textbook description
could do- (Luehrmann, 1980). But access to a micro-cﬁmpyter wouid

, -do little to help that child understand why banks have ,a three

N , tier Tiability system for the unauthorized use. of debit cards,

- -or -why the U.S. Armed Forces' have trouble developing a workable
multi-service command and control system for the:ﬁnifjed*military
commands, after 15 years of.development and $1 billion expenditure
(Kling, 1982)..— Understanding these matters requlres appreciating.

- 'how -computer-based. technologies -are integrated into social worlds
(K1ing, 1980). .- . ‘ -,
‘\xQerxain]x,,using computers.and developing a\iense of compe- .
tence and skill through mastery :of programming a relatively
flexible "and accessable machine ;an’beﬁrewar@ihg~é d helpful
for many children., The issue here is very differe t, though.
To refer :back to our analogy with automobilés¢,the1broad6rn .
view of computer 1iteracy holds that understanding the role of -
cars in American society is npt'equiva1ent-tb'havjnégacquired L
,skills as a driver or mechanic, however fun or usefu - they may- ’ ‘
 +  be. Rather, it requires -understanding the developmént and -
deployment of automobiles in American cities .and in the -economy

at Targe so-that -one -can -appreciate the -importance.of{oil in. l

American l.ife, why the demise of Chrysler or the automobile i

industry cannot be taken lightly, etc. Those who adv&gateAa o < -

e broader view of computer- literacy typically.-hold to more egali- |

) tarian values of ‘schooling also. ' They assume that it ﬁs*not !

sufficient for schools to simply educate children to "fit" into i

society, but that schools should, in'part, educate children to

understand the workings and myths of the society they Tive ip

(Mowshowitz, 1976; see also, Friere,xk981).* ' :

B N . !
—— Furthermore; those who. hold egalitarian values toward -
schooling would seek ways to have studépt's'schoo1ing hn computer
literacy (as well as -other topics) not 'simply reflect | hier- , -
archical- job market with many jobs which,allow Tittle/initiative
and a small fraction of jobs which’.offer considerabl idiscretion,
-intellectual challenge, and deep pepSOnal\rewards. g .

/ - ; : RN .

*To the‘extent that this socially rich conéeptiqn oﬁ{computer

literacy, depends upon- students having access to accurate ;
portraits of social life :in America, this vision is unlikely to

be realjzed in most public.and private schools. For an ) ‘ .
elboration of this'poﬁnt,nseeiFit;gera]d‘s‘61979) examination ~ - ‘ ;o
of the changina portraits of Anerican society'which have been . ”
emphasized in. high schooT‘h¥stony books. Historical fidelity
is not. their strength, ‘

° ) 1 ; -
C .. . ;n s - . i - . '
A Text provided b e - :: - ] - v mraem e o . ) . ) ]
o _ _ L, - . ~ ) 3 . . L o -
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-... Computer Assisted Instruction

There are many ways that computer applications and -environ-
ments.can be designed. to assist stude s learn or improve certain
(usually) cognitive skills;- The mosgzktructuredand least
intellectually exciting are dri11“aq/wpraCtice programs which
are written to support basic skiJ]sfsuch’és~néagjng, elementary
mathematics, and other highly strugtured -intelleéctual domains
(Suppes, 1980). (These programs dan also- spin off progress— - -
reports about the tempo and development of each student in a
class.) The middle range of CAZ technologies are simulations
which allow the student to explore the dynamics of a physi '
sy§t§mior—a simple economy by zsking‘her OWn: 1ons (Bork, .,
1980)." The high end -of :CAI technologie <re rich environments
such as Turtle\Gepmetry,whjch,éﬁisfggzgzdents‘tbfgiﬁTErE\
mathematical -ideas by providing them computational toels which

‘are suitable for many “experiments” and an envircnment which is
drivin by the student much more than by -the courseware (Pappert, -
1980). : . '

Only a tiny fraction of school age students in the United
States are now exposeéd.:to CAT in any form. .Clear trends are
‘difficult toidentify, -and the shape of things to come may
diverge radically from the current pattern of developments and
adoptions. Neverthéless,- the present is instructive, to provide
some insight into the larger social forces which .will influence
the futures that inspire -CAI pioneers (Taylor, 1980). In"1982, "
there are about two dozen firms ‘which sell educational courseware.
Most of the materials (by title), -and the  largest firms concentrate
on drill .and practice and similarly structured packages., “While
the pedagogy of.rote learning and. the structuring of these-.media
often incite contempt from developers of intellectually richer
materials and media- (Bork, 1980; Pappert, 1980: 21-35), they are
the most easily integrated into the standard school curricula.
The  use of less directive media, such .as Turtle Geometry,
“probably hinges- on an oper- ciassroom organization. The major
experiments with Turtle Geometry are takiny place {n.an open
and. relatively experimental’ school in the Dallas school system
(Fiske, 1982) with the support -of Texas Instruments and in a
progressive suburban school district (Newton, MA) without
éxplicit industrial support (Zonderman, 1982). :

There is much to be optimistic about during the next
decade. First, the cost of the. cheapest computers may still
decline somewhat, while their computational power, graphical .
capabilities,and associated I/0 (e.g., auditory drivers) will
be~substantially magnified. Second, the richness of the software
available for the popular machines and also the quality of the
more -popular kinds.-of courseware will improve. A]sp; more
- schools will doubtless purchase computers and courseware for

instructional use. But these are all‘"endogenous";e]ements;
they do not directly translate into an altered form of schooling
in. the United States. At minimum, little else need change
/except the sheer presence of computers and the shift of some




-coursework from paper and pencil to terminal and \dJ'st‘lgy. In f .
that case, computerized technologies would.be like multi-color
textbooks .and- felt tip pens--widely used, adding some interest,
but having 1ittle fundamental impact on- schooling nationwide.

Again, we—can<td?ﬁftonour‘falue'models to help appreciate 2
the alternative kinds of schooling which these instructional ‘
technologies are most 1ikely to provide.. Advocates of progressive
education and student-centered Téarning will most faver the
richer, student directed technologies. (They may also favor
‘those drill and :practice systems which allow self-pacing for
students who-tequire remedial skills.) While the "content" of
drill and practice systems can be drawn from any discipline or
skill instruction and testing can be framed around right and

~Wrong answers, simulations .and.computational environments are

constrained. to those symbolic worlds fo~ -which. someone can
build an explicit symbolic. representation. It is easiest to do
this for knowledge domaifs in which the underlying relationships.
can be mathematically modelled (e.g.; -physics force laws, simple -
ecdﬁomies,’Turtle,Geometry). ‘However, the kinds of symbolic
‘worlds which appeéar in games. 1ike Adventure suggest that .a ,
larger class of symbolic universes can be transformed into. a -
computatiorially accessablé representation. These are not - . )
unlimited, although it is easiest to say that at .any given - - :
time, they are bounded by the scope of Artificial Intelligence )
technologies of that period.* -

*In practical temms, it is .doubtful that .one. would find ;programs
in the next decade ‘which could answer important questions about
U.S. history, for example, in intellectually satisfying ways. A
drill and practice program might store many facts about the out- '
break of World War IT, ?hd»a-siMulation might. model the relative
strength of world armies.of the period, but the programs we know
and ‘understand would be hard put to answer arbitrary .inquiries
about why-U.S. forces were surprised at Pearl Harbor on December
7, 1942, how the:/British staved. of f severe V2 attacks, why Hitler
broke his nonaggression treaty with Stalin, or the rationale for
and -effects. of the -Allied saturation bombing of major .German
cities. If pedagogy. is more than simply propaganda then a. key
point in discussing questions 1ike these in-a classroom is not

. Simply_"to .get" a “"correct answer," but. to examine how people

and<nat1oﬁS“ac§?=nlbg;under1yjng“pedagpgy is -unlikely to be
completely rep])ng by. Some-specially good "World -War I1" or S
“foreign policy" Simulations ST e

e .

_ .While simdlations in principle help one examine fEEHH}hémics -
of “a.\given situation, one would need models of individual and T
collective behavior:-which 1ink expectations; cultural preferences,

. and- the "drift" of collective situations in shaping. policy

action and large scale social responses. It is an_understatement ‘ , -
to hold that decent models of such explanatory scope are well ‘
-outside the bounds of contemporary theory. ;

e
b
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* For a host of reasons too complex
doubful that CAJ of any- sort will subst
books in social studijes or Titerature,
boards, and parents who value progressiy
and who are drawn to CAI, may -employ dri
and some .of the richer computerized envi
larger curriculum, .

to discuss ‘here, it js
antially replace printed
Thus, educators, school
e—edycationarfapproakhes
11 and practice systems
ronments as part -of a

3

o
Thbse-whg*believe that their schools should emphasize -
vocational matching will see the adoption. of CAI technologies
somewhat -differently, uffice to say that xpere is little use

. for -most schdolﬁgngduates to- have a deep appreciation of physics
mployment in--our economy. as

or-a love of mathematics to find e
it now exists For-is-Tikely to.exist. i
Even if there inuin

these skills to an]Uderelementgry computer,programmihg or word
;pchessing»Qr’machine operation).. Simultaneously, students who
-aim- at jobs which hinge on a colTege education and-more sophis-
icated scien ] language skills, and- which require
.mpre independence, are more likely to be taught in schools which
havé—moré»student;centéred~teach1ng, The richer: modes of CAl
might appeal to vocational matchers wh e sele - in
= tjbné]‘materiaJs:for this more elite segment of the school age
' population, S - ’ '

Those who prefer egalitarian values might have .no a-priori-
preferences for any special mode of CAL. . They would, however,
. be concerned that classrooms, with-or withou CAL, foster coopera-
tion between students rather than sharp comp tition; that students
‘not” be sharply “tracked;" and that there not |be vast “gaps in the
kinds of -educational resources which are available to schools across.
the United States, Today, CAI' systems are r i ensi
and thus they are most .easily affordable b
- ¥ .. subsidized) school districts,
. CAI"to be 'substantially -reduced. /i

, » the best served students will be those: who
have teachers who:are most skillful in teaching with computer-
- related materials. These teachers, Tike skillful ‘teachers
today, are not uniformly distributed throughout the public and
Private schools, - To the extent that wealthier districts attract
a disproportionately larger number of them, it is likely that )
CAI systems, in themselves, can dg little to redress existing i
inequities in American schooling, In facty to the extent that N
, aching ‘with CAI is. even- ore demanding of skilled oo
——-—_ _teachers, CAI systems may exacerbate inequitﬁes'in(American
- schooliing. __Unfortunately, educational outcomes may hinge more .
critically on'tﬁé‘fntecxgption of skillful teachers in the use

—
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of intellectialy richer environments rather than the more {‘;
routinized drill* and practice applications. e .. e

‘Open Issues 1in- Computers a’nd—ASchoolning >

The most common points of departure for discussing instruction
about and through computers in the schools is to take advances
in computer ‘hardware for granted, and. to ask how rapgidly new
technologies can be taught with and through them féee Taylor,
1980 for many examples). In this framing, the problematic
elements are the difficulties in finding high gﬁinty courseware,
of -convincing school boards and teachers to adopt innovative
‘teaching. technologies, of training teachers to- work. in. computer-
centered. environments, of finding ample‘funéﬁ for these ventures
___in a time when school expenditures are pgoﬁlematic;t In this
fFiﬁiﬁ@j‘the“outhmeS«of;jnslnyggigngl;gpmpUt1ng‘areA"better”
cognitive skills and “computer appreciation,*————— -

ized technologies mean for schoolipng in the United States based
on competing value positions. :From thése vantage.points, dif-
ferent forms of computer ]itérac§ and CAI appear differentially.
attractive and .workable. In short, those who value schooling
. as an institution for channeling students into different slots Co
in. the 1abor markets will. find narrow conceptions ‘of -computer ‘
1iteracy and many kinds of/CAI attractive. This.does not mean A 4
-that vocational matchers will always value:.computer 1iteracy
as a basic skill to be taught in- parallel with the three R's,
Nor does it mean that they will -eagerly seek CAIl at every
juncture, or'be,fofgj91ng~abqut costs, teacher training, etc.
It simply means they will select those ‘modes ‘of instructional
computing which avé‘tonsistaﬁt with their vision .of schooling,

. : / .
;1 have sketched an alternati:E/Way~of.asking what computer-

and reject bthe;sﬁ. /
/ . - -

The curqght arrangements for- schooling in the United States. = -
tend to favor vocational match1ng;(61ﬁ§jsvénd‘Bowle;;/%gzsyr’””
:aTthdugh=thére’aFe~some compensatory fﬁﬁdinﬁ\prgggg’ to reduce
the more €xtreme inequities in some states (e.g., post-Serrano,.
California). ‘Yocational matching arrangements are ‘also consistent
with having a fraction of schools- administering pro ressively
oriepted :programs, Such as open -classrooms -(Sanchez,-: 76)

However, those who value egalitarian schooling will value broader

forms of computer 1iteracy and an equitable distributionof

talented teachers. Overall, current schooing'ﬁ??ihggméﬁts are

‘so organized that the largest markets for currigﬁ%ar»ma;erialg

.~ will be those which support relatively -narrow. forms of computer
Titeracy and relatively well structured forms. of CAI, These are
the markets which: I'd expect the firms which value profitability ‘
to -emphasize, although there are always niches for small, ) i

. specialized suppliers. ‘
This analysis has emphasized fhe;pedagogical side of
schooling; pedagogy is not the only issue in organizing schools
‘ : /
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and working inAa;ClaserOm;‘;Mgnytteachgcs value -orderliness,
particularly in “traditional" teacher-centered classes, There's
_a good chance that those kinds_of instruction about. and through .-
computers- which will be adopted on a large scale are those

which .enhance, or at least do not erode, the extent to which

teachers can maintain control over the atténtion of the children
they supervise. (Thue, computer-based programs which. can: be
done by individual children would be preferred to those tHat
hinge on small groups cooperating.) This is a hypothesis; not a
firm prejudgment .* . , : .

. - In this brief section, there are many questions which [
haven't addressed--the role of computer managed instruction,
the relations between students and teachers, the 1ikelihood:
that many parents will prefer to teach their students—at -home
rather than in teacher-staffed schools, etc. I Suggest that
the value-model approach developed here%helps ilTuminate some
of the key social forces and dilemmas that underlie these
issyes, : ‘

- - t, —- . L. - . - — e o

Conclusions R }

It is common to view technologies as potent agents of social
change (Evans, 1977), but the most significant technologies are
diffused through modern--societies over several decades. ‘Automo-
biles, telephones,felectricityj central heating;/féleyisjqn,'
and birth control did not ‘act as independent; powerful forces
in the United States. They were shaped and. fit so that the

larger social order was not radically uprooted. There is -

evidence that computerization develops similarly within public
agencies (Kling and Kraemer,. 1982). It is also 1ikely that EFT .
technologies and' instructional computing will be similarly

"absorbed" over several decades,

In the short run, when thesé technologies substitute for
less technically. sophisticated alternatives, the_values of key
actors--developers, resource controllers, and users-JBTEy“a»~-ﬂ,‘“
critical role in setting the stage for later developments., T -
Latep on, new styles develop; automobiles do not function like
fhorﬁéaess;carriages and photocopiers don't function 1like
automated carbon copiers.

7

¥ find it remarkable how much. the literature on the more

student-centered forms of CAl emphasizes the technology at the

neglect of the real children wpo will use these devices and the . —~

real classrooms in which they will. be taught. See Taylor (1980)
and' Pappert (1980) for examples where the technology. is foregrounded
and the students and classes are triuant; see Oettinger and Marks
(1969} for an.alternative approach which is sensitive to the social
contexts of real schools. CAI technologies are now cheaper and

more sophisticated, bat many issues .remain unchanged. :
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In the short run, institutional styles dominate the use of
" new technologies. Hospitals -which use computers heavily are
much more 1ike hospitals which are hardly.automated than they
are like some other kind of institution--a bank, a grade school,
or an architectural firm, Thus, asking about how a technology
shall-be "best used" is_asking questions about. the larger social;
order in which it is.embedded. Identifying key values at issue
in a given institutional area--héere banking and school¥ng--helps
identify the kinds of interests that easily align with different
modes of computerization, ‘ ' .
) A key issue is not whether or not computers are used in
banks or schools -or 1ibraries or manufacturing firms. Rather, .
much' depends on how-they are used, what infrastructure of
resources -and- 1egal arrangements accompany their use, and ‘what .
interests the arrangements serve. , Much is written about promise-
'of .computers 1n.many ‘spheres -of American 1ife, including schools.
Despite the :bi11ions of dollars spent each. year .on different
forms of computerization, we have Tittle systematic data about -
- the ways -that computing is being integrated to public Tife in. ‘
. the United States (K1ing, 1980):, In the absence of systematic s
and high- quality data, we must rely upon scattered reports and’
~a priori models. ' : '

. In the analyses presented here, laissez-faire EFT develop- __ , ,
ments best serve Private Enterprise and Statist val ues; in » . -
schodls instructional computing best supports Vocational Matching.
-conversely, EFT developments will not serve Neo-populist -or
Libertarian interests without special legal and institutional
supports. Similarly, instructional computing in American :
. Schools 1s unltikely to serve Egalitarian values very well

- without special institutional support.

At this time, both :EFT developments and instructional: -
computing are in their infancy. There are still many open e ‘
social choices, and the future of these developments is still
- to ‘be made, B -
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[RONMENT THAT TEACHES:

~ THE MICROCOMPUTER ---AN. ENVIROM
EXPLORING 'THE 'HIDDEN CURRICULUM

,
*

ED219865

Henry F. Olds, Jr.
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The use of the microcomputer in cLaébro&%g and homes has ,
- many implications for the learning of those who use it, Co
Some of these are.obvious; but many are not so obvious and .
deserve serious consideration. I want to consider here some ]
of’ the kinds of environments for learning that computers
create and the impact these environments may have on~
‘computer. users: Co

Discovering the Hidden Curriculum

4 Psychologists -and sociéiogist8~who have been interested
in what—cEildren learn in the classroom and how. they learn ,
have ‘frequently distinguished between the formal curriculum
and. the informal, or hidden curriculum. The ‘formal
" curriculum~consistd of the contert and skillsythat are
defined and articulated -as the "course of study." It
usually expresses what the society expects children to learn
in school: And because this curriculum is explicit for the
most part, it is also considered to be largely under
control. ' : - -

- Most observers of our :¢hools also recognize that the:
/férmal curriculum is only the tip of a huge iceberg and ‘that
most of what is learned in schools is hidden, poorly
defined, unarticulated, and not well controlled. Most
innovations infeducation>ajé efforts to improve the ,
transmission: of the formal curriculum. Little .attention is ‘
-paid to the hidden curriculum because it is too vast, too ) N
.complex, too hard to see (partijcularly when viewed with a .-
microscope through a rear view mirror). In our passion for
our pseudo-scientific capactiy to measure things, we have Y
.assumed that what is important in educatién is what is
‘easily measurable. So we hayi“rimitgg our vision to what we
“can define and put our callipers on. T e

- In over twenty years of watching changes in education, I = .
" have learned that significant and lasting changes’ occur only L
when the entire structure of the enterprise is somehow ; ' v
‘altered, not just a tiny fragmerit. ‘Many change efforts so .
completely ignore the hidden curriculum that insertion into
the system is almost immediately rejected by the host, much
like our bddiesirejegt'alien diseases. .

