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ABSTRACT

Applyis computers for the whole school recluires active student participation:

all of the students usa the computer.for projects oWclasswork, and a small cadre

of student-consultants contributes directly', to efficient use of the computer in

the school. These student activities generate computer literacy, the acquisition

of a computer laneage (BASIC), and a feeltng oI community throughput the school.

The.applications and programming of the computer.will grow out of the activities

or needs of the student groups involved.
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1. Introduction

SChools are responsible or providing educational esources for their

stddents. Resources include human ones--teachers,, aides, administrators and

students; and inanimate ones--laboratories, computers, and other equipment, in

addition to the &chool plant.

CoMRpters are one of.the wer resources.. When computers are used for the

whole school (Reference 1), students play a central role because all of the

students use the computer at some time, and a certain fraction of the students,.

.(a cadre that we shall call "student-consultants"*) support, through their computer

work, a large part of the codputer Uses for everyone in the school. This fraction

9f the students become responsible for providing-much of this new, computer-
,

based eduCational.resource for the school.
. . ,. is J:4 q

Students, by being served by the computer and by providfng support, are

truly "where the, action is." In both roles, the stUdents express and hely

develop,the educational philosophy of the school. the putpose of this paper is

to describe these activities of students in the "computirs for the whole school"

philosophy.

The students' activities,are evident.in three types qf outcoMes pi computer
,

use fOr the whole school: computer literacy, knowledge of the BASIC language,

.and "community.'"

,

We shall first examine tAse outcOMes in scide-detail and also the nature of

i ,

elemeqtary instruction in BASIC and in-computer Use; then discuss why it 1.-s that
, A

4.*

_

students Can and should be a resource in computers for the whole school; and'

0 4r
finally, the implications of these student activities in thoosinChardware,and

developing software.

/

* These'individuals are,both s udents'and consultants. We therefore use.the
hyphenated form "student-co ultant."
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Since we shall find it convenient to use.the term maxttalculator, we need

ay more about fit here,. We use this term to describe electronic caIl.culators

that gre as,poweful as the older minidomputers but'more flexible and portable.

The Hewlett-Packard 9830 and the Wang 2200 sre examples of such' maitic lculat ors

that Are especially well suit d to provide computers for the whole so ool.

A maxicalculator system includes a multiple-use keyboard, a maxicalculator
I

with "wired-in" 'BASIC, a fast thermal printer; a fast batch reader lior mark

sense and lunched cards, and a,tape cassette drive fOr secondary meMory- We note

that a maxicalculator, wpich-serves the whole school community,.cobts from $5,000

to $15,000.

2. Computer Literacy

/ What can a computer do and what can't it do for a student? What is it Like

to rgn a computer or interact with it? What responsibility.do students or.-oOlers

'have to see that computers are used wisely.and equitable in the'schooI? The
_

student (and the teachers and administrators) have taken a step -toward computer

literacy when they can answer such qnestions as'these.
, . \

Computer literacy covers the impact of computers in rciety, Wow they affect

each student and his fellow citizenS, what must be known about computers in order

to enjoy the services they provide, and the need to prevent posstble abuses of'

computer power.

Computer literacy is-gained through specific discussions in clasSes* with

well-informed teachers and visitors, by assigned readings, and --what we stress

here--through students'=own experience with i computer And observation of others

using computers. Students should be advfsed; "EXPERIMENT! That's one of the
t ,

menythings the comWuter is heie for.'
A

,

-
...

* Schools that place great emphasis,upon computer literacy.may,give this as a

separate course treating, for example, the demputer'S capabilities tnd limitations,

;the hietorical development of computers,. the vitious Social implications of .
.

the computer and its various uses, in industry,.business", education and government'

(Reference 2). Others may feel that a separate.course would add to the "mystique".

of computing and prevent the computer from becoming a real tool--like a hatmer.

r fi
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Xat us look at t few types of student experiences that are related to computqr

-literaq% Ttese eXPerlenCelfUlll.often be tailored to the needs'of each'student.