. MyApositiop is ;fag the classroom (ané thé school) must . _ .

*
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be viewed as a total environment that teaches. Changes in
that environment, if they are significant,»will effect all
aspects of the environment. Any change that is not
significant will not only have little effect, but will
quickly be rejected or ‘so totally asslmllated into normal
practice that nothing not1ceab1e resul -

It is my predlctlon that the. advent of computers into

" classrooms will make a major difference in how education
’happens in our schools. Typically,/most educators are
assuming that” the difference .will be in the formal
curriculum, and they talk about te aching more content in
less time, teaching students on a/more individualized basis,
keeping better records of student*progress,: freelng the
teacher to teach more cdomplex concepts and skllls, etc. I
fear, as usual, that they are inspecting the elepnant by .
looking at hairs on the end of its tail.. |

I think the computer will make a.-major dlfference
because it places within one total environment that teaches
another total environment that teaches. In my mind, it
therefore exponentially increases the learning p0351b111t1es
, == it does not merely add on. Think of 1t this way. It is
not: ° ‘

New Learning Environment = Learners +X +Y

It is: . . A b v
' P X+ Y
" —New Learning Environment = (Learners)

‘Where X = Teacher + Books
Y =—Computer +*Software s

——

_There is another scenarlo, of course. Our school
systems could try to restrict the use of computer technology
narrowly to the role of audio-visual aid for more efficient
transmission of the existing formal curriculum. If that
happens and is successful, we could ‘well find the computer
takzng its place alongslde the 16mm and overhead pro;ectors
in the A-V closetshi

It's not likely to/%appen that way, not beczuse our -
educators are so much wiser, but because our society already
" senses that new forms -of edu¢ation will be required for a .
world in which computers will deeply alter -not only the way -
we do things, but also the way we think about doing them.
“Already many computers have found their way into schools not
because -school boards have decided to use them, but because
parents' organizations have bought them and insisted on
their being used. / - ’ ¢
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The ‘Hardware Dimension P N ~
. The best way. of dndgrstanding‘ﬁhat is going on in a
total educatidhal environment -- both the formal and the
iidden curricula -- is ‘to become-a student of the human
interactions that are a product of that en%i;onment.
-example, let's consider the changes that have come about
witl’ respect to cdﬁputérzhagdwarem -In a very sheft periud
.of time, we héveumovedAfromfvgry large .and ver expensive
‘computer installations with relatively few terminals for a
sélect group of students to small, relatively inéxpensive
microcomputers that can become a rej Xly accessed tool for

everyone in any classroom. Tod + teachers .can put . : {.
computers in their cars and e them home overnight or for.%
the weekend. 1In the very meatr. futurle Allar Kay'sgvision -
' will become a.reality -= every -child will-have & - }
notebook-sized computer to carry to apd from school each o s
day.. ) .
o~

e -

When the hardware resources were largé, scarce, and
‘expensive, use of them had to be authorized by someone in !
control ‘of computer time allocation. - To a. lesser degree,
‘computer use in schools must still be authofizeq'beCauqe
available hardware is scarce. This scarcity has: some |
imporgant:implictiops,for how the computer’' is seen and used. i
For exziiplé;, it 4s rarely possible for the computer to be
used for word processing in schools because the composing
' process’.is too time consuming. Similarly, using the ‘
computer for serious. problem solving, which might involve
‘searching;d#ta‘bases,‘construgting‘apalytic models, or even
writing extgnded programs is still limited by the scarcity
of resources. Someone must still authorize how the computer | \

" is used and when it is used, - / Y

But soon the comouter will be just about as availablé to
everyone as the hand: :alculator is today.® How will the Tz
school react? My sense is that most schools are still
unsure about: acknowledging the ‘'reality 6f the hand 5 .
calculator as a tool which makes pencil and paper arithmetic /
almost completely obsolete. Drill and practice on
application of theé algorithms for pencil and paper .

¥

computation persists -- even computeérs have been enlisted to;
insure that the old methods don't ‘changel =~ Few math classes
that I know of have replaced the/ pencil with the calculator-
and are ‘teaching new algorithms,. for making quick estimates -
to be sure that the answer sdpplied by the calcg$ator is !
reasonable. .. B I !
- , L f ; .‘ .
“Will schools react to the advent of the handheld I
computer in thé same way? If they‘do, 'I fear that the ] e
.hidden message to students will be that what ggés on in. the x
classroom is, far more than ever before, irreleyent and . -

i T~ _ -
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worthless. It would be a shamé -~ maybe‘even a national
catastrophe(-- 1f that turns out to be the case.
1Y
¢ At this p01nt, T am’ stlll optimistic. The attltude of

- many teachers who are beglnnlng to use computers in hools
is open to the p0581b111tes they permlt. There is a
reasonable w1111ngness to risk the chance that embracing
computers -as ‘a rnew tool for learnlng means rethlnklng to
some degree theé. nature ‘of learnlng in an evnlronment that -
-'has. now'changed signlflcantly in some -expénent :ial way. To
.aome- degree, not yet well understood the -nature of
"~ education. is changlng, -and- fortunately there are many

- teachers who aré willing, €éven excited to venture into
explorlng uncharted terr1tory. . . e

T

The,software Dimension i
Most- of the 1nteres*1ng aspects of how computers will
effect -education arise from consideration of the impact of
- various kinds of software. While .the hardware provides a
. very gen*val tool, the software makes the tool ugeful to
. people and determines to a degree ‘what kind of tool 1t will

be. . ‘ - L,

If- you ask people what the‘major advantage of the
cornputer is, they will respond with ideas like it's fast,
1t 8 .accurate, it's thorOugh, t'"s 1nexhaust1b e;. etc.
Educators, in partlcular, also. polnt out that it is
interactive, ‘the. sénse belng that ‘there. is something in this

' interactive potential that is particularly important for
. ﬂducation. They" ‘may be- right, but what has :impressed me is
the astonishiug range o§3att1tudes about what the nature of
. that 1nteraction 18 e ;

5
c‘ -~

-« I would llke to suggest that understandlng fully, in all
Jits complexlty, the .nature of. tHe interaction’ between ‘the
computer and_the user is crlticaJ to understanding how the
-.computer wxll.effect educatlon. And, .as I have suggested -
above,, we must look underneath the surface (the explicit
1ntentions) to the hidden. impact of this; interaction.

L]

]

L33 \

3. The AT Model .. . - ‘

. The' strongest and most domlnant ‘model we have today of
what the .nature of the computer/human interactlon ought to
‘pe has been pesssd down to us from.a previous era of scarce
ccmputer resources. K It was a time when a<handfu1 of
~ @ducational psychologists worked with a handful of computer

gpecialists to create. software ‘that ‘would demonstrate the '
potential of this scarce‘and expensive technology. They
. decided,. for whatever reasons seemed obvious at:the time,

"“that computers snould best be: used to assist and to manage

o

T
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‘ instruction. Assisting came to Mean carrying.out_routine

’ instructional activities in a mode designed to improve upon
S ———"the teacher's capacity to do -so. In theory, then, the -
;,;ff’{’f teacher would be free to instruct,studqug\about more-
' complex and important matters. Managing came to- -mean
keeping careful track of the student's performance and
directing the student to appropriate new material based on
S past performance. . / .

.
¢

Since. most jefforts to improve education in the past
° fifty years had used the modern factory as a model, it was
© not surprising that -early applications ofacomputefgfto
[ . education were aimed‘at‘making\eduéatioq more efficient and.
- cost accountable. Because computers were clearly able to
assist and manage manufacturing processes efficiently, it .
i  seemed reasgnable that they could provide similar help for
~©  educational processes. Behind closed doors, discussed -
softly so’ as\not to upset anyone or ‘create bad press,. many
of the developers of early CAI and CMI software talked of .
the day Whén'éwa, inefficient, mistake—brpne:teachers~would
i - bé relieved of most educational responsibility, and )
computers would carry Out most of the serious.aspects of
F

= instruction. N 4 A .
2 . - If computer technology had continued to be relatively
- scarce and fairly costly, those in control of its use uight’

have prevailed in insisting that its proper function: was’ to
assist and manage instruction. Twenty,Ygarsﬁago, few would
have predicted .the silicon revolution.? When microprocessors
burst .upon the scene, those who had been pione fs in CAI
immediately leaped: to the. stage and proclaimed\that now the.
miracle of CAT™ could become a universal cure foX the ills of
-a slow and ou moded educational system. In theiy enthusiasm
; for presenting their. particular vision of using the computer
/ in education, they .neglected to pay attention to the fact

L " - that advent of _the inexpensive microprocessor completely
a3, changed the relationshiop of man to t! . computer. Put very
: simply, what was once expensive and inaccessible became,

S almost overnight, cheap and available. . - .

o

Cw
v

«

. wi{ﬁ«cheap and available technology, all the potential
- of the computer can be explored by almost everyone. MNo )
' longer must the tzchnology be limited to applications s
{ . determined by a‘small, vested group. In education, what was
once the province of the educational psychologists and
computer science teéchnicians’ can now be open to teachers and
. " jparents and kids -~ and professignal educators whose A
interest is in expAnding the potential of the technology,
not in limiting it. ) . '

. o

. . Let's now consider the CAI m;\de; of computer/user
© " - - - .. ijateraction: . R ’ : N

N . 3 X \
D . s : ’ . \ ) o \
- -7 - - . < - - —- - ; : A\ a : i
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g";: tlghtly\\onstralned role.

~

1) +The computer presents some 1nformatlon on the
screén- and poses a question (the stimulus)

2) The user responds by constructlng an answer of
his/her own or by selecting from a range of answers .

: presented with the questlon (the response).

3) fThe computer evaluates the user's, response
based upon a predetermlned formulatlon of the correct’
reponse.

4) The computer provﬁdes the user .with some
feedback to his/her response, usuaily in the form of a
judgment that the responses was' either correct or incorrect
" (the reward).- : '

. 5) The computer keeps track of the user's
- performance (the record). )
6) -‘The computer prov1des a\new st1mulus, the
¢choice of' whlch is based - upon the user's perisrmance record.
On- the surface, thls modfel seems. *easonable. To many it
represents falrly well what education lis about\ ‘Everyone
ought to have the experience of.learnlng from a\program
developed on this model. If your choiceNafgmsograms is- good
and. if you usge ‘the program consc1entlously, you will
probably learn. -something. And if it is something you very
‘much. wanted to learn;, you fmay bé justifiably pleased with
the program's effectlveness., Good CAI canglndeed teach ",

effectlv 1y. ¥ .

Buﬁ/jt“s 1mportant ‘to consider some o? the h1dden ,
aspecﬁs of this approach to educatlon. Flrst, it places the
- COME uter in contrtol of the educational process. It
maxntalns that the computer is both necessary and.suff1c1ent
for learning. -And it places the user in a submlssLVe and

Just beldw the_surface, CAI teaches that.

\\ﬁearnlng is 4in control of some unknown ‘source that
deteérmines almost all aspects of the interactive
process. To-learn one must suspend all normal forms
of interaction andaengage only in those called for
by the program. S \

.

)

ﬁ“Learnlngnls an isolated actiyity to be carried on’
X primarily in a one—to-one interaction with the
computer: Normzl inter-human dialogue is. to be
suspended while learning"with the computer. &,

. Learning involves understandlng (psyching out) how
the program expects one té behave and. adapting one' s
‘behavior accordingly. One must euspend
idlosyhcratic behavior. - o

oy




| o

T T

Lq;}ning (even in highly -sophisticated, branéning - . \

. o programs) is .a liheag, step by step process. 1In .
learning from the- comput€ér, one must suspend j \
- creative insights, intuditions, cognitive leaps, and
38 other nonélihéar-mehﬁpl~phenqmenau - . A
1. T O - i : :
\ My observations. of people \using CAI materials on .,
~/ computers have produced the following data: .- :

' People are willing to diVQ cohtfolféf the learning
process to the computer 'for relatively short periods
SR of time if . v _— .

- TN a) they are clear abd@t what they want to learn
and what the computer can, teach them. :
‘ . . b) they are highly motivated-to learn some
specific subject or skill.. .

~¢) -they can easily control the duration of

intéraction_and are free to' shijt it off when. thay
have had ‘enough. \ /? :

[ 5w

\ Pedple*cravg,human,ihteracgi/ » particularly when
they feel they have learned something: and want, the
: phancg~§g~te}1 someone else/abgut it: Therefore, to
. - 7 - . _the extent that CAI is. sgc‘céésful., time on-line
B needs to be mixed, with plenty of opportunitie for
human interactiofi. - ' / o 7 .
| _' .ot . . -
y .People will spend considérable time exploring what's .
"in, the head" (or, for some-children, "in the N \,
heart") of the computer becaiuse they become RN
fascinated with what makes the program "tick," how
\ --the program "thinks" or how it "feels." , The mdre
"intelligent" or “éénsitivg"’the program pretends to
be, ‘the'more most users will try to outwit it.
(Discoveéring the various ways the program will . _
o respond to wrong -answers usually produces great :
- delightljkThe*mqtg_"gg-gggng";_plearg.stxaightforwar
/" and consisterit the program can be in responding to \
7 the user, the less timé and energy the user will 4
spend trying to prove that he/she is smarter than
the. program, or in worrying about how the program
"feelsg." - | S "o

el i

o~
5

To the extqnt)ﬁhe,prcgram‘permitsQ people-love to
jump around within the program structure, ‘

particularly when they feel they have somehow p
. developed (probably in some non-linear way) an

- ‘understapding of what the program is tryinrg to N
. : teach. * If they.are. locked into a tightliy. °

f . constrained sequence, they become frustrated and

bored and very registant to. continuing .interactions

\




with the program. i :

" A"Simulation ‘Model

I would like,to contrast this CAl approach, and what I
observe: people learning from it, with two other approaches
.t6 the use of the computer“ ‘one. carefully contrived to

\engage'children in @ different kind, of learning, the other
\deliberately tructured not to teach at alb\but rather to
prov1de a too \Eor fac&lltating learning.

. In the Search simulations, the computer plays a
sxgniflcant role for learning, but it is not .central. 'The
program explicrtely insists that the interactions among a

groug,of people are critical for learning. The computer is

' ‘necessary for learning, but not at all sufficient.,

\\\\’ina r--Search,” the‘learner~becomes a member of a
ship's -cr w*onca voyage -of explozation. Background
1nformation heeded to ‘undertake the voyage is provided in a .-
booklet (books. are,atill wonderful for reading). The !
computer provides the crew of learners with data needed for
each day's sailnand keeps a record ofnthe voyage ‘8 progress.
The task of the crew is to decide how ,to. interpret the data
and what actions to ‘take next. Thére 'is nothj ng to learn
‘directly from the computer. "The learnﬁng ‘takes place as your
crew .attempts to apply its growing knowledge of naVigation
to the task of f£inding gold in the-new world. " Or, 6on a
somewhat more sophieticated\level//Iiarnlng occurs. as one
wonders how events in the simulation dompare with actual

. hietorical ebente or:w1th real problems in navigation.

. e A #
Theqpxoblem solvlng 1nvolved is close enough to being

real to engage the full ‘mental facultiee of 'each crew member

- and to- profit from the special talents and capabilities. that

" each niember! of a group- can contribute to’a cooperative
endeavor. o ;o R .

" L e -

,““

v

Léarning is an eesentially human activlty that is
totally under ‘human control and dJrection.

., . Learning ‘is inherently cooperative in nature and

. » dependent upon ‘human’ interaction. ‘What people ™now

" is what people are able -to. reach collaboratlve
. understaning about. » P

.
<

to the thinking of someone "ih con ol, sbut more a
matter of contributihg to a ehared understanding of

~




i - ) ‘ J/
something -and- finding ways to share that
‘ understanding. : . c -/

Learning proceeds best in an environment where it is e

o safe to make errors ahd to learn from those errors. ,

~ Rl Sl . ) :- A
Learning is boﬁh‘exciting and pleasurable because it
almost never proceeds in predictable ways. 7 At times
i under certain.conditions, a pérson's-éagacity to
’ learn can be truly astounding. . ,\
) . \ : )
. o . ) . \
From classroom observations, one gets S-to%q}}y new
perspective .on- the interactigg.natpre of computing:

- There is very iittle.interaction’with-ﬁhe computer. |
The computer program is a catalyst for muitiple
levels of human interaction. '

. ’ - . .
No group of pecple, or individual within a group,.

- learns the same ‘things at the same time: -Thére is
both wide variety. amidst much commonality. The
computer program proyides a map for learning but
with no cbnétrgiwts on. the extent of exploration.

Pgop1e~wofkingzcdliaboratié1y learn so much about

how to: make the group process ‘work. . Though the AT
computer program sets a goal for this process, the T ’
re many options for making the process work ari open 4
~—"for experimentation. »/

- , ;
— - ‘ o

The most significant ‘educationail value of
~ simulations is that they allow major mistakes to be

m.de without catastrophic consequences. Given the

'fqﬁportuﬁityv«people»can improve ‘substantially in
their capacity to profit from their own mistakes-

Though thé computer program provides an extrinsic
motivation for performing well, the motivation that |
is intrinsie tc performing well dominates people's '
behavior: T .

"A Tool Modell BN

¢

+

Finally, a third kind of program teaches a different

*

--approach to learning because it produces a totally different

range ‘of computer/human interactions. SemCalc (which stands
. for Seniantic Calculator) turns the computer into a

sophisticated calculator, which can both calculate with

numbérs  and with the referents for those numbers. It -~

permits the user to carry out problem 80lving in a world X
where numbers almost always réfer to something. For ) ) E




" example, consider the follow1ng problem: At Billy's
birthday party, there were six cupcakes for eighteen
children. ‘How many_cupcakes were there for each child? A
typical student response to this problem would be to say the
answer is “three" (Most children divide the larger number by
the smaller number, whatever the circumstancesl). ‘The answer
is wrong on: several counts. First, and most Amportant, the
answer‘must,havé"a_referent. Three what? '

.. “By.keeping track 6f the "whats," the problem solver

_ becomes mindful that a problem's solution must be stated in.
the same semantic terms as the problem's ofiginal question.
So, in the/above problem, if the proper referent were
attached to theznumber, the anawer would be "three children
per candy bar." : Now there is nothing inherently wrong with.

" this answer because it is true that there are three children
per candy bar. However, by comparing this answer to the

“J“'original question that was asked, it is clear that this

answer is not the answer deaired. Therefore the number
that was calcula d is also probably wrong: A recalculation
of the problem pr uces the answer 0.33333333 candy bars per

children. | \ .
- Now a shrewd tudent might notice that there are still
some problems with thia\answer. First of all, the numerical

portion of the answer seemg much too precise for the -
circumstances: described i the ‘problem, 86 sc.e thought must
be given to the most apropriate form—for reporting the
answer.’ Secondly, the origanal question asked how many
candy bars per child, and the answer of candy bars per
:.«children is not qu 1te the same, 8O ‘the student must make a
.~ 'slight semantic ad]ustment here if it is warranted by the
circumstances. Vi N .
\

. This approach\+forma11y known\as dimensional analysis)
has been a tima-honored ‘technique in colloge phy81cs courses’
and is now made available through the computer to students
of almost any age. | It places in the ‘student's hands a’
powarful analytic tool for exploring the: sclving of-problems
involving -quantities. Like its less sophisticaed cousin,
the: hand. calculator, it carries out manigylations pf

- quantities with ease. But also\like the hand calculator, it
"has# no intelligence and no explicit instructional purpose.
It is purely a tool; as useful as the intelligence of its
user, and also aubject to the limitations of that
intelligence.

I believe that SemCalc reinforces thé- .same \\titudes
toward 1earn1ng ac the Search simulations. Howeve , It goes'
a bit further in placing the computer in the role of tool
and the person ifn the role of autohomous inquirer.xk\\
Implicitely, it teaches a most significant lesson about

i e e e i

7




N o e —
!
£

computer use: that this technology can be immensely helpful —
- to persons in their efforts to explore and underétand their
world, but\that it will always reflect back to them the
llmltatlons of thelr.own vision and wisdom. Thls may be the

most 1mportant lesson t\\t‘com uters can teach us for

surviving. and. prospering in an ctronlc, 1nformatlon-r1ch
society. Also, such learning may be the only antidote to a
dangerous but growing tendency for people to trust--the
seemingly smart machine over their own 1ntelllgence. ~———

The most hopeful sign I have seen recently is that
there is a growing nymber of computer prpograms -- still
small compared with the mountain of CAI .materials available
-~ that use, the computer effectively as a learning tool and
not as an’lnst;uctlonal medium. We need good CAI -to teach =
some things. I have no arguenient with the limited use of
good CAI. But, far more important, we must help our
students learn about the power of the computer as' a tool for
extending the reach.of a person's intel igence, -even N\
cohsciousness. And in every decision we make about how we
shall use computers in education, we should consider

. carefully and sensitivcly all the possible 1mpL1catlons of
our dec1slons for those who--look. tc_ ug_for wisdom and

——

7 guldance. ! . e - .
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Electronics magazine. The Altair was the first -computer kit to ‘be

- . EA 014 917

THE MICROCOMPUTER REVOLUTION \ S ‘ ,

Harold C. Kinne ' ‘ L

~

The year of 1982 represents the first year .of the new, era.of the
microcomputer. The dramatic events of the _summer of 1981lcomp1ete1y
changed the microcomputer marketplace<and in some manner lethlmxzed
business use of the very small computer. The change has been 'seen in

alT aspects of. the marketplace; in new hardware, new soﬁtWare, and a new . -
user -profile. s . . N , :
N f M - :\ﬁ o - N h i : v \
_ . - I N .
‘Microcomputers are only 7 years old - the b1rth“of ‘the q:z;d\ - -/ T
mxcrocomp%ter industry can best 'be attributed to the cover story on the, 7 ’
MITS "Altair" computer kit in the Japuary 1975 issue of Popular *

offered utilizing the newly developed mxcroprbcessor and its sales

. history astounded the world. Within the .first month after publication,

MITS had firm orders for their estimated first-three years of - s
production! Major manuﬁacturers jumped on the bandwagon and by'mld—1977

fully assembled .computers were offered through a growing network of |

computer retail storés. Many stores assembled computers from kits and . o -
sold them with.their own assembly guarantee.. Most provided con5u1t1ng
advice, service for both software and hardware, and provided rep&rr
facilities. The computer 'store’was’the marketlng phenomenon of the -
1970's. The first computer store opehed in July 1975 in Sapta Monica,

California, there were 50 stores open by mid-1976. and nearly 500 by. -
mid-1977. These stores carried many’ brands of computers in both kit and

assembled form. Many of the early computer manufacturers did not - P

survive' in a very. competitive market. The "survivors" of these early . ™ N
computers' still viahle today are the Commodore PET, which is said ‘to .

stand for personal electronic transactor,. the Apple\II, and the Tandy
°f

Radio Shack TRS-80 ‘Model 1. _ ) : . . oL,
- - ’ /i‘ “‘ - ' ¥ 3

The Commodore PET was first demonstrat d’at the Natlonal Copputer T
Convention in Dallas, Texas during June 192? - The Apple 1 was built by

"two young men, in California using money ob ained by selling their van --
fioney taken in in sales was used to produce more ‘which were sold to gec

motey- to build more, etc. The acceptance;of the Apple 1, a printed
cirvuit board, led to the design of the Apple II with its high-impact , ) .
plastic, space-age case and-the delightful logo of a rainbow coloted
apple with a bite out of it! Applexhad he sense to obtain professional
business management; many competing comggnles failed to survive because -
they did not have good business manage ent, Excellence of product is
not necessarily an- indicdtor of businegs success, in the microcomputer.
business at least. The Tdndy Corporatfion-entered the market with the _
TRS-80 Model 1 and frankyy, Tandy did /not know what they had- when’ they T
first sold this, computer.,'For several years Tandy, primarily a leather -
handicraft and electronlc* company, eacted to- their small computer . Lok

w7
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sqfé5r;i thekbaig seeminglf waggedrche/dpg -- until they finally ca@e to
grips with. computer technology a couple of years ago. With their string
ag,dedicate§ computer centers as well as some 7000 retail outlets, Tandy -

%

s today a force!to be reckoned with,.
/ o

7o These- then, | Commodore, Apple, and Tandy,'Weregth “first successful
// entrants- into- the small business marketplace. The ajor shortcoming of
the early versions of these computers from—a'bus”ﬁg:s viewpoint was the
“lack- of a randomTatéésé storage device. The anﬁio cassette tape used
; for scdragé~prov1ded'only §equencia1"aCcégs/fB_s;ored Eiles and was. far '
" too- slow for most Bq§1ne55—app[icati99§g The development of the floppy
disk brought businessmen into the smalil computer marketplace in growing

. - numbers during the last years of the>1970's. Many other manufacturers
\ cohb;ﬁedman»exisﬁggg;compdfét/system with their own 'business software
and marketed the combination/as a privately labeled business system..
-There were dozens of thése systems .avajlable ranging Eiom—ﬁruly
. excéllent to barely adequate. By cheN%ndfof—y980; there were probably
-600,000 small coniputers performing some kind. of business function in the
United States alone. - \ oo ; 5 -

t
T h - . - 1 2
- PR I

ThESe.pusiness mtcrpg6mphtgrs\éndfce:cain of .the minicomputers. were
frequently termed "'Small Business Computers', or "SBC"s.. Most people
linked "Small" with "'Business" and-considered these machines as _

. computers for use with Small businésses only. To: an éktent, this was a
 valid assumption. Language capability was largely restricted to :BASIC,

' an intetpreted and relatively -slow language, and storage ‘capacitiés were

" small,-being measured in kilobytes rather -than the multiple megebytes
-found with the larger main-frame systéms. The available busineéss -
"programs were ‘poorly written and difficult -to maintain. The traditional
" Data Processing proféssional and the Chief Executive Officers of major\

o cdfgotatioqs did not feel comfortable .in the ‘hobby envVironment of thé ' -
.small computer store or with the casual life style of the small computer
‘pogrammer; they stayed awdy from small computers almost entirely.”

-

.In 1980, at the Nationdl Computing ‘Convention- at Anaheim,

California, Apple introduced the first of a neﬁ.éer;es of ‘business

~ oriented small. computers designed to appeal to the DP professional ‘and
“the senior business manager; the Apple III. This introduction, -
uﬁfqttunatelx,'waS'p}emaﬁure as quality control was not yet up to
satisfactory levels,/ and the‘Apple IIL was effectively withdrawn from.
the .marketplace "and’ reintroduced after the problems were resolved in

. November 1981. /"Th,e Apple III had a built in disk drive, an 80 column
.screen display so that word processing applicgtdon§ were feasible, a
10-key pad so beloved by accouritants, and an electronic spread sheet
forecasting }oblucalfed VisiCalc. :

\\

N PUSEENEY

In February and April of 1981 two new machines entéred the
; . X P
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. mavketplace which really in&'?duced the new busipess small-computer
characteristics but in which he business”featufgs were camouflaged by -
other features'of the new -machine. 1In February, Vector Graphic
introduced their System 3 feadturing 3 § megabyte Winchester hard disk

' which matched in size the adj cent 5 1/4" floppy disk drive. 1In April,
Osbourne Cbﬁpute;s.inttodUCed the portable Osbourne i, a -computer in a
brieEcqse‘or small suitcase c nfiguration. .

, . By the first of June 1981} the-Apple I1I, Vector Graphic System 3,
and the Osbourne T were the; prefursors of :the new generation of business
¢ small computers, or ‘BSGC's. Theientry of the first. large manufacturer
into the marketplace occurred orl June 9th, 1981 when Xerox introduced
--their Model 820 small computer ahd -the characteristics ofjthe BSC ‘became-
"appqrent to one and. all. ' These : haracteristics seem to be:
& 1. The CP/M operating system to provide access to a e
~ .wealth of proven software programs. 8 .
2. VisiCalc or an equivaleint électronic spread sheet
+ forecasting system. ‘ '
3.7 An 80 column display fo
- 4. A typist's keyboard and |1
" 57A system cost under $5,000

/ 5

The Osbourne portable computer ad all of these charatteristics
except for the 80 column. display., The display of the Osbourne scrolled
horizontally as well As vertically -sq you could see the right-edges OF

" business letter with a little manipulation. 1If you accept this display
‘compromise,; the Osbourne 1 is a BSC. |The Vector Graphic System 3 cost
was in “excess of $5,000 but it includ d- a Winchester hard” disk., That
capability would bting the equivalent |cost of any other system above: ° :
$5,000 so the megabyte storage capabillity was the_necessary Conpromige Ces

© with. the Vector Graphic machine. The Apple ,III meets all the -
characceristicslexcept,for CP/M. *Withl|a "brain transplant', actually -
inserting an additional microprocessor |into the: motherboard, it too can
run under CP/M and might be consideredl|a true BSG. The Xerox 820,
however, was -the first to meet all the characteristics without
modification. » ‘ ’ C : w}

>

effective word pProcessing. ; @
O-key pad. - _ : -

o

-

- L3

a

Xerox had the,BSC,marketpLace all‘;o itself until August 11th when
Hewlett Packard announced the HP=125. The HP-125 met all the BSC
characéeriscicsvand was designed to IOGK like a professional, business .
capable machine. Hewlett Packard was the 'newest entry" for only some

24 hours however. v K

. s e g s N
%

. ; On August‘IZth IEM made its blockbusting announcement of -the IBM
i_‘:T,f_hjw__f,nggqngl‘Corriputer and changed the .small computer marketplace forever.
“In announcing the IBM Personal Computer, IBM broke with its ‘own -




.IBM sold through non-I1BM retail outlets, name

. IBM and Xerox seems to have ;

- Commodore and others w f

, Victor 9000 was shown - a machine designed by the designer of the
‘TRS~80 Model 16 business computer system a l
cufrent Model 11 business systems. ~Cromemco, one of the oldest of the ‘{

1

-announted a business computer’ called the Affinity 16. As.of this

*1982, probably before this paper is presented. 1981 was the: ' o i‘

tradition in several aspects. For the f1rst‘t1mesyﬁé put “its logo on
non-1BM produced components —- the printer is an Epson (Se1ko) printer .
from Japan and the CRT is of Zoreign manufacturg. For the first time ’ D
Computerland -franchise ’ ’ -
stores and the newly adnnounced- Sears Bus1ne 4 Centérs. For the first ‘ : ;
time IBM provided non-IBM software; Micro ft BASIC 1anguage, Peachtree A
accouriting software, and VisiCalc. ’ '
.};‘

Response was- amazing -— someh the entry of IBM and Xerox R
1egitim1zéﬂ the ‘small c0mputer ant Data‘?roce551ng professionals and . Co K
senior managers -began to §howvu in smakl -computer retail outlets where -
they would. .not have been cauglht dead a year or two before. The entry of
ade bus1nessmen realize that there was .
something ‘to the business ma11 computer, ‘that it was not going to.go ‘ e

away, and that they shoul) zget out and look seriously-at them. They

4

appear to have done Just/ tHat and the sales.of Apple, Tandy Radio Shack,

p as: well as those of. IBM, Hewlett Paekatd~~~ - :° i

and Xerox.- ‘This chang tiJ‘attitude toward the-small computer . SN "~
marketplace had a poy tive effect on sales; of all sma11’computers.~JThe ; -
extensive advertising dampaigns put on by these larger corporations has . % ‘iﬁ
kept the small computer in the public eye and may well have contributed L e ¢

to this widespread acceptance. By the end of 1981, there were estimated . LJA

to be about 1 million small computers at ‘work in-‘the bus1nessﬁworLd
Our’best guess currently is that an additional miil1on 111 be sold
during 1982 -and that this market will double in the’ next 18  months - to 2-
yeats. . R A @

§ -4

- ’-
. L M-
. \ -
. B b B

New computers for this marketplace are being announced séemingly
every day.’' "At the CompuZer Dealers Exposition, COMDEX, “last November
the Fortune 32-bit computer was unveiled. 1In,the fall of' 1081 ‘the .

original Commodore PET. In January of thizgzgar, Tandy announced the ¢ ! ! 3“
an upgrade kit for thefr S

California computer manufacturers, announced new models that Eit the BSC
criteria. A joint venture between’ TRW and- the FUJltsu group in Japan

writing, Apple, Digital Equipment Corporation, Xerox, and Tandy ‘have all-" ,t g
indicated that they:will announce new products in the late sprlng of ‘ ks

microcompurer industry's first billion dollar/year. 1987 should clear o :;f
the two billion dollar hurdle easily and amglve billion dollar per annum. :

Lndustry seems to be in the cards, for the/, ddle of this decade at the ' ,
latest. With growing educational and. so ial uses for small tomputers,. , / e
with their demonstrated business’ utilig§, and with their pervaslyeness '
throughout our complex society, our Jives may never be the same again.
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. Special Education. Technology Project -(IVSET)-—The project is ﬁaided by a

‘-“ - - - 3 e .t
EA 014 18 ~ -+
A MICROCOMPU¥ER/VIDEODISC SYSTEM. - - : o .
.+ FOR DELIVERING COMPUTER ASSISTED )
INSTRUCTION TO:'MENTALLY HANDICAPPED
"STUDENTS

.7 N - ‘Ron ‘Thorkildsen

’ ‘Assistant Professor -

Department of Instruttional Technology . «
Utah. State University , ) oz

The -hardware and software system.and instructional programs described.

in this paper were developed by the staff of ‘the Interzftive Videodisc for

grant from the U.S. Office of Spec1al Education, .and is currently being
conducted at Utah State University. The primary goal'of the project is to
develop and field tést a system to provide Computer As51sted Instructign
(CAI) for mentally handicapped students.

‘Because traditional CAI methods .assume reading skills they are not
suitable for a majority -of the porulation of mentally handicapped students.
Consequently, it is. necessa;y to use spoken- instructions. Recently developed
videodisc players coupled with a m1crocomputer provide ‘the technology to
de11vef ‘spoken instructions.

~~The hardware for the Micro Computer/Videodisc (MCVD) System consists of

', -a Pioneer Model, 7820 II1 V1deod1sc Player, an. Apple II microcomputer ‘with two

5 1/4": floppy disc drives, & SONY 12" color monitor and a Corroll Mgf. touch 0"
panel built into. the monitor. The videodisc player was sélected for its ré
{rapid, random access capabilities. A typical search and’ retrieval of an o
1nstruction or feedback segment takes less than 1 second. The touch panel :
:1s a light interrupt systeﬁ%that allows the studént to interact with thé ‘ J‘
Isystem by touching the monitor screen. ‘The Apple II controls the system 1o
! through. computeér programs. and. ‘an interface device (slot board). Both weres b
designed and devéloped by IVSET Project staff. The videodisc,systemwconsists /
'of the player and the videodisc., 1In this paper the videodisc system. is- referred

to as the videodisc. The videodisc is the storage medium. I£ has the approiimatef
$ize and appearance of an LP _phonograph- record. It is capable -of storing 54,000
individual frames of video or 30 minutes of audio and motion v1deo on each side.

It also has duel audio. tracks. - .

‘The 7820 IIT player is the industrial videodisc model, which has’its Swn
microprocessor and has rapid randoé access capabilities. -Any position ‘on the
videodisc can be accessed and retrieved in less than 3 seconds. It has excellent
Stlll frame capabilities, and thé; audio and video reproduction is excellent.

-' The system interacts with the student by presenting .an addio instruction and
the associated visual image on. the ‘monitor. -

The student responds by touching thé image of an -object on the monitgr,scre‘n.
When the student touches the screen, two light beams. transmittgggfzom’éach axis
of the touch panel are interrupted, and the point of interruptions. is detectedpb
the touch panel. The X and Y coordinates .are en transmitted to the computer.
The computér program in thevmicrocempﬁfer contains the correct coordinates for
each segment of instruction. The coordinates transmitted by the touch panel ar
compared to thes@é correct coordinates. : ) N . P

l\\ )

g
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A Microcomputer/vV deodisc System 7 - o
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o

-
On a correct response, the microcomputer responds- by finding and

retr1ev1ng a segment on the videcdis- which contains audio and visual )

positive feedback. Other possible résponse conditions: are an incorrect re- -

sponse, and-a non-response. Recorded segments are contained on the video-

disc for these response conditions as. well as. a variety of feedback, 1nclud1ng o

animation and motion.-picture sequences.