He will use realistic simulations of,problein solVing and-deciiion Making fhat will

be encountered in jobecir in later schooling (for example, running abusinesa,

doing'accounting, r contrdlling environmental pollution); and the experiences can

'include mind-stretching and aesthetic activities, ones that strealkaynthesis or

-realizations of imaginative processesj The maxicalculator cam,help to bring under-.

standing and community across these varied, problem ori'ented and value oriented'

pursuit's.

Students rini in,computer related experience, that the logic of a computer

. its one .kind of intelligence and not another, or fits one situation or problem;

'in the classroom or in society, better than another situation or pfoblem. Thus

there is visible evidence available.to them of what,compUters can and cannot.do.

Properly handled, computer experience will give students both confidence (and some

humility) tegarding their4abdlity to use computers. They must also be able,

percepe.and choose among, at.d respond to, different cognitive styles and nped5;

whether seenin a text, in the classroom, or 'on the computer.*

By experimenting with thecomputer in.areas.like sooial.studies and htimanities,

students can discover that logical analysii."even with a computer" does not by

itself answet queitions about values, whereas such analysis does give immediate
,

results in mathematics or physics. because of thi quantifiable nature of.the questions

asked. Soimuc'h the better. Neit er scientists dor students should exaggerate the

power of the tools they uie,'wheth computers or oeher. technology.' Students can
t ,

learn also, ihother computer-based experiencesy, that the computer should leavq

* For example, a student7consultant 'may possess a "Stimulus-centered" cognitive
style and be required' to help a ttUdentwithanmegOcentric" cognitive style.
The consultant is then focusing on the aspects of the.computer itself whereas
.the other student is viewing the computer in a Personalized, affective manner.
Thus, the consultant would be faced x.ith helping the student overcome a concern
with the "personality" Of the computer--something which doesn't exi"st forthe.
consultant.

\
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them, (or scientists or teachers,) more.free to do that which is truly important--
-

,

to_perform.those tasks th4t involve taste, judgment, and stbtle analyais.
1

Literacy includes appreciation of the' interdisciplinary character of computer

7. applications. Computer uae helps bring the students in different subjecr and .

tracks together in cooperative effqxsts because it is often used'in similar ways

.in--different subjects. Indeed, new andas of computer use-may te developed by the

students.and-taechers'working tegether on the computer. Such cooperative uses of

the computer cpntribute to the'feeling of community across the schoOl that will be

discussed in a later section.

Finally, comPuter literacy iMpries understanding that the cOmputer,iiselE

does not discriminate with respect to sex, color, age,.or wealth.. However, a

student can easily see if 'people diicriminate in giving various users within the .

school community access to the computer. wo

, Training in BASIC and the Use of the Computer

.There are two types of training to be considered, that in'the use of the

computer language, BASIC, and that in-the" use of the qomputer facility Itself, the

"hardware." Each type of training can be broken down into simple, logically ,

related steps.. Only the early or basic part-of-each type of training will he

.discuiied here; the part that is needed by all students, and.'by those teachers.who -

(Z.-need the fame level of coMputer Expertise achieved by the "airerage" student. The

students can receive the basic'tratning appropriately during their eighth-grade

mathematics or sciencecourses. The teachers will gain their understanding of-

BASIC and the computer through private study, infOrmal workshops and working sessions%

and'throughTirkifig-with the expert student-consultants..

0

The content of each type of training is determine4 in part, but
11-

only in part,

by the nature of the computer input facility, that is,whether.the input is by

mark sense cards or through terminals to a t,ime-sharing system. The language

BASIC is nearly.the same on most computers that support it,'and this is most

8



nearly the casefor those parts of the language osA.in this training in
7,-- -

elementary BASIC. The outcome s'hourd be the same, regardless bf the cemputee
.

J
facility, that is, the student acquires the ability to ask the Computer to solve

problems that are suitible for computer solution. Our discussion will assume

input by.mark sense cardp.

While learpihg the use of the BASIC,language, they student <or teacher) should!
\

also learn how togpat a program written in BASIC-into the computer. BASIC,
:2

tyelf almost computer-independent, is thus taught in the ConteXt or the specific

computer and input devLces that are available to the students and the teachers.

at their school. In this way, tangible, visible interactionmwith the computer

("It'S actually doilig what I told itito do!") motivateiftha initial Learning of:BASIC.

There are many published guides to teaching elementary BASIC (see References 3

and 4, for example). Often; however, teachers wish to write 'ttitir own notes
.

.

for teaching BASIC, designed for the particular needs of the students ahd classes
. .

i; their school. Below-is ah_outline of one such set of notes (Reference 5).-
.,.

Notice thaf the notes do,provide training in.computer u (that is in computer

input) that is developed in parallel with the early training in BASIC.
.1.

,

Outline of Elementary BASIC and Computer Operations*

Introduction: the role of computer languages anti of our cOmputer-

language, BASIC; LET, the -first computer instruCtion to .learn;

.statements. and cards

b.' INPUT: giving instructiqns.and commatds to t he computer; park

2

sense cards (simulated, untkl stage (i) of the training by paper

exercises); codes familiar in every day life an(' codes in the computer;'

definition of a computer program

*,This training can be made 'partly self-instructional.with self-administered
quizzes for the student to check competence at each'stage of the training.

9
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c. . Output: What the Computer produces for _the user; two more instruc.

tions, PRENT and END; sketching the comp4ar'S memory.

d. '*Fundamental operations und codes in'side a computer; switches,

binary representation of numbers, letters, and. f arithmetic and

logical operations; the "brainlessness" ofthe computer; why

. .

engineers designed these representations or codes (so the user can

'tell the coiputer whit to do, and the computer can do it)

e. More instpuctions: PRINT,"JOE"; the_SQR function; line numbers

f. Solving classes of problems on computer's:

READ and DATA

.

g. Branching.: the instruction CO 'TO; more format tontrol,(column

use of the instructions

headings and spacing)

6

h. Commands ,(to tell the computer hoW to handle your prOgram 4hen not

execUting it): SCRATCH, LItT, RUN, CARD1

i.**Exercise for making the mark sense,cards

j Another4nstruction,

k. Characters and strings: I$'vaqables
.

.1. Arrays: the instructions DIM and COM

m. FORMAT and other advanced instructions..

tome teachers may prefer to postpone xhi§ discussion until later IT the
etedentary-BASIC training.

** ThiS is% the first time that the cards are used by the students., but by now
tkie students have a repertoire of instructi.ons and commands they'understand
and which they haVe.connected with.theilr earlier, 'non'computer exurience. They

...100 will use the cards in vriting pro:grams ani xunning them an thq computer of
4.

maxicalculator.

,
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-experiences Otihe tudents (and others in theYschool) imsharinifthe use of the

The-.00mputer i milt Ji resuurce just for one department''nur *W,

4. Pmmwaiitv

Ialplementation o computers fOr the whole khool increases the reeling of
4. V

.
compu,ter resource

just fur an elite groUp.or stddentL. The experiences.4ained by being in,contact
...

.
.. ..

. . .

. .

With the-Ctmpote *are uicely'Cla's.sified by two kincte of student activity, gach .
- ., ..

..

11..

,J.
. '. -s *A I. . .'

s4, which centribu es to .C.Ommunity: the act6-ii,tes of ail student's who oshare the

cbmRuter as-a resource and the activfties-of the student-cbnAltants who shat-
. . ,

1

..

responsibility for the effectilie .use df the reiource'.

k

4.1 Service to Ail Students.

,

, ., ..

Let us look ut a nubber of dffferent ways in which computers cam be of
.

--. .._. __. ,
, . \

.

gervice to all students. i.
4

a. Even though the schoot's computetay.support more than one computer
',

.