Each segﬁent of inétruction has assoc1ated parameters ‘that “specify the — T~ ;

: . number of .times a' student must respond correctly to advance to the next )
N/ instruction segmént. As the student interacts with the system; data are

collected by the _microcomputer and stored on a flgppy disc .by the Apple- -- ~ — “f

isk drive. :

Six instructional programs have b€en deV“ioped*for“use—with—the~MeVB~systenb——————J

to date: (I) Matching Sizes, Shapes and Colors, (2) Time Telling, (3) Identifi-
cation of Coins, (4) Functional Words, (5) Sight Reéading, and (6) Directional
Prepositions. The first four programs have been field tested with moderately
meptally handicapped .students. Programs 4 and 5 are presently being field
tested in elementary resource rooms.

)
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bnofﬁssrownr.coupuﬁnn EDUCATION' ORGANIZATIONS--~
A RESOURCE FOR ADMINISTRATORS

“Dick Ricketts

"Cont1nuous training...is of part1cular 1mpor—
tance in knowledge wori. The very- fact that
knowledge work, to be affective; has to be

- — aw—i—«~«VWﬁ‘uﬂ—_m7~~nue‘_specia11zedfgreete&f‘ need for continuous ex-

posure to the experiences, the-problems, the
‘needs of others, and in -turn, for continuous
.contribution of knowledge .and 1nformation y

others." \ . .
P . R Peter F.‘Drucker;

The Northwest Counc11 for Computer Edncation -expected that as
many as 500-600 people might come to its annual two-day conference
‘this spring. Over 900 attended. Though the -fee was $20, NCCE
clearéd over $il 000. The f1rst Rocky Mountairi Computer Conference
s01d out five weeks in advance. According to Dolan, "One speaker
said that the four teachers who rode with him spent the four-hours

. driwving home- 1n constant conversation about various sections they

had attended, 'He reported later that he -had never -seen theseffoIEg
so fired up; 'They talk more about that meeting andrhow’fhey want
to implement computing in ‘their classes thanfi‘ve heard: them talk

e

in five years.'" ’ . IR

= e
o

=

‘Across:-the United -States and Canada, professional computer
_education organizations report similar results, '.Many of these
groups did not éxist five ‘years ago. Now they .are producing news-
letters, sponsoring programming contests, or part1c1pat1ng in soft~
ware ‘Swaps.,’

* This. work is done by volunteers, many of whom are driven by a

sénse of urgericy. Their reasons for acting through professional.
‘computer education organizations-are in ‘part traditional:

[}

1. Members view their work as an 1mportant contr1bution
to society.

2. Members find a measure of self-fulfillment through
vpart1c1pation. .y .

" Members recognize that organizations: -

a. "Facilitate a more effective cooperation among
- members- of the profe331on.

b; "Promote a more general and methodical dISCUSSIOD
of problems relating to education. -

"Create means- for the authoritative expression of
public opinion.




d. "Make coilective action possible.

e. "Maintain and advance the standards and ideals of
. the profession." (Report -of the committee to form
K the American Ass~ciation of University Professors.)

This list applles ‘to all profe951onal education organizations.
The urgency -computet educators feel comes from the change--the emer-
gence of computer c1v1lizat10n and ¢hange in instructional comput1ng.
_Logo and Pascal are competxng with’-BASIC as ‘the language of .choice.
for teaching programm1ng. New and revised instructional software -
is- becom1ng available faster ‘than it currently can be reviswed. #L,,-
Prices of equipment decreasé and capabilit1es 1ncrease_,ﬂlnf1976,
'$1000- would "buy a computer that stored 16, 000 characters and had
primitive graphics on a black -and whxtedscreen. By 1983; $1000 will
buy a computer Ehat“store§:93,309~characters and has good qua11ty B )
graphzcs on a color screen. \ ’
/ \ . -
chy-plann1ng for or finding money for staff to attend confer-
ences, administre;;rg/show they are aware that computer ‘education.
is becoming more -ifiportant and that 1nstruct10nal computing may ,
contribute greatly to effective schools. Richard. ‘H. Hersh, Associate
Provost, Research, at the University of Oregon has lxsted attributes
of effective schools'

"AmIBUTE ’ POSSIBLE COMPUTER SUBPORT . o

Clear academic and social be- A data base program that re-

‘havior goals, lates 'studént achievement .to
these gogls. . j
-Order and dlsc1p11ne. - Peerﬂpressure to respect com- T T

. puter equipment.

High expectations. . (i) ‘ograms that provide feed- N
’ bac 80 that staff and- students
cah sée improvement

\
2(2) Tﬁe operation of computer ;
- equipment. ' ) A4
3 . | A ;
(3) Programs that facilitate | g
investigation beyond the nor- ’ :
mal -curriculum. " '

‘Belief by teachers in A data base program that pro-
-their efficacy. vides teachers with reports of
~student -progress.
. , 3
Pervasive caring. !Computer programs should be
user-friendly. People care.

Public rewards and in- . "Free" computer time.for students 7;7%
~¢centives.’ ' who achieve agreed-upon goals, . ‘

-

o - 101 . .96 \ | :
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AMministrative leadership.

) = = - —
Community support.
.—/ -

High academic learning
time.

AR g

Frequent and monitored

, homework.
3

%Frequent‘mcnitoring‘of
%studenﬁ progress.

! i e g = a Tn .
scurriculum (and materials)

closely related to goals.

Variety of. teaching stra—
tegies.

Opportunities'for student
responsibility.

,~ //"'
Word proces51ng ‘to communicate
__-more effectively in less time.

before ‘community groups.. )
Inherent in,rqnninggp;og;ams.
Gradebook programs»that generate
~letters to, parents regarding
homework -status.

. ..6‘ -
Reporting routines in -computer-
assisted instruction systems.

1

(1) Programs written or modified
by staff (a time-consuming
effort).

(2) IEP—genesating programs.
Logo, text editors, graphing

programs, etc.. -

Studentawtigtenaproérans for
school use, student aides,
students teéching—agults.

\ Administrators are.exercising leadersth regardinq these and
..many other issues,__Since nobody can specxalize in everything, B
adiministrators need to ask the computer education staff for ideas

and- information about costs,. feasibility, and effectiveness of

computer-related innovations:

The staff in turn -can tap contacts

and information -available through their local, regional; or inter—

'}Ccmputer~fairs and demonstrations

national organizations.
‘have ‘made’ presentations a
vices,

It is possible for educational agencies and profes31ona1 computer
education organizations to work together more formally.

an -outstanding example, h
‘thousands of locations at

If a proposal ig implemented, educators who
t .conferénces can provide effective ingser=

SOFTSWAP,
as distributed hundreds of programs to
low cost. Computer-Using Educators (CUE)

and the ‘San Mateo County Office of Education made this arrangement*

CUE agreed to: ) .

1. Provide guidance

in the selection, evaluation and catalog-

\ " ing of software. ’

2,

ware.

Provide assistance in the se1ection and evaluation of hard-

3. \Prov1de publicity and‘support -through its newsletter and
8. -

members ‘contact




‘. 4 2
i - 4. Provide funds. for the software excharige as needed and as =
... _ _ . approved by the CUE Executive Board. ‘ .
) 5. Seek éﬁtefha‘l funding through federal projects, industry ;
grants, etc. e g '
6, Seek donations of supplies and equipment thréugh contacts
of CUE members with industry. . T
The San Mateo County Office of Education agreed to: '
1. Provide .a central, ‘permanent, accessible and secure lo- -
A ‘cation for the software library. -« c -
* _ . 2. Provide clerical staff to assist 'x}':i,si'to_r‘s in operating
equipment and in dupticating the noh-copyrighted’ pi:dg’rams, -
3. Develop proceduies. for £illing réquests for software
Teceived by telephone or by mail. ’ .
- 4,7 Purchase a ‘lfiti;'i‘t“,éd"“*amq‘unt of CQiNnérciai“fsbftwai'zr selected - ! - —
Y to represent -exemplary programs in- various subject areas.
' i 5. Organize and maintain a catalog of available programs.
- ‘6. Provide professinonal staff direétion ‘for the project. '
(E}Qm ‘the fiepor;t to- the Board;. Saﬁ7 Mateo ‘County, Office -of ﬁt\!ucatibh,
333 Main :St.,, ‘Redwood City, CA 94063, May 7, 1980, “"Micrécom?uter

Center;" prepared by Ann Lathrop.)

: au Each organization is doing what it can do best; and the l;esql.t;x is ‘
S benefitting education throughout the United States and Canada.
. i A o e i
- Administrators may not often be involved in such arrangements,
A th ‘they can: j.u'tproVe‘“:schgclr“cdntipngrly‘by*making use of profes-
A ional organizations. They can ask their staff to show them items ,

in professional publications that address schoo¥“toficerns; they can
inquire about conferences ~Qt-m:e'et:‘ings staff a.tended; .and they can
talk ‘over results when the staff puts into practice what they have.

i learned. Using -professional organizations-as a resource will nake
. administrators and staffs more productive. PR o //




" ~to.K=12 educators. The Association for Computing Machinery (ACM)

A Note About Organizations

Almost-every brand of computer has a user's group, some= ,
thing like -a fan club populated by enthusiasts. Members_eaderly .
offer advice and opinions. regarding: that brand.

E Local computer educator groups offer friendly, informative.
meetings. They are an excellent resource for a person consider=\

]

ing buying a computerffor personal use. s : . |
Three. 1nternat1onal computer organ1zat1ons are -of most 1nterest

is a profess1onal otganization primarily for computer scientists,

‘but they have- an eIementaryLand\secondary schools subcommittee

(Dr. David Moursund, Un1versity“o£‘0regon, Chairman). Local

chapters are often willing to part1cipafe“1n educational projects

if asked. ACM's -address is 11 West -42nd St.; New‘York, NY 10036.

(212) -869-7440. . e -

- . . ~——

g -.._.;_Y -~ -

The Assoc1ation for Educat1onal Data 5ystems (AEDS) is “con-
cerned with both adm1n1strat1ve data process1ng and instructiona
computing. Local chapters place their emphas1s according to the
composition of their membership. AEDS sponsors an annual ‘pro-
gramming contest for students, and -some chapters offer scholarships
‘to high school students. AEDS* address is 1201 Sixteenth St. NW,
Washington, D.C.: 20036. (202) 822-7845. - /

The International Council for computers in Education ‘(ICCE)
is .concerned with- instructional computing and- with teacher educatﬁon.
Organ1zation Members are autonomous, and many are aff111ated with
other organizat1ons. ICCE is the youngest:of the three organi- ,
zations and is growing ragidly. ICCE's address is Department .of e o s
Computer’ and Information Science, University of Oregon, Eugene, ;
OR: 97403, (503) 686-4429. - -

’

Several special1zed and' regional professional organizations
ex1st, and many educational organizations take some interest in
instructional computinq, The Nat1onal Counc11 of\ Teachers of
Mathematics in partigular.

“ o ‘ //(
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o Introduction ) ‘
- - . B = =

.

The development of academic computer science has generate& a
rich literature over the years, however, those of harged with
the responsibilities for programs, especially in smaller-colleges,
sometimes| find ‘it difficult to remain current in all its aspects.
At this t{ime there’ is intense pressure on all of us to implement
new Progrg ms or expand existing ones due to a -equally’intense

] — pressure from .students hoping to enter the computer field. All
Sl 18 18 further complicated by the fact that expanding faculty

7po;itio,- 8 at pest difficult, and even'ﬁhen a"position~is = 7*—4‘:
i ,granted‘ 't ii}nmxt to impossible to f1ll 1t with a qualified in-
dividual. - - ) .

>

e As a result it becomes all the more impértant that we learn
' . from each other what approaches to computer sclence education are
" most effective.) With various professional societies moving ever
: closer to some form of accreditation for programs in compiter
= science, it becomes an urgent matter to have -a good -understanding
3 of the nationally recommended curricula and knowledge of the:
experiences gained in their implementation.
It 1is the purpose of this paper to briefly identify key re-
sources regarding computer science education at small colleges.
~~_  As such, the majox emphasis is .on~the reference list appearing at
~~.the end of the paper. Included in it are significant papers and
eports dealing with computer scifnce education which are either
written by individuals at small colleges, or are addressing topics -
which are of particular impoxrtance to individuals at small.colleges.
. This refere ce list is preceded by a brief discussion—which clas-
. sifies the I terial into appropriate topics.

-, S~ s

L b

‘Ag 1in my‘literature review, there are, no doubt, significant
“omissions. Some ‘are intended, ‘others wére simply missed. ' The o
reader of this report is encouraged to communicate .any thoughts
on other references which’ should be included to the author” -—

- - . ‘
H
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- T ) \ \ Background : ’

A

This regiew will, for the dosg part, consider only materiéls
published after 1978. An extensive review of the literature of ,
* computer science education for the period 1968-1978 ‘has been ‘ ,
. prepared by Agsting,igarnes;tand>Engel (A7). Another key back- = .
ground document.is the compendium of chnriculumumatefiai re- 1
i “cently prepared by the Education Board of the Association for . e
\ -’”‘JCompﬁting-Machiqéry (A" M). .This document includes the significant
, - - —-reports prepared by ACM prior to 1978 as well as some of the more
- recent wbrks (El). There are eight reports. on the following topics:

- 1, |The 1968 récommendations for undergraduate programs in
"f " - computer science. 4 o ‘ - ,

n

2. \The 1972 recommendations for gré&gate-prograﬁsiinrinforé'

1Y

‘atfcﬂ;§ﬁ§¢emsu'

3. he 1973 recommendations for programs'gt small ¢olleges.
3 / “,4.  The 1973 recommendationg fpr-undergradudté programs in
““‘*’f“‘—~*~‘-~u;b~ih£qtmagigg;gz§gem91 ‘
! e T T ,
] 5. The 1978 recommendations for undergraduate programs in -

4

; ) . computér science. - . \

6. The 1980 teqqmﬁgndatiéns for mastgr*éklevel—programs in-

f / *\ = ¥Oﬁ€utérAacience. - . . = ~
; 7. The'1981 recommendations for educational for €ducational -
- . proégamq in }gfqgg;pion systems. » i
8. !The 198t recommendat Lns for associate level programs in
\ . - computer pgpg:amming.

- - .- . . . . . .
As such, ‘this QOCumgnt,geﬁﬁésints, perhaps the most important single
source to supply .-background i+formatioﬂ for curriculum planning. '’
- 4 . . N
y i . : R
- The Recommbndations of the Professional Societies ' >
\ . o ~
The major professional sqcietigs,have‘prepéred recormended, oT
model, curricula of interest. to the small colleges, which may be )
- . classified into fiEe groupings: -

{
raduate program in computer science by ACM (KQ).
Programs in iﬂﬁormaéion systems by ACM (N2, cl2),

3. The undergraduate program in computer information systems ;

l S " 1, The under
| by the Datz\?roceswing‘Manggement Association (DPMA) (Al).

4, The general mathehatacal sciencés program by the Committee

BEab S - on the Undergraduate Program in Mathematics (CUPM) (C6).




5. The undergraduate program in computer scienee and
engineering by the IEEE Computer Society (IEEE[CS) (61)

B
While the IEEE/CS,‘DPMA and ACM reports emphasize major ’

programs in computer,scdencey the CUPM recommendations consider

how computer science fits into the mathematicsicurriculum .and,

. suggests a minor in qpmputer science. . T . S

) " accreditation was addressed 1

There ‘have been a number of"- articles which review, the curric—
“ulum recommendationsv Nunamaker has prepared a discussion of the
ACM. curriculu in information systems. (N3). .An evaluation of the
DPMA model wa:\}resented by Mitchell and Westfall (M3.4).. Finally;‘
there have beén s veral reports comparing "the ACM- Curriculum - n7g" -
with,the IEEE/CS MoQ%l Curriculum. "Among thesg are the’ articles -
“ by Engel and Garcia,(E5; “E&). .
‘i / \ —_ . ! 7 -, A‘ -

The implementations\of these guidelines, esﬁecially as they
welates to the small college, has. been addressed by a number of _
authors. “Among thosJ addressing the implemenEation considerations f:
with "Curriculum 17 " are Fosberg (F3), Miller ‘and Peterson (MlO), )
Dawies and. Gargangfgi (D4), Mayer (M4), ungel (E3), Lopez . (ﬁﬁ) "
Worland <(W6), and Wintich and Petersen (W5). Specific details
on how "Curriculum 178" might impact student development was dis= . _

~cussed in. position papers for a panel ﬁoderated by Dale (Dl)

How-the interaction of "Curriculum Y2 and the Model Curri~'
culum of the 1*EE'E/CS night be used in & curriculum implementation'
was discussed in a. panel moderated by Rine (RZ), and in paperf
'by Mitchell and Mabis (M13), and‘Powell (Pl) The imp&ementation)
of programs in information systems was considered by Barrett (84),
Gérlash and Coroff (Gl), and Swanson, Hatch, Lané and Sondak (°8)‘

- N -

¢ ‘ - .
N 4 / -
Accreditation mechandismg ‘have an obvious relatfon to the ime

plementation of proposed cur%{culum models., The- general mrea of
a paneﬁidiscussion moderated by

Dalphin (D2),~and the’ specific area of accredftat Tin informa-
- tion systems 1is addresised by Gorgone, Sondak and Konsynski (G2)

A
N

. )
Course Related Issues - Lo

’

- A great deal cof material has been prepared. covering aspects
of partf‘plar courses. ~Courses are considered-at all lévels, &ﬁ
the curriculum and the articles tend to .concentrate ‘on particular’
problems encountered and solutlons found. - )

"

The beginning course, Or, courses, has received/the greatest
coverage. Gruener and Graziano (G5) and-Lemos (L2) discuss_ studies
of the first course and the teaching of programming g

Tt




.Seéveral papers consider alternative approaches to the first course.
Stoddard, Sedlmeyer and Lee (S7) and ‘Stoddard: -ahd Léeper (S6) . ‘
consider “the issue offdepth b coverage. Sqﬁiajka and Walch (SlO) o .
discuss the integrationof theory and practice. Dersham (D6) ’
preeents a modular: approach. Bowles (B8) discusses the.mse of e
.microcomputers at this level: -Riley (RI) considers “the role of.* = 7
. problem solving in the first course. More general discussiona of o
“, ‘the first courge are provided by Benard (B7), Behorooz Aand sharms ’