. ... , ,

language, it is'on Le angua nage, .LC; tliat is'used most fie, ntly by

- 4
everyone, that prbgrams for the,computer, whether,large pr sMall programs,

and each user sees that this languake is adaptable mit only to one's

cwn problems but also to computer uses by 'others in.the schnol community.

,

qg
* A second type ol Pcommunity," that within the city or diit t supporting the

school, is also 'imp6i-Lant to the success of computers for t whole.school.
Cmiy if there are good relations between.this second cbmmunity.and the school
will the students have a good start toward positive but critical appreciation
of what computers and other resources in the school can do for them. In this
paPer we shall confine our discussion to the first type'ofecommunity, that

_within the school.
-,va

,

. .
The spirit pf this first type of communit. y is contained in this paraphrase

N..

of the words of the r7th century mYstic! Isaac Penintton, "...for,this in the
true basis of community, not th4,a person walks and does just as, I do but,
because I feel the same spirit and life in nim--this is far more pieasing to

41,

me than if walked just in that,track wherein I walk."
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9
b. Students'involved in studying aspects of science or technology find .

a 4i 114.

manY applications of'the computer.. However, there Are many studenta

; primarily.or wholly inliolved in subjects other than science or tohnolcigy,

and the computer cah serve them also, often in ways that are immediately -
/

related tolthe studener' personal 'interests. Some of the examples are

(see'also References 6 and 7): in music, the .analysis of notation and

;the writing of primitive canonS; in Latin, the Oodificabion of grammar

'or vocabulary; in psychology, the analydWofspersonality test results;
A

and in dtmestic science, the yards of Cloth required for a garment design.

In each of these'uses of the.computer., students also gain computer

literacY% in the.form of added understanding of what the computer can or
,

. cannot do.

c. The atjents most g,ifted in using the computer should.have.their day tee.,

neitherbeing negleced .nor dominating computer-usage. (See Sectlion 5).

d. Some stddents will continue to use the.computer for aspecial reason,

after their first ineroductiOn to it,,.beeause thiIl beyorking in
9

the field of data processjng after graduation from high school. Tho

computer can serve them, but not to the exclusion of any of the_other

users. Training.4.n data processing is not the primary goal in the

philosophy of computers for:the whole school.

e. Many.seudents convince themselves that math is.logicaU therefore, L

they're nOt good at math, then ther're not logre-al. This Attitude

6 -

should be defeated because a lot of students with an expectationof failure

are'afraid to try mathematics. They put their best efforb forward-0only

to he Tmbarrassed by making mistakes. They should, instead, come to

expect to be able io understand math (or basic cOmputler science or
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business aritliteatc. . . ), rather than to export not.to be able to under-.--

.stand.a subject. The.computfr helps t,h4;se students because it Js both

. private and patient, In its'esskstance in drill, as tator in a subject, ,

.

Or ad a..sijauiat(ir.of many different phetiomena.c
'

4
-

f. /The cordputer liberateststudents from thinkin4 like the teacher or text-

'bOok. It has long been recogniied that a certain kind of "intelligeii-C'e"

0, .

.

is required to "sscceed" in schoola kind of intelligence Vot particularly ,

better.or -More useful than any other. The computer is willing and able-

tp accept any arguMent (and the intelligepce that l.ies behind it) that

falls roughly.into the category of Aristotelian logic. (Tbili is the logic

of the Western WOrld, Which.Perhips should warn us again of the limitations

of computers.)

g. Computers lose part of rheir mystique, as they should, when they become

the students' servants. Computerv
;

-also lose-another part oi their mystique

when tbeilident is allowed unreitricted, experimentation. The:computer

. t

accepth almost ady combination of noneense'and inspiration input hy the

student, anything produced by intuition or design or guessWork or

and treate this inputAn an entirely consisi\tnt manner, giving reeults

1

that are more br less complete, with -some indkcation to tho student

to why.these resqlts dccur.
.