(35), and Meinke and Betdler (M7): e e 0 oL

/Descriptions of the oecond sourse in the curriculum sequence o .
.. are prgsented by Noouan (N1) 4nd Meinke and Beidler (M6), The role ..
of style and good programming practices 1s discuased by Alpert (A4), A -Jni
‘ Roth (R5), and Rohr (R4) .  More general ‘topics are also cpnsidered. /' R
Crenshaw (C10)" discussés team projects.» Milier (M9) conéiders Sl
" methods for fhe evaluation of student work.’ Cleveland (C4) presents R
~-n~nethod~o£*teaehin%~9&o&nanmins_lansuﬁxir; The spécial role of . At
Pascal within- information science programs is_discussed by Merritt
(HS) , ¢ a '
, - »Descriptions of aspects of intermediate and- a&vapced computer
science  courses *{neludé a 'discussion of togls ‘to assist i1 the E
‘ teaching of data structures by Beidler and Meinke (86)., desciiption '
of hardware course by Cook (¢ 8)., and discussion of a machine ~
inddpendént assembler by Luce kLS). Systems programming ‘hag re-
‘ ceived considerable attentign including a discussion of the problems
students of such a conrse m y hsverwhen they leave school by Corniner i
. and’ DeJong (C7), a- laborator o suppo’r't-f the course by Lees" (Ll), .:'»,j
the usé of prpjects in the cozrse by Wadland (W1), and a general | =
discussion by Winner (W4). Rohr (R3): considers tools to be“used
in a compiler construction course. DL .t

N

- Additional courses have received gttention in the literature. K
These include systems analysis and design by Goroff (G3) and Spence i ,
and Groat(SS), Computers and the Law h//koth (R6) and’ Koltun (K1), )
\grsphics by Moore (M15); microcomputer tudies by Lin (L3), firm= T
ware development by Cook (C9), and natural language processing by
Fosberg TF2). Stalajka (S9) discusses the. special needs “for - -
étatistics. in a computeér science progranm, arid Schrage and Sharp B
(S1) consider the supporting computer laboratory necessary throughi .

f 'out the curriculum. ) v

’A& o

"TTKE\ #rgg;am Related Issues /*'
Philosophicil issues regarding computer sciep%u@progfam{ ‘e8-, P 2
| pecially at small colle es -are presented by Agresti (AZ), Brai kett,‘;fﬂu“
- Nestmsn,/and Spees (B9),\Crosland and Codespoti (Cll), Csmeron vt
: . and,xsriaﬁ (C2), Chrisman (€3)-,_D*heedne (D7), Horton (H7), Miﬁchell/
S (HlZ), Mein (M5)., and Sjit (S3). “These ‘issues expanded to- cover all
. . of- academic computing at inority institutd /

4 ‘ -

ona_ are dfscussed by )

2 — _Marshall (M1, M2), Marshall, Aldernan, and Jx
%;/ );’. Jonsl,. Le"13’ -and Hat!h&ll (Hl') L e -
A = : i

=
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‘ . .7
Jedsen, Tonies, and Fletcher (J1).,. and Fairley (ﬁ&) preSeht
descriptions of- an undergraduate progranm in software engineering.
Minors and other sub-majof -curse sequences are ‘discussed by
Linder (L4), Ellison (E2) and‘Ahlgren, .Sapega and Warner (A3)
S /
. The speciar”;ole of mathematics in the computer science curric-ﬁ
ulym -1§ covered- @n a paper by Hintz (H6), ‘and in a panel discussion
. moderated by Archibald (A5).. Additaonal, program relaAted topics
‘inci/de an ccelerated program by Shamara and Behfoyooz, (S2)
wor xperi nce by Dersham (D5),- the wuse of an- adv»sory board by
’/ptout .and Hy ms \G4)” behavioral objectives by Baldwin (B3)., .service
) coursésﬁgy M~¢che11 (Mll),,and the role of structured progrdﬁming
- by Weiner (W3) . ” ! ’ EACHIPPR ==
A ANER | £

i

”

\s dther Material
i ) 3
Perhaps tHe most complete desc r1ption of what is going on is
contained in the ¢omprehensive survey of computing 1in U.S., higher
education by-Hamblen and Baird (H3). This is supplemented by a
) collection of interpretive reports based on:the survey and edited
. by. Hamblen and Landd's (H5). Specific attention. to the data as .
) R P relates to sma11 colleges was prepared by Engel (E4) Lopez,
i Raymond ‘and Tardiff *(L7) also prepared a survey of computer///f
mscience oﬁferings at small coileges. -

i

-
L

evaluation of need. Hamblén (H1, H2) has: prepared comprehensive /
. reports on the projecited demand for computer scientists by states”
3 %,as wellastheprojecte@ supply that is to be anticipated. °Baihes,
= * ,(Bl), and Bailes and Countermine (B2) consider the related ques%ion
of faculty to teach ih‘computer sciénce programs. Codespoti and
\hays (C5) discuss a method for the preparation of faculty. /
/
Additional material of interests inc¢ludes discussions of the
personal computer in the curriculum by Walstrom and Rine (W2),
and Lopez (L6), and programs for adult -continuing -educajtion by
Solntself (84) -and practicing programmers by Danielson (D3).
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) g THE USE OF MICRO-COMPUTERS: IN EDUCATIONAL EVALUATION
O~ S .
- géi’ Mark M. Greené, Ph.D L
o - |
: e : - '
- .l Good -afternoon! It is a pleasure to be here today.

g,

In the present -paper, I wbuld‘like,to sharé with you,m§ exper- '
ience in’ acquiring and using.a micro-computer for educational
evaluation. B :

~

.. For the past 14 years, 1 have worked as an evaluator at the
- ) Nérthwest:Regiona1~Educationa1 Laboratory in Portland. For 12 of T
- those years, I have directed a program at the Laboratéry: which
| - provides contracted services .to-'local school districts, State
ADepq;tmgpgs of Education, social service agencies, collegegﬁand
‘universities, as well as Some organizations in the private sector.
In general, my staff and I provide eight forms of service. The
services include: ’
: ' -

~

<

Third party evaluation -
. g ' Evaluation consultation. - ‘ )
. " . Evaluation training.’ ;
I ‘*\m‘~\\\~ppplieq research:- - 8
B Planning. = - - ’
- -~ Technical review - Co . -
B ‘ Training in the jareas of monitoring and technical assistance
. : ' ~ Accomplishment auditing L L w~\;

. In general, however,'the work has been concentrated in the area
of third party -evaluation. - R

.

i

In o:der\fo-ungerstqnd our program's ihVo;vgﬁent_in micro- -
computers, I lieve that you will need to know something about .our
work load. -

T

§ Within our program, there. are thrée\p:incipal,investigators.
Between us,/ we work on réughly 90 individual projects per year. ':Some -
of the projects are single classroom activities, while others are =~ -
diétrict-wiae,prog;gg;hﬁguoreove;,»the;prqjéctéwﬁié sponsored by a

y T "diverse grray of funding sources such as: .
ESEA ritle I . : '
. ESEA Title IV,
B / Bilingual Education - ’
} . // Migrant Education . oo
‘ ‘SDIP- Title III :
- / Special Education . “
- // )
- / As you .can weil imagine, each of the funding sources mérchgs
.o g to a differentgdrummer. This means that our staff is faced with
"/ individual’ time}ines and reporting requirements.that represent a
P j' considérable challenge., - During the spring and summer months,
3 . //,// R : - . . L - . ) ?‘
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simultaﬁeoué deadlinesﬁfor final reports are a common -occurrence--
‘which bringq.Qs:;o our reasons for using the micro-computer.
3 - »o | -
. LT \

&

éI. Reasons For Using A Micro-Computer

- A. Massive duéntities of Data
As is evfdent, our staff is faced--at any one time--with massive
IR ant}tieSAOfﬁdatg; ,The data may represent fifty children screened
in -a Head Starjt program or is may bg'derived from 700 students in a
Title I program. Our challenge, then, is to accommodate the massive

_quantities-of.data. from varying sources. :

B.- Multiple -Analyses' \;
, \
Once having confronted the mgggive arrays of data, a second
challenge emerges. ‘That challenge entails the conversion of the
data into useful information. Générdily,\ggch a conversion will
require multiple analyses of the data. That is, we have rarely_ -
found it possible to extract the meaning from data after one pass
through the machine. Moreover, there is something about the immgdiate
access to additional analyses tha? is quite éppeg}}ng.
- N -
C. Staff Differentiation P . N
‘Considering- once again the chailenge of large QuQQtitiés of
- data==we learned early on that data reduction and analysis procedures
v can be routinized. That is, it is’not necessary for a single, indivi-
dual to-handle -every data transaction from start to finish. Nor is
it cost/effective 'to do_so. . (Moreover, as graduate students and
\ former graduate students are aware, some aspects of data handling
ﬂ‘ara-md;e appealirig than others.) Thus, one of our strategies has
"been tb divide the data handling operation 'into relatively routine
“7  “chunks" which can be handled by various members of the.support staff.
. ‘And, it is the-micro=computer which-enables us to differentiate
=57 "among staff assignments. ‘ ' R

~

<

. "II. Redsons. For Selecting the Apple
] Aboqt-thgeeayeir; ago, tﬁ!:mic;o;compufers.eptered the main-
stream: Knowing that we would eventually acquire one; we entertained.
s o a number of selection criteria. - )
A, Capacity‘ - - . . -
T . The capacity of the machine to-store data was. the foremost con-
_sideration. Having-previously worked with three generations of -desk
" top calculators, almost any storage capacity whatsoeveﬁ would have
been welcomed, - -

-

¥




-

B. . Availdble Software N o . ;

The availuabi'l'it;y of software was another serious issue.- -quiquq
suffgred through some severe éqftﬁarp limitations with the pProgrammable.
-calculators, we were hoping to find a machine for which useable

statistical software would be -abundant,

' . Ay H
C. Availability .of Individuals Who Could Develop Software fgr the .
- Selected ‘Machine ~ - - . Y AU PR S
Again realizing that pre<packaged software has limitations, we - < el
were interested in selecting a machine which uséd .a. commonly employed L N
language. In this case, BASIC (6r some close derivative) was the - = ~J 4
language of choice. We hoped to be able to useé BASIC since -the use - P
of a ¢common language or dialect would improve, our opportunities ,for S
{a) modifying extant sieat.i,s,gi\e_:_ai packages; and (b) deigglopin_g‘\ne\&( ones. :
’ 3 ) :

.D.  Potential for Linkage with Client ~¢qnpu'te1:s e s

[

. . « - T ' T P Z
"The possibility of linking our micro-computer -with those-;0f / g "‘
clients was a fourth criteria. Our interes’there- was,. aga,/ix}/ba;?‘sed -
on theé'notion of differentiatioh of. tasks. If we could sélegt a - -
machine that was compatible with our clients' machines, then the ) e
possibility for reducing’our data handling ,iqa'}yﬁ_qiﬁ;}}l.““d"_bg# dincreased.. .~ T
E. Iivgilabi“lity of Support Service . ’ a .
A fifth »conSiaération was T1":ep;e.'=§ém:egii by tbel concept of éupiiort'
for the machine. Knowing how difficult it ,had’ been to obtain -gervice

for -exotic, programmable calculato¥s made us keenly /ar@e;ofu..thve- °
se:vl’qe\-supggr-t 1sgye. . N '..‘ : ‘ - . . .
F. - Potential for Upgrading T ' R

- & -0 - - °
In one sense, our experience had beer the same foi: each- of three
- generations. of programmable calculators. Specifically, -even though *

we bought "top of the line" equipment, we also seemed to be buying . o
"end of the line" 'equi_pngenf as well. Once we »th ‘purchas'ed’ an. item,”
it was predictable that within two years, a new.model would enter ‘the. .
mariet. We hoped to avoid that prbbl‘em’ by buying a micro-computer -
with ample potential for upgradihq. -t

<
»

‘G.  Relative fsbabﬂ .
Again, considering the amount of data to be processed. a;‘)‘d; the.
ever conflicting’ deadlines, we were hoping to reduce the data

processing time considerably,over that of. the *desk top calc;ulan:o':":s.,w
R — - . 4 A\ - *
__,xe-/ ‘ . . -' o M N
* H.  Known History/Reputation of the Equipment e, i .
For our brpg;‘gu’n, "down time" is virtually'intolerable. ,We e

simply ne®d reliable equipment. . )

A

ey ~ '




. -sideration, . R
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I.. Relative: Cost’

e -

-
'rhe equipnent selected had to ‘be w:.thin the means of our
Program. : e A -

! .
] , - <

3 .’ ‘neumdinby/cmpatibflity.. .o . = . o 4

Based on &’ cautious view of mass produced electronic hardware,i,,__ by
it seemed. reasonable tc select equxpment that was compatible with! =77
‘other: operating equrpne.'xt within the organizat-on. Thus, the back-up ,
capability»oi.other,mmpzcomputers seemed. to be an mpgrtant con-— / o,

}

Having: ‘established the foregoing criteria, we selegted an

le II. In retrospect, however, 'hot .all ‘of the criteria for
se ection worked. For example, the capacity of ‘the micro-computer
ctore data is a good -peason for getting awd?"from ‘programmable
. iJators,, byt daia: not assist is: in dictinguiching between the
‘ lead ng varieties of micro-ccnputerc. This was also- true of the
(tive speed: criterion. and the cost criterion. Additionally, not
all Apples speak the same language=-26 “he concept of working from
-dsta discs. prodiced by out clients-has had only limited success.
Finally, ‘the cxitérion of available software =4id not hold.up and ,
it became necessary to develop our own. For th‘e* most part, ‘howevex,’ o A
the remaining criteria praved to- be“useful. . S \

III. Preparing to Use the Micro—Conputer ) . ’
‘The. purchase of our Apple II w3 arefully timed, to— give us-,

opportunity to- adopt, adapt ‘or develop some analysis, programs before
our annual data crunching festival. Ag# it turned out, our estimates
of the amount of preparation time. necessary were only off by’ about
. a year . . . . -~
In-general, we found. that the .available data anaLysis programs
‘do just that: they analyze data. Our needa, however, were for o
programs that would accommodate .a certain work flow. ‘That work flow > 5
(See Figure I) entails some eight er. ten stepc..

-The. work flow begins with- (1) planning‘&or data collection, (2)

" collecting~the. data, (3) reducing the data, (4) entering “and verifying
the data, (5) moving or selecting th/e/ data, (6) conducting one or

more analycis, (7) moving ox eelectmg the datax again, (8) conducting
additional or parallel analyc'u, (’9) interpreting the results of the
analysis, and:. (10)" reporting the results. - ) J

-

1

'rhe challenge facing our program at this point had seven elements' .

a., To create a file syetem ‘which- c.ould accommodate diverse . /
A dat&’ records; ‘
. . . ' _ / '1 k:'. ’ -
b. To develop a d~ta entry and editing procedure; ; . ;

c. To develop data movemant programs;




d. To deveISp programs for routlne analysls,
3 6* N ‘e-‘ To test and certify the programs; S J
;’1. A , £. /Td‘tfaih Qur_staff‘to use the system; and S
§; . g. . To u;gradg ‘the programs perzodlcallé. . _
e ,«&;,, 7;; R w__~.J3s‘s.en.t;.a11y~,~r1:h¢a_rie_\ze1o;:n:1;nr..eﬂim;t:,t-,oo;e 14 months.- Mymtask wWas

to define the structure and the specifications as well as to test
the resultant effort. Thé programmer's task was to develop and- up-
- .grade tpe various routines.

3
”

Lo - .
The overall effort, then, -was far larger than was ant1c1pated,
but the result 1skghgata handllng ‘system that meets our requirements:
There are, however, a few limitations to the system. Such limitations

N,

. include:
2 a. Ehe 1ength of tlme requlred to tra‘n new staff to use the
3 ‘ ’ system,' '

» b. An inherént limitation on the slge of the sample which can
» ‘be. accommodated (about 400 casesy -and

’ .c. Data entty ‘time based -on keyboard or keypad is still the

slowest part of thé operation.

£

. g e e

In -general. terms, however, ‘the mlcro-computer represents-a:
versatzle, timé-saving- tool which .has ‘enhanced our erforts in
evaluating educational programs '

rd

-~




e RGWEL - _,,__\
£ HOW THE MICRO-COMPUTER FITS THE WORK FLOW ]

e

1, PLANNING FOR DATA COLLECTION/ ™
) . .' ~ . I \ e

TaN 2,  DATA COLLECTION

3,  DATA REDUCTION

-\ 4, ~DATA ENTRY AND VERIFICATION |

\_5. DATA MOVEMENT -

\ 6., DATA ANALYSIS ~ --=Use oF

3 M1cro-CoMPUTER

7.  DATA MOVEMENT

\

- \' o © '\ 8. DATA ANALYSTS -
i * 9, . DATA TNTERPRETATION

10, . DATA REPORTING

o 3
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* THE MICROCOMPUTER IN THE -
HIGH SCHOOL SCIENCE LABORATORY

Michael R. Haney

~

L e
P

-— - <be-no-exception. ~As the price" and " ‘capabilities "o

<

-

‘Sciencte and technology seem a natural combination.
Technology is a. product of science so it seems natural to use
.technology in. science. Scxentxfxc research’ at all levels is
dependerit .on the technology a:a;lable and schools wouj

‘computers
ibecome even more attractive; most educators agree that computers
will be thoroughly 1ncorporated into éducation. How/ then will
computers change. science education? Thit, fundame al question
leads in two different directions. Both are important and they

d- appear to

are 1nterrelated but -maintainifig the d1st1nctron s crucial to
using .computers in a meaningful way in science educa ion. It is
this distinction that forms. the foundation of thi project and
the reason it was begun. ’ - T

io;athe-f@ce“o£4@odgrnmreo,'
steeped in anachronyms like t

It has -become populargggitodég;adethe prese t curr;culum
y--as 'sabre toothed -curriculum”
"QWERTY" typervriter. It.may be

_true -that ‘the present . cur 1cu1um reflects: limitations that

. ex1sted ‘before the: computer,but -the: solut1on is not simply to
incorporate tHe computer wherever it will fitnicely into the
-curriculum, Educltors are at a Tare point in. the evolutxon of-
education. They an now re-exgmxne the fundamiental
educational systéewm: is built .in l1ght of new tgchooiogical
capabilities. that let many of the restrarnts thit have - become
-port .0f ‘the educational -culture. Narrowing the view to Just
-science, educators.can now ask, “"What is science? aid "What do
weé really wvant studentl to: learn in sc1ence2" /

‘Pro%iding Tools for Teachers

Any cc1ence teacher who has wogked in af science researco/z

lab; poss1b1e -dyring vacations or while a stude t, ‘was -probably

#truck by ‘the différence _betveen: ‘what’ goed on in scxentxfyé‘

reseirch and vhat :goes on in the hrgh 'school. In resedrch’ there
are real problems to solve scientifically. Experiments must be
wdesxgned, tested at every stage . -and predxctxrns made of/ the
outcomes. A rgfrnemeot process .goes on continuously. to narfow in

on the results:; The researcher must always [know the limits of -

‘the measutement and their effects on thé results. AAfter a
hypothesxs is ‘tested, it may lead to oddxtx nal’ hypotheses and
éxperiments., . Finally. the reésults must be co 4un1cateé in- such a
fashion that .thers will understand .the result and /the process
bhotaproduced them.