.4.2 Computer SersictuAyelifovided by Students

A certain number of the studerits,tprobably a few,percent of them, will learn

.0

how to Use the computer extensively and with grunt skill. In computers for.the

i
whole school:their computer activity will Nerve both their personal intereste

14ind the computer needs -of others, teachers, adminietrators, or fellow atudents.

I :3

I
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Student.,onsultants can he found mong the students with high or low academic

achie.Trents, but the computer capabilities of student-consultants can.be very

great indeed. For example, two high school studedts in British Columbia won a

patiunaLcahtest fur professional programmers; arid in Connecticut a freshman
-

student is wrrting lessons for the PLATO. GAI system, performs tonputer analyses

of data from cll membrane ntudies, and will be en-author of Is paper orhhese

tudiea.
%

The role uf these student-consultanta is an essential pact of computets for
k

the whole achol)1 and its c.mni-unity. Thy bave apportonittes to observe that

their contributions to the schobl.fummunity, by assisting nihers in using the

computer, pr9vides privilegefi,and recognition for thekr expertise as.well,nn

responaibility for .the,quality of their work. It isea valuable life experience--

one of few available in achool .*, Let us look at some ol the activities of these
/

student-conaultants,
,

a. diven adequat4P initial definition of a collfarter 'job by a client (teacher,

atudent.or adminisiratoT), student-coneultants (Iwork-iAg tndividually or

,

in teams.) can do the jpb o compute/r oPeration or pr4)gramming Ad oleo
/ .

show what allocation of reaources (camputer capabilities, compufer time,

..progremming skills,,and.tfme) Is necessary to do it. If the job con be

and ta done they csn also lietermine whether the.job iu trivial or deffIculi,"

a 5haractotintic that otten cannot be doc1de4A410 certainty before the

computer Jub la attempted.,

.Soma studenta have poor academic i4Grd, ..but are rareful, accueata

They can ale() particIpatelln the echool.community. 'Such efudente ior

xample, die tho maxicalculotor to.produce &specialized attendanckjecordn,

rapidly and fficiently 'and receive roCoggition- for their work.

And the work of.atudynta on.admIntstrative epplications of computove howu

them that there la indeidr* human hand in administrative activities!
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b. Using properly chosen criteria.the stddent-consultente can check out

programs of any kind obtained from 'any eource,to finCif.they are

debugged and are adequately documented and explained for each type of

user'that-will depend on that program.

c. Student-cone tants can develop and perfect programs (compilers,

information ystemq, schedukirs,,etc.) that 'will serve many different .

I.
users of t computer. In this service programming,,and in the programming,

,
lops directlY from their personal interests in usingthe computer,
-,.,

these students are the ones moat likely to makr-tise of (and beCome expert ,
'N

. .t.

in) more than .one compUter language, if more than one is hvailabke.,14,I,
,

. . **

Thus sOme students Will do good programming in FORTRAN or in an assembly .

that d

language as well as in BAPIC.

d.. Student'-consultants will be the principal resource in supervising computer

use and demonstrating the cotputer and its uses to other students, and

to teachers, administrators, and visitors. Giving an effective, demon,-

atrAtton, tuned to a givenaudience, requires considerable sensitivity

and understanding,:" It ts an undertaking whiclyetield be taken seriously,

for its success or failure may strongly influenceltheopinions.that

those seeing the demonstration will retain about computers and their.

uses. In developing nnd giving effective demonstrations the student-

consultants can gain valuable practice in exposition, in communication

and in interpersonal relations.

Student-consultants could undertake another computer-based 94ity, ono

,

that serves the other students, and that would challenge their imagination,

honesty, and skills to the utmost.. The activity is that of developing,

administering, and evaluating computer-based instrtictional materials, a

talfic that has been completed with full success only seldom by their elders.-0(

* In'one school a few student-consultants prepared in one semester, some three
hours of computer-based instructional materials.

15
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'All stand to gain in at least Vad waylfrom students' efforts to design and

-
eveluate these materials. First, a few of the students will acquire a love of

teaching, an appreciation of the Assistance that the compUter caq give.td the

.teacher, and an acceptance of the eal challenge'of trying to realize the
.

.-initrnctionalpotential of the computer. Secont,4 the students who fry their hand

at design and evaluation will be beinging a new 'perspective (ctbser than the

teacher to ehatof their fellow-students). and less of the inflAxibility and
.

,

babitual Processes-of thinking that become part of the make-up of almoat any

Q'professional, whether in education or elsewhere.

One way to.start this process.is for the student-consultant to write. a

program aiding his or her owmiclassroom work and then alter if So, that it will.

be suitable for helping several Other students of-differant background and

1.

,

s. 5. Studentd,. the PRIMARY Resource.tn Having a Computer for the Whole School
- ,

41' In Section.2-we saw-that a certain fraction of the studentijsay 2%) becOme

student-consultants to aid others in the school community. In this.section we /7

shall discuss.why'ii is advantageous'to these Student-Oonsultaats to. be such a

7re9ource in these computer applications and also why,it is one.way, and perhaps

the only way, en develop and maintain an adaptive fully implemented phi osophy,

.
of comOuters for the whole,school, with all, the advantages Of this p ilosophy.

5.1 Why is it advantageous to ba a studentabnsultant/

,Let us first list many of the types,of servi e and consult g Jobe that "

student-consultants can do.* Students can aid each ofthe ac vities 1Met support.
r

.

the instructiohal applicationi of computers. They can prog am, demonstrate;

See the previous sectiom for specific examples of st ent consultant abfivitY.
,

,

1 6

e,

. . .
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supervise, and operate the computer'and its peripherals, evaluate coMputer-based

lesions and simulatOns, and articulate these with classroom and8 la oratOry

educational experiences. They can also aid each of the activities that support

the admiriistrative applications of computers, whether for the principal's office,

for.individual,teachers or for student clubs. 'The students also, of courde, Are
4

encouraged to develop programs arising out oftheir personal interests and

privi14e .;arned,by'respqnsible service to their clients. They

thus have'lhe.opportunity sf seeing the full piCture Of coMputer use for the;

whole-school communfty while at the same time developing self-respect 'that supports. ;

their cooperative work with others.

These students gain experience in trying to be criticat, responsive and

responsible in, their. workAl They learn something of the applicability Of a.

problem solving approach, and they will begin to inject value judgments into.their

thinking as a needed complement to wholly mathematical argument's. They are thus

1-,":

better prepared for judiciously combiningyalues and logic /n -situatiOnt and

A
studies encountered after,high school,'where often the successful cooperative-

.--

use of computers and Other resources depends upon a proper mix of the human,
. -

social, and technological components.
,

1 .

. . .

More radically new activities for these stUdents can be developed. One

S.-

activitylor a grouR of advanced student-consultants wOuld be to take primary

resOonsibility for formalating,the specifications of a new componentlof the com?uter

system in the school (iis hardware or its software), and later installing it.
1

Or pdssibly a student cadre would-take on thejob of "spreading the word,"
..

. throughout the,school,'among selected teachers as well is Students, regarding the

apOlications of compUtev3 far the educational work of these potential clients.

,.
We have Already seen'precursorS of such high level student actiVitiefin several

..!!
....

.,
- schools. iT



5.2 ;Why are student-coniultantSessential?
0 9

When in"ful1 Operatiow a computer for the whole school r quires the efforts

of many peOple,with many types of knowledge and understandin -work that continues

'from year t °year as lt adipts to the changes in the School ommunity and ite

_detailed purpoees- The whole operation is complex,.as woUl be,expected for.an
O.

educational tool (in this case,.the computer) that.serves o many.,so well and in

SQ many different-ways. But-the complex operation is the sum of'small pieces

4
each of,whicitcan'be takervcare of by a single person,. a dthat single person will.