A reiearéhgraﬁoor_hovo certain skills t carryiout science.
The ability to calculate, ‘measure, ‘ex r polate, design,

121.126,

s on which the -

.. g £
S 2 5 e T




", .

R *
” s S T

£ -
i

communxcote, construct models, research the literature, reason
! verbally and spacially are just a few. of the essentiilo.f The
researcher applies _all of these vith imagination and intuition.
There is simply no. lab book with a recipe to follow. -

&
Now consider the high school lcxence classroom. Among other
. things, there is generally a heavy - "dosagé of listening, book
— research,_hlatorymofﬂecxcnce+mgmulat1on and demonotrat1on. Thése
e . "-are -all in_-addition to laboratory experiments and problem solv1ng .
T © exercises, National Science Foundation studies reported by Weiss
indicate \that . only a mallport1on of science ¢lass time is:
actually spenton experimentatIon. - Apparently,scxence teachers
do .not  see student experxmentatxon as a mAJor prxor1ty i
Jcience. The reéasons are attributed to lack of readily avaxlable
equxpment, prepackaged and ready-to-go. So it seems that in
science classrooms, for .whatever reasons, .more time is spent
teaohingsabout'léience than dorng science. °

Our*profess1on is “now in a unique situation where we will be L

7Lf““”" able to do vhatever we are trying to do much better and  iore : |
T efflcxently thanks to technology. It is important to decxde f1rst ’ |
- what it 1s that we vant to do in science classrooms. i .

This proJect is based on three premxses' ST )

% e ' ) ‘ ;

. 1. Sc1ence is. primarily the process of examxn1ng,
modelxng,,and understanding nature.

Ay

-

. ) 2. The best way ‘to learn science is'by doing = T :i.w B
‘ . science.
e - 3. Computers can be a. fundamental tool for doing
: science. Tee e L e T

1 do not underestimate the importance in teaching about

. ¢tience or in teach1ng ‘basic science skills, Yet It .is important ’ T -
to. integrate -some real science into ‘the science curriculum so _ . o i

: students can enjoy this : C T ' :

R ) .

v ’ ...adventure of the hHumam ser1t...an‘"1rt13t1c

ot - entérpr#oe stimulated largely by curiosity, served
largely by disciplined- imagination, and based largely .

on faith in the reasonableness, order and beauty. of the

o, unxverle of which man is a part." (Weaver) ‘

The 1nterrelated”roles, must . be understood to appreciate the . .
importance of -each. '

The Role Of the Microcomputer

The computer can play two different roles in the science
classroom. These .can be related to how we expect students to
gain knowledge. Underotandxng this distinction clearly ‘shows the )
purpose of science education and the focus of this project. The ’ ’
first role for the conputer is as a teacher. The second role is ‘ -
as & tool for accessing, representing and creating knowledge. o

-,w

H ‘ . ; ,

10 12 .7
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Both roles relate the student and the local knowledge. This
local knovledge includes the collectxon of skills, 1nformat1on,
and abilities maintained at the school. ‘What resources are open
to “thé student  depend on in part on the library or text book
.selection, ‘the materials on hand, the portals to the 1larger
knowiedge bases (the outside world such .as TV or radio) and the -
selection of staff. Together these fectors make up- the knowledge

-

rhst~as_avaxleble—locnllyuto-the student~1n~themschool~~the~locsr—
‘knowledge base. .

—In—its role as teacher, the’ -computer - taps -the .local
knowledge and .delivers the 1nform§tton to the student. To
implement such a system, educators ask such questions as "How do
children learn?" and "What. should. they know?" and "Where can they .
get ‘this khnowledge?" Care is ‘taken to select .sequences which are
seen as worthwhile and efficient. #‘Students are rewarded and
reinforced “for the knowledge they ga1n. If done well they
devélop verbal, reasoning; and spac;al skills., Computers are
used in this role through CAL 1n tutorxals and Drill & Practice.
Simple s1mulat1ons which have set ‘purposes and predetermined
learning outcomes fall into this catagory also. Special
languages arée ava1lable, such as PILOT, to help teachers .author
such mater;als.

;

In 1ts role as tool, the computer helps the student 1nteract

f»‘thh -theTocal knowledge*base. “Edycators  would ‘have to ask such-— . =~ - B

questxons as "What must children be able to do?" and "How can
- they. _use. knowledge?" and "When should they use the knowledge’"
Students would “gain -the abilities . to access knowledge, to
represent knowledge in models, and to create new knowledge.
Examples of the computer -in this tole include- - Dendr1te, an
1ntell1gent "data, base for science, MAMMO, an open-ended 1nqu1ry
srmulat1on .and laboretory Input/Output.

There are: 1nherent problems with using ‘the computer in ' this
second role. To use the ‘computer as a tool, :the students must
f1rst master the basic: skills of . science: . The- computet as a

' teacher may. preceed the computer as a tool ‘but it should not
-exclude this second Fole:—Where cons1dereble time and. money have .
- ‘been devoted to- produc1ng good ‘computer-- teachers, very few
resources; at the -high school level, have been devoted. to
producing good computer -tools. The reasons for this are
extensxve. Fxrst, it involves rethinking what we. mean by
sciénce. Second; it requlres an. open-endédness that is not
normally associated with . ‘sgience classrooms.” If all students are
doing the -same lab, look1ng for a pre-known result, can this be
considereda science expenment7 On -the other hand, can we
expect - teachers to- spend hundreds of extra hours preparing
individual projects? This léads to the third reason. Teachers

‘need: ‘the tools and the prepsratxon to cope with. real science in
the scierice classroom even if it is only on a part-time bLasis.
The computer’ should make -experimentation much more mean1n;fuf'and
manageable, but many .teachers are not yet prepared t6 use ghe
-computer 1ntelltgently. . . N

N




That then is the focus of this project. It is to provide
teachers with a tool box. Th1l tool box should be verlatxle,
conposed of fundamental parts, and durable. This project is
intended to ptovxde teachers with basic tools for using the
computet in the science laboratory. Along vith -each basic tool
is -am explanatxon of how the tool is intended to work: A few
basic demonstration pieces are done with eoch -enough .80 that the

"the*pot:1b1ttttet"*tumpIe"appitcattont»tre—iheiuded ready for use
’ ° » in-the lab, ‘along with :suggestions. for -other ways the tool can be
used. The emphalxl is on the incompléteness of the desctxpt1on.
‘Unlike the tradx;;onal "toolo" ‘handed to. _teachers, these are as
. -~ -diverse ' as. the teachers themselveo and” :hould f1nd app11cot1ons

as numerous as the word tool 1mp11el.'

The .aim of this ptoJect is: to make teachers intelligent
uséers of this technology so. they cam, in turn, apply it to their
classrooms. E1ght modules were designed to ‘help them foster
science experimeiits in ‘the _high school laboratory. Of these,
three "are completé "and. several others are almost finished. These
modules are interlocking. By that, I mean they share -data in a
common: forﬁ,. thus deriving the benefits of the featutes of all
the .modules. Teacherl' -guides ‘have been written for the
completed modules. _ Both complete examples -and a short list of
suggested applications in traditional high school sciefice courses

) are included with each module. It is: hoped that the actual
©T T T spplications ~tédchers. find -will go ‘far--beyond :nythxng I have
designed or even 1nag1ned These modules will be tested in- over

a dozbn ‘high schools this year.

g8 the ‘emphasis on the user making the cr1t1ca1 decisions.
: Accordingly, the automatic compensat1on for data vhxch a computer
could easily manage ‘has' been minimized. The user must ‘decide the
durotxono, ranges, data types, and method of repreoentxng data.

el

" Modules _

?

Module 1: Inttoductxon and Overview. This is an’ intfoduction to
.-~the entire system. It includes. the‘phxlooophxcal
groundwork nhecessary to put the modules into

. perspective, Aloo, the interlocking data features are

G e T e explained, utility programs are documented _and

. relevant resources are lxlted

4

: Module 2&~8crotchpod and Convgroxon. The colculotxons done in

| - many science experiments are tedious. The time

é L . requxred often exceeds the learning payoff for the

L uset. This onit is structured-around-conversion—

E formulas. Some are built-in, more can be entered by
the user. Each ‘of -these conversiohs can be used to do

E colculotxono requxrxn; a single variable or to do .

: complex calculations_in-‘a table foim. For exlmple, the

f -, déer can bu11d a table by selecting the headings for

' iog '

tedcher can picture the versatility of the tool. Then to show

L An important. consideration built into each of the: units is




each of the columns. These headxngs can come from

_stored: files on disk,’ simple sequerices begxnnxng at any

integer value, hand entry, or -calculation done by a

" conversion formula. The columns that Tesult from

calculations can be based on any (or lll) or the
previous columms- or the totals or averages of Chose

. columns, - . ' ‘ j

Module 3:

Module 4:

“Module 5:

Hodui!"ﬁ,

Module 7:

‘Module 8:

. /
Data Acquisition. For most uses, this unit requires
additional hardware, an interrupt timer and ‘an

“interface -box. What is necessary can be buxlt the

plans are included, for under $20. With this, the user.
can read in- data through a paddle or button port at
timed intervals or-when trxggered. ‘Data can also ‘be

‘hand entéred or read An from disk files, The data can
then be dxsplayed as a Cartesxan, log, or hxstograph.

g

»Brror. Data can be entered from other units and

analyzed according to the standard methods. -

¢

Data Manxpulat1on., Although this combines the features

of several different modules, it allows & wider range

of features than were possible in the others. ' This
1nc1udes specxal graphs like polar and log-log as well

a8 curve smoothxng features.

Filing Cabinet. This' reptesents -a method of organizing’
information so that it can be updated and accessed
readily later. Included are three searching ‘$chees
and a - crosr-reference table between storage methods.

‘Control and ngxtal-to-Analog Conversion. Wxth ‘this
‘module, the user will be able to output control or

sound signals through the annunicator ports. These
signals may be generated by the xnterrupt clock or from
stored data. ) o \

Data Based Informntxon Retrieval. Undeveloped at this

‘time,
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THE MICROCOMPUTER: /i\ CAREER INFORMATION MACHINE?
’ :f‘ .

by !@;ichael J. Neill
University of Oregon

' ‘
Information is a resourceJ For those who can afford it, it is .a
resourcefthat can descrihf the present and reduce the uncertainty

~

\
N

.—..about. . the_ﬁuture,lﬁpike yther resources, 1nformatlon has value,

i

For centuries, governments, armies and’ individuals have bought,
sold, barteréd and consumed 1nformatlon. Those with accurate
and timely information fave been in good positions to .control
their own fates. .

A democratic soc1ety has a stake 1n making 1nformation w1dely
available. The choices people make. based -on complete and

. accurate information/penefit both society and, themselves.

| Like any product, 1néormatlon is produced ‘from raw material. For

this product the- rap material is data. Sometimes few data’ are
required to- produce information; often many data are required,
Crafter ‘who--produce information must apply careful thoughtful
and systematic an &y51s 46 the -data they use, _
‘Qualityvinformatyon is: the product of good data and/or good analy-
sis. Where data’/are sparse, analysis must be excellent to infer
patterns. which escrlbe -or forecast, “The characteristics of.

quality information must include:

/ .o

- accuraéy. Information- should adequately describe current
Hreality. w

- relevance. Information should be‘personally useful and
be presented in an understandable format.

- timeliness: Information should be received at a<t1me
whi¢h will make -it useful to the consumer. ]

- availability. Information should be- located in a: place
that is convenient for the consumer -and the retrieval
%rocess made easy.

Effective use of information is-as importanpt as the quality of ‘it.
Teachers, counselors, librarians and ofhers teach. people ‘how to
utilize information tools. One author blames the failure of
information systems in organizations on the lack of proper train-
ing, and involvement of users.:

For’ the past twenty years computing ‘has made possible the delivery‘

of ‘data. 1In a few areas where information is’ perishable, it too
can ‘be delivered by computer. Computer microization is seen by
many as the tool which will dramatically alter the way in which

4

! — 2 )
‘1. Lucas, Henry C., Why Information Systems Fail Columbia

i
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informacion is disgeminated in a technological society. }Electron§§§
_publishing or the new "information industry" will be in the busi-~
ness of delivering information to consumers in a manher which wil
pay for the relatively high costs of production/analysis. -Suc
ful enterprises will -be those which focus on quality information‘
--Consuners will soon see that poor information delivered on the
latest technology is still poor information.

Models for delivery of quality information on. large or mini time-
sharing systems have been .in place for years. ©One such model is
the Career Information System (C18). housed at the University of
Oregon. . Thé Oregon Career Information System delivers local labor .
market and educational inform~ to over 400 sites in Orégon. ~
In addition, .National Career .. mation System assists seventeen .
. other- Operators~to produce and delivery guality information to
their constituents using similar software, training components and
methodclogies: - 5

The C areer Information Syatem (CIS) ‘has_designed a system which
delivers intornation £orscareer planning purposes. Research shows
- that people planning ‘careers require an—accurate description of
the labor market most relevant to them: In addigion, they requiré
information about preparing for a career, educational or training
opportunities, .schools offering these programs, financial aid, and
- even. infornation on where to get more information. CIS pulls
together occupational and educational data from widely scattered
sources and produces-coherent statements for thé consumer,
Although ‘some good national data are available, ‘most labor market
and educational data are produced at the state and even the sub=
state ievel, Consequently, CIS 'is a model for deliverying infor-
smation based upon current, accurate, locally relevant data.

‘The infornation put into the system is derived from data collected
and ‘analyzed from sources as close to the local labor market as
~poesible. Trzined analysts review hundreds of .documents for the
purpose of couprehending ‘the- dynanics of the labor market. These
analysts then write about occupations in easily understood language.
Each occupation in the system is reviewed at least annually. Many
pieces of information are updated as soon as the data are made.
public. sinilarly, information about .educational programs and
-institutions are reviewed annually by trained. analysts on a schedule
_ that coincides with the changes made by the institutions. Sources
-of data- are. referenced catalogued and updated frequently.

.In addition, intornation ‘can be frequently {pdated by distributing
tapes, disks, or Other machine-readable information files to
computer centers which operate the systenm. This update insires
that -some degree of information currency is maintained for users.




\

e The components of CIS have been des1gned ¥o access computer stored
. ’ information via teletprQter terminals and microcomputers or

through a needlesort system with printosuts .of the System's infor-

"~ mation bound in ‘bodk form. By storing &nd accessing the System's

information in a computer system, the information ¢an be easily

] .. updated. -Computérs alsc allow -thé flexibility of/access1ng any

3 . ' component at any time. - -

The information in ,a CIS is délivered either on computer systems

or in a manual. print or microfiche format. -Computer delivery

.allows users to randomly access.any piece of information. and to

- —_ sort quickly- through -occupatiocnal titles that match :a user's

‘ v ~_interests and abilities. In a sense, computer powér allows the
user to simulate aivariety of labor markets that might require
his or her unique skills and interests, The details of individual

. occupations withinithat market are available by typing a few

simple commands. computer delivery has been found to bé attractive
and’ motivational for both youth and adults. In every survey of
CIS users over 80%' report that it is easy. to use, x(

Occupational and éaucational information are integrated throughout
. -CIS. Consumers -are ‘never left at dead ends in-their' search for
5@ ] personally useful information. Relevant information is all in one
S easily accessible place, not scattered thicughout a variety of books,
pamphlets and catalogs. .

~~

. Proper training for users is as importart t ad the information review.
- The history of many information systems in education and other
public™ agencies suggest that users must see the benefits of using
a system in order to justify altering current couriseling practices.
2N CIS actively degigns, promotes and implements a program of training
. for personnel at all sites which use the system. In such training,
L ugers are taught effective -use of a powerful system,

b Some of the major components of the Career Information System are:

QUEST -~ an inttéductory questioﬁnaire‘that allows ugers to
identify occupations that would utilize their inte&
. - aptitudes and personal preferences, .

. . DESCRIPTION rI - 1nformation on occupations that represent
] ) * * lover 90! of a state'Sfenploynent. Users may access an occ-

S upat;onal‘aescription and receive a 300 word description of

: YJob duties, working conditions, wages, hiring requirements,

;and employmentprospécts, The deacriptions .can be localized
I>to specific labor markets withfh é'state;

BIBLIOGRAPH! PILE -~ information about the most pertinent
publications f?r each occupation in.‘the System.

.. VISIT FILE - names of local people available to discuss
o their respectiﬂe occupationu with interested 1ndiv1duals.
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S PREPARATION FILE - a gstatement for each occupation!in the
e T . ‘system that includes ways fo prepare for the occupation; 7
- ' - 'skills needed, liceneing requirements and a cross-refere}\ce=~

. o appropriate poetsecondary educational treining,) :

PROGRAM PILE -~ information on postsecondery educetional ;
prograns and a description. of degrees offered, specialties, -
) . : ' program objectiveswou:ggamand a lisﬁ of schools in the

—— .- : state that offer ‘the program. ST '“”/“
A P : SCI-DOL FILE (State) - information on. all two-and-four year

* : colleges and licensed proprietary institutions in-the state,
Users-may compare schools selecting the information they
want from a list of over 70 different information topics.

f
- “ SCHOOL FILE (National) - information on all four-year schools
3 in the Uriited States. Users may compare schools by selecting
\ informat ion. they want from a list of ovdr forty information )
S , topics. -Users may also sort and pzoduce lists of schools “\
3 ) besed upon selec‘ed characte:ietice of the schools: ‘

PLANNING. SYSTEM PILE = infonetion presented. in greater
detail for administrators who-plan training: pzograms ‘and
economic development strategies. The file includes .
— ___program and occupational data, lists of major employers -
! - and: refe:encee to major data and nethodological sources. . -

CIS is an information system that utilizes the computer as a delivery . =
mechanism. CIS is not a computer system or a’ piece -of soft\rere. &

~ . The information is.delivered using conventional. technology ag well

) as computers, Of prime importance to information systeh designerd,

A .. 1is the quality of the product nther ‘than the: lophiltic stion of . thé\

= medium,

\;\ '

Publishers of printed intorntion often are forced to sacrifice some -
measure of quality in order to market their product to the consumer.
Encyclopediae, for exampleé, are marketed to individuals, but soon * ]
lose currency and accuracy as the original books becone -dated;
Annual. updates are not integrated into the body of the book and
ot make the product less useful. Libraries buy more.-expensive esoteric
publications. College guides, business directories or indices to ,
- periodicals are common reference sources in librariee, but are 1
N typically not found in homes. The information is less available for .
- E individuale, but otherwise meet criteria for quelity. ‘ : T

Pubhsneu of electronic information will have to meet the challenge

“of producing, distributing and training pecple to use quality infor-
mation, The microcomputer haz opened up a new market for mail-order

or retail outlet information’ ‘systems. Once several technical and ..
<and legal questione are resolved, the distribution of in n
on microcomputers ‘will offer several edventages over printed copiee
of the same thing. ’ .




r e oy w7 NN &
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3 These advantages include: = - - B
- . IR Updatéd'mater.ial can be integrated into t:l;xg -6léctronic
v T data base:. Updatés will prodice new files rather than
T\ - - appendages to existing files, t }/ *
SN d g 2o Ij;fotmatidli; ean be:cé’gmpanied b§ source data g_@_ﬁ the -
3 \\ \ %' programs tc_:‘«manipgg;ét;e thei. ’ T s
L - \i : ~~»3*,;‘I_r_f§g;act;iv§» modules can instruét usefs on how to effect-
. . ively utilize. the information.| Sach modules can accoin- -
pany .the data.base. i
3 4. Information can be actively. diépi;ayed in_a variety of
N ways, including simulations, g aphics and. animation *
f. | - «techniques. o R . : \
: ‘ . 5. Microcomputers can ‘help to reduce-the cost of delivery- .
e ing information, -Existing systems often only trapsfer R
- L . . the cost from one budget to another.. - - - * L
. . ' - 6. bsérs 'will control the- flow of 'ii'xfor‘méﬁioﬁ ax}d’zc“a}x L
43 ’ . ~ select items. based on attributes. coded to their inter-
< _ ests, . ’ -, - .
The microcomputer is becpming-.acceptgé as/jgn information medium..
It'may someday nieet the expectaticns people had for television and
print publications as vehicles for informing the public. Perhaps
it is too. early to tell whether the -microcomputer will become. an
information machine as well as an entertainment machine. It's
ptesence in ‘the home, however; would lead one ‘to beligve-that it's
users will become more adept in its use and: will demand- that. infor- " .
- mation.-delivery applications. be sophisticated and of ‘high quality.
~ - . - ) Q‘ ) it
. ~
,- Q rJ A R ’ ( ‘_(_*.‘
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COMPUTER ASSISTED PROBLEM SOLVING IN MATHEMATICS

T
- e

" DonaldT. Piete -

are strongly a.sociated with
, mathematics and mathematicians. This conneétion stretches back in time:
S to-thevery:beginning of. the:concept of niimbers-and nt_l\eir*fre'pgeéentﬁltion*by
v a physical thing < from a pebble, .to-a: bead:on.a Wire, .a mark op/ a piece of
paper, ‘the rotation of -a. mechanical ‘wheel, to the state of an electrical
relay, a vacuum tube, a transistor, and, now, of-an integrated:cireuit on a
single slice of :silicon. This:alliance betwéen-com puting and-mathematics is
. : . ~-very real. Eminent.mathematicians-occupy critical positions on the list of
U - men. and-wonten who have contributed to ‘the advaricement of automatic
S . ‘calculating machinés.. Blaise Pascal —:’iﬁvérgtedethga(irst‘ machine capable
) of ‘performing arithmetical functions; ‘Gottfried: Leibnitz — created: an
- - Ingenious way'to:perform multiplication and' division-mechanically; Charles
’ g Babbase — devised the Analytical Engine, ‘gerierally recognized’ to be the
o first programable computer; Ada, Countess of Lovelace — worked with"

To the .general public, _computers

3 Babbase, ultimately creatingthe -complefe specifications for his general-
> .- "7 purpbse computer; Howard' Aiken-— originated the'idea of using magnetic
e - relays.‘to -construct. a gerieral pufpose computer;  John ‘von-Neumann —
-contributed the concept of & stored program, .a major step -in, the
development of .compuiters; Stanislaw Ulam - invented the Monte Carlo
‘method.for finding :salitions to mathematical: problems:by:random-sampling’
- with a computer; Johri Kemeny — co-authored the ‘BASIC -computer
" language; Patriek Suppes.— pioneéered the development, of CAL John-
McCarthy — developed the LISP'language; and:Seymour Papert — directed

rofiically, the obviouis .computational power of the computer has led
to some-confusion about its use in the mathematics classroom. 1t is not
=Tuncommon to-hear argum énts-against the use,of computers.in mathematijes
which: are:based:upon-the fear that students will no-longer ‘need to-develop

« ‘computational ‘skills if @ computer "can do the work for them." At the
other extreme, some teachers -enthusiastically -endorse the 'use of
computers:-as a tool to individualize the teaching of these computational

skills. Both views-place ‘a heavy emphasis on the computational aspects: of
. mathematics. But’ to mathematicians, the computational power of the
computer has always been viewed as a. service to theprimary function of
mathematics — problem solving, A ¢ommon;thread running throughout the |
work of the: mathematicians who contributed to the devélopment of
; ‘omputers is the de _;S&;;.’rel,egéte ‘to a machine the Bookkeeping and
) g}" ~omputational. chores at-impede the creative work that humans-do best —
- © % solving:problems. -7 .o

ot . B
FET

1
[

-~

: Problem Solving -~ Today -

. pr v N
Teachers of mathematics recognize the importance that problem
solving plays in: their field. In its'recent report, Agenda For Action'[l], the
. National Council of Teachers of Mathematics identified the improvement
of problem=solving skills: -as its -primary -objective for the :780's. In a
separate PRISM study (Priorities in School Mathematics) (2], problem
-'solving = the-development of methods of thinking and:logical reasoning—;

¥ !
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subtraction, multiplication:and divisior
+ these computational skills that almost no time i$ left for actually solvi;’lg‘

v-’ ¥ -
A B B A

] -

objective in-the-teaching of mathematies. -

A;Bu.t. in reality, ;tudents'—g;end' nlga_r‘ly, all of their-time 'todtiy»'géiting:
ready for problem solving.: The ﬁr;st six years of mathematics in our
ning the .Xou,n. basie functions:  addition,

schools are .devoted to lear

. \So much-time .is-spent mastering

problems. ) . oA
i . ]

- - {k ! \ 3
The use of- computers in tr{ classroom will -bring, in the next ten
years, incteasing pressure for change in the mathematics. curriculum.
Specifically:. . 7 T ey

1), Computational sctiVities will be handled more and more by the
. !I .

iy :
) Mathematical program

‘book, ‘Mindstorms, P

“was idintified by 95% of -the teachers responding as the most important

’ computer. |
’ 9)  Software packages that extend the user's ability to investigate non-
. routine. problem ~solving situations | will replace many purely
e compttational exercises. \-\‘\\S’ . Lo
' 3) Programs that place students in problem. salving énvironments in_
- which they can set paraméters and:make decisions: while a:computer .
- teveals the -consequences of ‘their actions will :become part of the -
- - curtieulum.. - E o] D '

& v e d - l""u = Dy
. ‘them -on .a_computer — will b
ma?hemgtics«cwric’ulmi). ;‘

ecoine an accepted par

In general, »iﬁe‘~nvlﬂ-i§ﬂity?‘of‘fin¢perbiil9:r’ﬂic,roc,dmpute}s will.make

-done. : e
: ) - / L |
R PR

-

t of the

it .possible for students to use a computer ‘as- a_partner in the problem |
solving process, In.some areas of. .the\{;’Uniteqﬂsg‘ates this is already being |

. ; ‘ ‘ .
'’ Ovee the past ten years, Seymotir. Papert and his collaborators at

M.LT. have been building a ‘model fof .the role of the computer in the
‘classroom-very-different from what is commonly:seen today; In his recent
apert describes his fundamental departure from the
Pl'“e[\ts ) . ~\ } i ’
"In-many schools todﬁy, the:phrase 'computer-aided instruction”
means making the computer teach the child. One.might say

the com?ler?hib’dq used to program the child. In:my vision,
. the child- ams: the computer ‘and, -in: doing 8o, acquires a

‘sense of mastery over a plece of the most modern and
powerful technology and establishes an intimate contact with

some of the deepest .ideas from science, form:mathematics,
N and fromthe art of intmwtud‘médelfbMIQng.":lﬂl

i
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~“  The key to making this happen, accordmg to: Papert, is demgmng

computer- languages, #so that learning to-communicate with them. can:be a
. .natural process, more like learning French by living in France" He
e compares- learning mathematics ‘in- his computer assisted 'Mathland' to
learning French'in France. s

i K

,Papert designed the LOGO language as -a first step in creatmg a

computer environment ‘in- which young -children could learn to use
computers ina agnifxcant -and 'masterful way. He convmcmgly illustrated
in-his book:that: programming in the LOGO- ianguage is "childs-play."

The significance of Papert's work lies not 30- muchun the developm ent
‘of LOGO -or the fact that young children can easlly learn to:speak-in that
- language. - What is -more important is ‘that ‘Seymour Papert, -a

‘mathematician = a-person deeply" interested in how people think and how
they learn to think — has charted a. compleétely new.: direction.for-the-use of .

computers.in the mathematica classroom. In the computer based learmng
environment, 'Mathland,' that Papert .creates, students learn problem
solving and mathematical concepts while -programming the computer to
carry out a certain task. Thus, students learn how to control ‘a new
intellectual tool, and:problem solving becomes a natural and- mtegral part
of mathematical training. This is a. radical -departure from the traditional
‘ "programmed . learning" role that hias been associated with computer
-education. The LOGO project follows instead the wisdom of the -ancient
‘Chineae proverb. S .
T hear and I-forget
» ] see:and:I-remember,

: _ as.an: understanding of: - e

IdoandI“‘d”"tand. | S
'hatCanTeachesDoNow .-

\
i

: What was done in- the LOGO laboratory ‘by- -Papert.and-his- colleagues
was..-done in -an -environment which . .was- -financially, technically, - and
philosophi cally strongly supported. IS this experiment Teally relevant to a
typical- classroom?

/

It s very doubtful that a teacher who is not comfortable with
computers would choose to. make them. an- integral part of the mathematics:
curr‘iculum. It would be- totally unrealistic-to: expect that-a new computer,
based curriculum, no matter how well it was done-or- how much money was
available for computer herdware, would-be:accepted by :a teacher with no
experience with-computers. To be.ready. to explore the- ‘possibilities.of: such
a new mathematics curriculum, a ‘teacher must, at the very minimum, be
computer literate. Thus, the first goal that faces any school distriet
wishing to mvastxgate -seriously computer applications in the classroom -is
‘to develop. an inservice teacher training. program.

-

Computc Literacy l'cr lathamatics Teachers

-

'computer literacy.' As one might expect, the term has a wide variety of
mterpretationa. In the géneral sense, computer literacy has- been defmed

141 39 - ) )

"Much ‘has been written lately attemptmg to define the meamng of -
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1) - What-a computer/prograim ¢an and cannot do.
‘2) ‘How to.program a-computer..[4] ,

.t

Disagx’-eem‘q'nt'fon ‘how-much-efr phuiashouldfberplaled‘onigoalk )-and:goal 2)-

is. the; primary difference /between two recent definitions .of computer
literacy [5,6].. Although /the amount ‘of computi knowledge that -will be

‘ needed by teachers will differ, depending upon individual areas of interest,

ving goal #2 (How to program a computer) will be essential for all
mathematics teachefs. T be able- to understand and. apply the new

oy

tructional mat als that will express concepts using the algorithmic

school

, Below_is a sample ne
= - .- ‘Wisconsin) inservice trainir
/20 [
/Colna Sy

_ 1)- Introduction To- Cot L
- course built around-the Adv
./ video-tape programs-

‘ / ‘Hopkins University.

2

>~

W \\

A " programming course.-Training materials used were specially designed
B ﬁﬁyéiﬁ?*oﬁi’i?cém@@gw«cﬁai&ﬁ“umr(ugcb)‘. m =
* "3 Advanced BASIC. Programming. A 5 week (10-hour) advanced
o MECEC.[8]

. N / ) ‘ . ’/
- 4) ‘Microcomputer Applications For:The Clasiroom. A 4 wéek (45-hour)
. summer ~workshop on .microcomputer |applications covering the

- by

/‘ computer programming course also using materials designed by

, N - - - . Tfollowing topics:. . : S

“~ _ -a) Classroom ma;lagiinent _software: \récdr(l keeping, grading,
~~.  ‘worksheet and test making.> .

that:of others.

- d) Languages: LOGO, PILOT e \

lele/:e .pi‘obably 'gs’many,fwiys-to:encmnlage computer literacy in'a
: there are ways to write a program to-solve a specific problem.
One wéi to begin is:to-provide a:sequence of inservice courses for teachers.
sféujen e that has been *'used in a local (Kenosha,
-program. P
=
. A4 week (§-hour) computer g@uen@s : ‘
entures-of the Mind series of six.15 minute
—personal computers. produced by Johns .
2) Elementary BASIC programming. A 5 week {10-hour) ecomputer s
for teaching teachers and were sproduced by the Minnesota -
b). instructional software: how. to make‘Loqr own, -how-to.evaluate. _ __ _ ___
c) Utility software: Higher 'l"ext, Higher G;aphics,; Word Processing.
’ ~ _ . ‘ . . 5
‘Each of the 4 successive courses adds,;ghothé; layer of sophistication L
* to a teacher's understanding of cormputers. Not all teachers.need to begin ‘
with the first course, and not -all who begin at this level will finish-all-four -
. - . / . A = : .
; -\ ) ‘\ , L - \"\\;
,»‘\’ %

b Q( . . T |
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_ microcomputers-today? -

" understanding ‘of how.to.control.computers. Between using the computer as . e
" ‘Computer Assisted Problem Solving (CAPS). ’

_ _algofithms. The algorithms-chosen were:compatible-with the mathematics

-

corses. We have found that -those who' stuck with. it and completed-the
summer workshop are now making substantial progress towards integrating
t 1

‘computers into the mathematics classroom. o
| Beyond CAI L

CAI (Computer Assisted listruction), as traditionally conceived, has

‘been -one of the fondest dreams of educators. The possibility ‘that the
comptter-will one day make-truly individualized instruction-& reality seems

reasonable. enough. Unfortunately, CAI has8o far proven-more-difficult to

do well than-was ever dreamed possible. ‘As a-¢onsequence; programs.ready

for ‘use today on microcomputer systems merely hint at the potential of

which educators have dreamed. ‘So what will teachers be doing with their

v .

) »

.

7 In 1975, a-survey of Secondary level computer usage tevealc . the
following mix-of instructional computer activities: (9] ) ,

Problem-solving 25% X
- ‘Programming - " 25%. '
Simulation and'games 15% - . - -
CAI . 13% -

\ ‘Guidance & conseling 15%

\\ ' Other . %. -

1A\1980- ACMWreport*oneAI in-?UiS-fpﬁblic~sEéondéry/-elem entary schools kﬁ__w,
‘showed:‘that:~ 90% of -all :school districts .are now using-the -computer-for .
instructional purposes; teaching computer languages-is-the-number one-use :

N

and; mathematics-has:the highest:priority. . v

fx:‘qil’u;iﬁpmpi!t*‘méavCﬂxmdfprésramm'iiﬁ%twdi@t‘—ééb“@i*é ends of
the computer ‘applications spectrum. The- first use:.requires.absolutely no -
knowledge -about -computers, while ‘the goal of ‘the second is-a complete

a teaching machine -and: using it to learn BASIC lies a sleeping giant —

Computer Assisted Mathematics-Program — CAMP

.. The_-idea of _using_'the_computer to provide 'éfﬂ®ﬁ:t§5-‘“th» an .
algorithmic approach to- mathematics"and a-chance to experiénce-the ‘

problem-solving process first -hand is-not new. Fifteen years:ago; it:was the T
major emphasis of a pre-college program under the-direction of David C. ;
Johnson ~ of “‘the. University -of “Minnesota-named -Computer Assisted
Mathematics Program (CAMP), Theprogram produced six:books, one for
each. grade level 7-12, designed around the BASIC language in a time-
sharing environment. The authors gave careful attention. to identifying

parti o

ular “problém. salving situations in which .students could: develop

curriculum:of the grade level.

o o e
- -
e S ——
R

- -——1Tlie TesWlt of the experiment, a8 reported by the authors, indicated'
that the computér was an invalusble device , for -demonstrating

‘mathématical concepts.*hf‘.&isd, the :computer acti'vit?ﬁ proved- to be an

NS

" 136 141 )




excellent device for involving the students in problem solving. There were
many instances in: CAMP in which students were:-given the opportunity to
design ‘an algorithm, program it; and then run it on the: computer, If it
didn't ‘work; -the -student--revised -the -program and tried -again -until it
"worked." This type.of "real world" problemsolving, which is-difficult to

'lmplement successfiilly-in-the traditional textbook setting, was found to:be

_ inherent:in. computu- problem aolvmg ectlvntlee. o

In the eerly 1960'8 when the. CAMP meteriele were being developed,
the computer was not an easy tocl to use. Programs were stored on
punched:cards: and submitted to-the computer- in'a batch mode: ‘Modifying a:

;progum ‘Was a very tife consumlng process.. The. evellability of- computers
for "high school students was limited and for elementary students

completely non-existent. . In- addition to these hardware limitations, the

‘CAMP materials did not venture: beyond the traditional mathematical

* algorithms found in the classroom texts. They did not'introduce, for

"example, suéh:programming’ meteglel as recursion, backtracking, merglng, i

sorting, and’ branching ‘that_are eommonly ‘used today to solve problems:

‘with the ¢omputer. As a-consequence, programs like.CAMP did not have a

long lasting impact on- the mathematics curriculum of the chy. It was
viewed prlmerily as-an. enrlchment activity..

computc A-md Problem: Somlg The Futwe

It seems lnevlteble thet the wide-spreed use of computers in- the
classroom ‘will ultimately have a- significant impact ofi the mathematics

-eurriculum, although the resulting design is -difficult: ‘toforecast. Theibest -

- we-can offer is an epproxlmetlon. ‘Below is & list of distinict:programming

. *,__:__,,.,3.. Sorting.—- - - -“z-“_,;__,,”,w -
.

categories: thet are-clgsely related: to*methemetlcel eonceptsan’dakﬂls.

e
e
e
—

the followlng cetegorlcs ,;f_// S
1 Numbers T *-%
L ADlepleying petta'ns.
- 2. ‘Transforming: between bases:
3. " Counting.
5.. .Searching for those that have mathematical. properties.
6. Sorting. o

s e Shufflings - oo e
8. Generating at random. ]
9. Coding and decoding.