.

very often be Otudent.

It is mot necessary to examine 'or describe all_of the computer-based operatiohs
7

, here is

an examp

/.

ointing-to the essentkal role of ehe:stud;Ut . Ii/is.enought6 giVe
i

.e.,

. - 4
_

e which ie developed by asking a series of uestions.
4

. .

4
i

What work is 'neede4 d ilitorder to develop : small comp ter simulation, say.

for environmental science.or for social.studies cla sew? ,(See Reference 8-for
_

. .

. ,

a discussion of such simulations.) An estiMate mi ht look, like this:

: 10.hours lfbrary work and design of th simulation

. 18 houre programming the skmUlation f r the computer

15 hours thorough testing.andjevisi n before serious use with Classes.
A )

35 hours (The total might be 20 hou s if one started with an eXisting,

computer simulation that ad.been used in another school...)
./

Suppose that a teacher will_use two sire lations Mekt semester, one new and

one old (revised) one. The estimate then is that someone must epend some. 55 hours

(give or take a factor,ftor two) to piepare t ese tWo simulations. Who has the

time, energy, interest and expertise to do this?.

, .

1Suppbse, further, that there-are ten eachers im the choOl who ate already'

interested in instrUctionäl applications computers and that they wish to uqe

. 1,111;,,

a total of 20 small simuIations.or progr ms requiring similar Work to preps e.
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Some 550 hours'of'work will be needed to prepare these,* Who.has the time,

energy, interest and expertise to. do this?

The figures can ,be changed to.fit the school and stage,oftemputer utilization,

.but the po int is clear: \a fully implemented computer for the-whole achool

requires hundreds, not tens', of hours of programming, revisiarn anti allied

.4!

activities in each school year.,.

,.. . ,

in most Schools today
.

there'are few tochers_that have the backgroUnd,1

.

/ .

g.

inter,!!;.and time to use BASIC, the widely available and easy-to-use, powerfa,

. .

- /-.
_

. k
.

_

tompUter language.. Time ib what teachers lack mosL The contribution of. Ehose
' ,

v
,

. ". '.
0 1. . .

'4.
. .

teachers who are.,(or become) competent in dhe range of activities surroundfng
.: 4 1 . . .

educational applicat:ionsuf cgmPuterb is-..mos.p. important,-but thia gadre-de teachers. ... ,

. , . . ...,

/

..,. .

should concentrate on what Only tbey can d6 (promoting and dembostrating instruciconal
-

applications of computers throughoUt the school and guiding the stUdebt.-consultants)

. 'and not dissipate their efforts in a vain attempt to program for everybody.

The conclusion is .1.ear: in most secondary schools.the student-consoltants

are.the onl resource for su .artin the uantit and variet of com ut r services

that the coMputer for the whole school needa.

However-Logical it is, this codclusion would be vacuous if Students were

unable to provide this large scale, expert support. Hut it is.known; from':

experience irt schools in British Columbia., for example, that they ban.

* Remember.that there are man fferences in subject, level., siyle of tomputer
Use and' of classroom teachin (and therefore of evaluaEion and of coordination
required).for the.20 programs for the ten teachers. If the 550 hours seems a
smell amount of work in some schools (whieh seems unlikely), remember also
,that there are hundreds of 0 minute slots in the teachers' classes that could
be.used adliantageously by'students exercising the computer in their studies,
'if programs for thet or guidance for them in the programs they write are
available. And then there will also,be five or ten programs thatadministration
needs to have written or.changed, some ofthem small and some of them'among
the'l:argeet used in the school!