1. Words

‘l. ~ Concatenation and decomposition.
3. Counting. P

4.. Shuffling.
5. ‘Transposing. ’
6 Codlng end ‘decoding.

o
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L " I, Simulation
. - 1. Games of chance. o _ _ —

-a) Coin tossing.
b) Random drawxngs orF movements.

o~ " 2. Gamesof skm.

- , '. @) Boardgames.
: b). Strategy games,

IV, P}oblem"SolVltqg Skills

1.  Backtracking. ~
¢ " - 2 Bisection. -
~ : . 3, Recursion. ; '
4. Subgoals. , - ° P
5. Trial&E for,

- vwenp’hics /
. / T

:‘ . / l_e » lotting. ' ’ l . : ’ e
2 e 2. Geometnc designs. ) S .

: . Ail of these activities depend upon and reintorce portions of the
3 “*. o traditional mathematics ‘eurriculum. Examplee of the kinds of
- ogramming problems-that fall into these categories-are-widely available
, ll, 12,.13;.14,. l5,] ~-None-of these sources has, however, developed materials
~-— 77777 "fo a point -4t which they could be easily used.in ‘a ‘computer-assisted
mathematics classroom. At present. these materials -are primarily for

~enr1chmey activitiea. .

Y "' Conclusion '~
/
The development of a well-defined -and-interesting computer assisted
maatpcmatica curriculum is a long-term. project and will not happen
-~ . overhight. It will require the: combined efforts-of teachers, students, and
fcurriculum -developers. working together to make it happen. No-matter how
long it takes; one thing seems certain — it is. inevitable. As Donald:Knuth
' ! has'stated, "Pertlapl the*moat“stgntftcant-diseovery generated by- the advent
- - -of .computers will tufn out to be that algorithms, as objects of study, are
’ ./ extraordinarily rich in’ intereating properties; and furthermore that an
. algorithmic point of view is a useful way to- organize knowledge in

( - / general."(16]
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‘ .,.suppose for a moment that the automobile industry had develuped
at ‘the same rate as computeérs. and over the same period: how much cheap-
er and: more efficient would the current models be? If you have not al-

. ready -heard the analogy the -answer is shattering. Today you would be
able to buy a Rolls-Royce for $2.75, it would do three million miles
to the g;llon. and it would deliver enough. power to drive the’ QUEEN
‘ELIZABE And- if you were interested in miniaturization you could
place half a dozen of them on a pinhead.
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g TERMINOLOGY : ' - . . . |

The f011ow1ng definitiops of terms. are presented to aid the reader with

vocabu]ary used. in thls document

* Computer Literacy - the exper1ences and knowledge necessary to under-
stand the effects of thel computer on society and-on thé individual..
It is also exposure to ‘the applications and limitations of the com-
puter-and being attuned to. the soc1a1, vocational, and governmentaI
implications of computers. g e

- As aaconcept, computer“Iﬁteracy can be compared ‘to reading Iiteracy
of the printed word. ' Knowledgeable people in the computer field
believe computer Titeracy to be needed and valuable for a]] peopie
to- a~level -equal to their other abilities.

The above. definltlon is offered by this committee as a working™

definition of computer Titeracy for North Clackamas School Dis-

trict 12. There is much_controversy over -the-definition in-terms

of content and quantity of knowledge ‘required for computer liter-

acy. i

* Computer. Sc1ence - the study of .computers (history. social. 1mp11-
_cations, applications and ‘1imitations, etc.) and how to use them
(programming, problem so1v1ng, simu1ations etc. ), usua11y a course
of study at the secondary 1e¥e1

¥ ’

S0 that the e computer can_do the work- requested by the human operator.

* Computer Hardware - computer equipment ‘including time-share terminals,
"hook-ups, and’computers as well as micro computers such as the AppIe,

Pet, TRS-80, etc. 1 \ x

-* Computer Software - the pAograms which- can be used on a computer These

inclTude programs for drill: and practice, simulations, games, problem -
'solving, etc. ‘Also includéd are student and teacher-made materlals

as well .as .commercial programs ?r coursé work.-

? .
* Computing Teachers - teachers whose students -use computers in c1ass-

. rooms. or who teadh the use ?f computers to. students

* Computer Educatlon - 1nstruotiona1 uses of computers in classrooms
~ (as ‘opposed- to adminlstrative usesﬁofucomputerswjn offices)rwsThis .
term is used to cover any and all uses of computers in classrooms.

* Computer Assisted Instruction (CAl) and Computer Agrumented .Learming
{CAL) = <tHese terms refer to methods of learning wheréby. computers
assist the teacher in presentation of subject matter and/or 1mprove
student learning in a subject matter by some information or experlence

143
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POSITION. OF THE PAPER AND RECOMMENDATIONS TO NORTH CLACKAMAS SCHOOL
. DISTRICT 12 , .

ThéAposition’of this paperVand the recommendatjohrof“the committee

FOR“COMPUTER‘A"

is that North Clackamas School D1str1ct 12 prepare a PL
LIIERAGX; Such--a -plan would. 1nc1ude programs for the follow1ng groups
of peop]e * ‘

1. Adm1n1strators inservice’ programs designed to prov1de computer
Titeracy and to provide an understanding of student and teacher
needs in the area of computer education: ot

2. Teachers inservice programs designed to provide computer
Titeracy -and to give assistance for student computer literacy.

3. Students: -a program that will provide computer Titetacy by the -

" end of the twelfth grade.  Special students would: need to be .
provided with special programs ‘which would meet ‘their needs.

4. Parents .and patrons -experiefces to aid their understand1ng of
the needs and pr1or1t1es of- computer education programs in the1r
schools. , R D ——

5. Finally, the comm1ttee makes recommendat1ons to the District in-
tended to assist with the formation of a PLAN for computer literacy.
Included are suggestions for the purchase of hardware, a steering
committee, consultants, software, field testing, the computer
spec1a11st s off1ce and a computer use center.




Recommended PHILOSOPHY for Computer Literacy Progran:

. The increasingly widespread utiiization of computers is
“having~pﬁbfbund effects on today's society: Computer education
‘__prbvides an uridei-s_t,ah‘ding of the. capability- and limitations of , )
computers.. It provides experiences which assist Stuuents in . _ "'?{
developing awareness, attitudes; and knowledge for adapting to . -
and coping with a changing society. 7 '

Récommended:PROGRAM GOALS for Computer Literacy ?rogrjam;e - : S

-

I e
- Students will gain ”"ugs ntiaI 1eve1 of computer awareness

. ‘. <3
e 3 - e . - o . Lo
~, -

Students wi11 develop aﬁ'understand1ng of computers as aids to
problem so1ving. :

«ﬁL

‘Students will develop an awareness of the effects.and inf1uences )
of computérs on the individual and society.

: Students wi11 deveIop an understanding of the capab11ity and -
1imitations of computers . ] . -

-




A deta11ed exp]anatlon of each -of the components to be included 1n the

Distr1ct S PLAN FOR COMPUTER LITERACY fo]]ows

. . ¥ . .

1. Administrators: inservice programs designed to provide
____computer 11teracy and to provide an understanding of student and
feacher needs. in the area of ‘computer educat1on

M A. An inservice program for District-levél administrators
should be prov1ded This inservice should precede all
other inservice parts of the PLAN. since these partici-

- pants are the D1str1ct 'S. program--decision-makers.

. " B. An 1nserv1ce program for school. adm1n1strators -should-

5 ' ) be provided. .This inservice should precedé inservice -
' for teachers.'

E C. Other suggest1ons for adm1nistrator inservice programs :

o o 1. These inservices must be well organ1zed hlgh
s ) o quality programs which are motivational and
e > T . fun as well as 1nstruct1ve

© 2. These 1nservices cou]d be organized to take
: froi 4 to 16 hours depend1ng -on_ the 1ntens1ty
) and depth-of. | oﬁ.the-anstruct1on -

e

e 3. Gu1de11nes ‘which 1nc1ude processes for receiv-
SR ing computer instruction information and assist-
- ance .and for appropriately using District: ‘per=
~ sonnel associated with computer education shou]d
' B be 1nc]‘ded 1n the 1nserv1ces

. - 4. The 1nserv1ces shou]d be :provided with fb]]ow-up

- 1earn1ng experaences on. a yearly basis. ‘Such
experiences, intended to.keep District admin-
istrators current,could include a talk by a
»consultant, "hands bn" workshop, a visit to
view another district's instructional or
‘adm1n1stat1ve computer- program, or the presen- - |
tation of a book for reading by all adm1n1straw\ o
tors etc.-

5. In add1t1on, the members of the Board of Directors
" could be invited to part1c1pate in .one of the
*  administrative inservice programs. ‘

.
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™ I1. Teachers: inservice programs designed to provide computer .
v ,literacy -or to meet their special needs. ’ h

o

A. Insérvice A is suggested for teachers who teach computer' - L
eauggtiqnfclgsses;‘ This inservice is needed 0 provide up-to- ) :
daté-information' and "to improve understanding’of computer

3 , instruction in the classroom. In addition. this inservice is

s ) needéd to provide. assistance and incentives for these. teachers

s : o become- the leaders -of other teachers in.the area of -com-"

. , puter education. . This ipservice will include mainly junior -

high: and high- school teachers -of .computer science -courses. S
The inservice should be presented.prior to Inservice B, -
“designed for all téachers, and after the administrator in- . -

- : services'h@vé-beeh~tomple5éd.

. - B. - Ifiservice: B'3s suggested. for all. teachers who do not teach
computer education: classes. The inservice is needed to pro-
\ vide computer 1iteracy and: to provide -an understanding , - .
i _ .of computer instiruction-in the classroom. This program would
- o H include elementary teachers-as well as junior high and. high '
L5 schoo) teachers who -do not teach Computer Science .courses.
- ‘Media. specialists, counselors and. special teachers would*
also-bé included. This inservice should be presented-after
administrator inseérvices- have beén presented.

C. Other ~sugge$t‘ipns'.zf?r these ‘teacher linTSérvicé programs : _.

R ’ 1. The 1n§ekvjce-prpgfams must be well.-organized,
SR ! high quality:programs which are motivational and -
- ‘ ’ fun as welﬂiasﬁihstructiyef .

. 2. They should be presented. on an optional basis so that
: teachers who .are alréady interested in computer
: - ~ education will be thée first to participate in-the
s program, - Later, the program should-be repeated for
) other. teachers whp wish to participate. ‘Advertising »
should: raise teachers' awareness of the program So .
that many teachers can be involved. . :
) \\< ] + 3. Inservice B for ngn-computing teachers. would be’
“most -successful .should a buiiding or department TEAM
CONCEPT be ‘implemented. Building administrator, media
specialist and computing teacher commitment .and/or
involvement. is imperative to the success 'of the- program.

}/’ : . 4., Teachers (especially secdﬁdary—teadhefs) should be
SN ) given opportunity to explore computer applications
: ) - in particular subject matters. or disciplines.

?
]
!
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5. In addition to ;p‘roviding computer. “awareness," ‘
Inservice B should provide "hands=on'" experiences
for the teaChgrS‘in‘qﬁdEr to_achieve computer literacy.

N -
- x o, -

6."Mgéhfﬁgful‘inqgntheé/(i;e., grqdﬁaté'coyﬁse credit,
payment, etex) should be provided so’that téachers.
wi111choése to:péng?cipate in the inservice programs.

.1.” For best Tong tgrmflearning:to-resﬁlt from teacher
’ ‘inservice the .District is advised to place hardware o,
and software in. the classrooms of teachers "participating
- in thé inservice program. Tasks -for teachers and’
studgntswcanfthgnwbe part of the ifservice requirements
K and' the "hands-on" tasks will increase the learning '

of participants.

8. Incentives for Inservice A need to be developed
so. that present computing: teachers will take -
~ responsibility for-conputer education. leadership
- in. their schools. Their responsibilities could
include the following: A .
a. Assisting with improved teacher
. Titeracy.. T
b. Assisting teachers in thé -use of

‘computers.. - . .

" c. Acting as school liaison with District

\ . g ~

computer personnel. - :

d. Spearheading ‘pubiicity and/or promotion -
for computer education programs to the
S ‘parents/patrons.-of the school and/or )
- District. = : ,
‘e, Assisting-with the collecting of needed
-~ and/or appropriate software for teacher

~

use_in.'the.school.

Computing'teachers }?om Inservice ‘A should be involved
\ -Tn Inservice B in the following. capacities:

\ 7a. dassisting-with~the implementation -of the
, N . inservice/staff development program.
” N b. assisting ‘teachers from the same schooi
, in their learning and experimenting te
. \\\i reinforce the Team concept. Inservice B

i would-be the-beginiing of a helping reiation-
! . Ship between the- computing teacher and
\ Knoﬁ-computing teachers. ¢ ,
10. An incenti§g*for computing teachers could be scheduling
. one period per day for assisting teachers with computer-
+ relatéd problems and needs. A building specialist.could
be .designated with-in each building. O ‘

.
1
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11. The teacher inservice programs should address the ' . .
need- for horizontal and vertical articulation in, S
computer education within the Districth_-EolJowang S
the 1nserv1c;,programS’iFfTEu1at1on meetings. should. be -
set up through the office of the District computer Tl
education specialists. Teachérs. need to know what ;
other teachers are -doing and have' done with both -neg--..
ative and positive results. -

12. Community schools, PDC; Computer Services. and other
resources should be encouraged to provide -computer .
Titeracy courses for teachers and -community members.

II1. Students a program which' w111 prov1de computer literacy -
by the end of the twelfth grade. - -Special students ‘need to be pro-, o]
S ~~v1ded with“speciaI pr09rams wh1ch will meet the1r needs. p

-vided.

|
B
A A K12 LITERACY PROGRAM for a1l students should be pro- ”
. L. Suggestlons for the K-6 program 1nc1ude !

a Exposure to -computers e
b. Familiarization with the keyboard - .
c. Comp]etion of computer readiness tasks .
. ‘Understanding. of uses of the ‘computer -

e.

‘Understanding of the h1story of computer

; ‘ . use - ]
// ‘ f. Use of calculators: = . R
2. Suggestions for the 7é8_programv1nc1ude~ T N é

a. In-depth computer -ex riences f
‘b. History of -computers N
c. Social impact of computers

7 32 Suggestions for ‘the 9=~ 12 program 1nc1ude
.. a. Uses of coiiputers '
“bs In- ~depth social impact of computers
. c. History of computers,
B. SPECIAL PROGRAMS are needed to meét specia] student needs
L AcceIerated students need enrichmeiit” programs
Eleméntary scﬁooIs should continue to

- provide programming tasks for TAG.
students. e

+




Junior h1gh schools. should provide
‘programming. tasks -and other projécts
) for: TAG students. Or perhaps ad-
- — vanced. computér science-courses
g . should be-provided for advanced stu-
- dents (not restricted to TAG students)
S . "~ -who have prerequisite skills.
R c. High schools should: continue to pro-
: vide advanced computer science courses
which include programming.

-~ e

~ _

2. Low achievers .and/or: hand1capped students. need
programs: ito work w1th computers

a. K=12 computer ass1sted 1nstruct1on can
_provide drill and practice, tutorials, -
probem so1V1ng s1tuat1ons, etc. to -
_improve achievément in a variety of

subject matters.

C. ions for the“Ke12~c6mputer literacy programs

for students

. \ =

s L. The K-12 LITERAGY -PROGRAM shouldj-at f1rst, 1n-

e clude a. variety of computer -experiences s for-students-

- ‘ - ' ‘ with which teachers feel comfortable. Computer

. Assisted Instruction assists with student literacy
-:and should be encouraged in a variety of subject
matters .as.teachers locate .or credte software to ‘meet
the1r students ‘needs.

2. ‘Computers shou]d initially be -placed in c1ass~
rooms of- teachers who have participated in in-
service .programs and have stated the -need of
:hardware for student use.

- 3. 'SuggestionS'for curriculum. for.-grade level -
" teachers and--guidelines*for administrators could -
be -‘organized and-written by a team of teachers
- _next summer.. A core of computing teachers who
. are ‘capable of the'work are ‘presently working
S in the District.

e ) 4. Much of the K-12 COMPUTER "LITERACY PROGRAM could
o : be integrated into the social studies curriculum.
e A possibility for organ1zat1on of instruction. at
. . ST - the. secondary level is .a team-teaching situation
L : involving. a soc1a1 studies teacheir and a- computing
. . teacher, " -
. 5. For a student to achieve computer hteracy by \
- graduation from high school few - changes in present Nl

\‘l‘ . 4‘ : 15
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curriculum\ would need to be instituted (as ‘
compared to- implementing a math,. science or- !
art program for all students):. Remember, the /
computer is only a tool about which. students should */
learn. . ; /
. } A ~/
\ 6. For the first 2 or 3 years teachers experimenting.
with. computer use in various subject matters will
provide the foundation and leadership for a more -
. soldd curriculum in the future. Any curri culum-
" in the near future mlist, of necessity, be flex-
ible as teachers; students, and’ 'sd/ﬁ ety achiéve
better understanding of computers ;and their uses.

7. For coordination of the SPECIAL PROGRAMS the TAG
“~and-Student Services -departments would work with
the Computer-Education Specialist.  Beginning
attempts in these areas-will largely depend on
the initiative of teachers. - .
/ -

IV. Parents and patrons need experiénces to aid their -vuhderStanding
of .the needs and priorities of computer education- programs in their /’
schools. . - ’ '

A. A variety of suggested experiences for par?énts/pa‘troné ’
follows: o
~ , 1. PTA and PTO's could be e_ricouraggd to provide.
‘ T - programs for parents in-order to -make them

~———__current in ‘the area of computer éducation. Such

\WPMWe invited ‘to participate in the

funding of hardware/software. fori their schools.

2. ' Parents/patrons -could be encouraged--to_participate . .

o in the teacher inservice program which .provides___ 5

L 5 : personal computer literacy. Participation of T

parents along with teachers and ‘other -staff -in- the f
school has many rewards.

3. As computer education changes in‘. the District,
parent tea and coffee events could be encouraged.
- through. building advisory .committees.

4., Buildin