. 19
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6. Hardware and Softlare Needed for Computers for the Whole School

When computers for the whole school Cs implemented: all atudents get some

familiarity with computer uses, and the stuallont-consultants serve many people in

the Eechool community. Development ahd maintenance of the cadres of students and

'teachers who make possible this central.role of students in computers for the
4

. ,

wholetchool is a difficult task.and plearly an important one. It will be assumed
,

for our present dipcussion that this task can be accomplished and turn4oUr attention

the hardwAre and software.
.777\e-

,Use f thd Computer by all stubents or by singe teachere in many diffprellt

1..ddsea does impoee differeht.requirements than.does the use- by atudent,consUltants .

,t '0 .
4

for''thdreir aid to"401ih'ertand't/iefr peisonal'Orogrammihi 4cti'Vittesr but all t:i.theet:

,
.

requiremenfstan lie met by the'thaxicalculatorl .What requirements are imposed oh

'the hardware and aoftware of-the mskitalculator'itetudents are2.to play these twO
;-.

.

central roles'r in answering this questlon let Lid return first to the three
_

,

. .

. ,

.-11.. eiTected outcomes of computer use for every student.*
._

.

--..

a. Computer literacy. A computer facility; as -powerful at a maxicalculator .

it needed.if all stlidents, and many teaChers and administrators are,to

'realizewhat computers can and cannot do and"something of the impact of

computers ou the lives'of us all. Calculators smaller than the maxical-
,

culators are less pawerfUl and less easy to use for a visible variety of

purposes that each member of the school community Can relate to. Only

a few members of the tommunity will need the added por*irbf,computers

. that are larger than the maxicalculators and.generally more expensive.'

4

The maxicalculators can illustrate all elemefits of computer servites

(ma the danprs of uftwise or malevolent.actions supported by computers)

that must be.understoodvin the process of achieving computer literacy.

* We not that all uses of the computer for the whole scho\l required that the
,

system be flexible, easy to use and "ready to go."' Othe isetstudents and

teachers will be "turned off," and for a good reason!

0 .



But it must not be forgotten that the content and quality of the\class-
-

.room,teaching about computer literacy (and not just.im mathematics classes!)

influencesthe success:of this outcomefor the stafts as much as does

theenatureof the computer. Theauctess of this outcome;alsci depends

- iupon pftware (like programs ill.40teabg many uses of computers and .

an easy-to-learn language'such asBASIC) that makes coOuter egerience
4 -

accessible to all Students. Seekinethe other twojoutoomes places -
NN

,

similar requirements upon the hardware and;software.

b. An elementary-knowledge orBASIC. ,.There is every reason to have the.
. .

best version of BASIC a4ai1able.(and thisj'S availahle dn'two of%the
,

naxicalculators).. Any user-can then make-the most effective use of

4- the talculatoe-for hia.purnoitle.mithoutheing hampered inhis programming

.i4
, .

(or dependent on:someone else'&,fancy:prograMming to get ar(ound the

Limitations of's. poor implementätiv, of BASIC).*

The qbelity of'the teaching and, advising of students learning the

4

elements of 'VIC, whether aided .by.student-consultants or by teachers,

and the quality of the off-line material, contribUtl as much.to the-
,

auccess .ef the training in elementary BASIC as-dims the 'quality, of the .

BASIC implementation on the computer. On-line -materials (exerciees,

tutorials, definition& Of commands, good diagnostics, etc.),have theic

place too, especially the good diagnostics. tut it is unwise to assuthe

'that, most of the elementary BASIC training of students of different

ability)and interests can be left to the comPuter alone! Each student'a__

needs and idiosyncrasies must be matched by help from a .perceptive person

(student-consultant or teacher) as well ail by the limited help that a

computsr.lesson or diagnpfitica WM give.

* The usa.of APL should nut be ruled.out. APL-is a very well-designed And powerful
language, much easier to learn than -is generally appreciated, and recently
develOped in hard-wired formJn an inexpensive computer made by Micro Computer
Machines.
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c. community'.. The computer by itself does not create community. . It is

people who achieve community, and even the older, less powerf6.and

less portableminioomputers can assist skilled;cadees of students and

teachers in creating community. -BUt the easier it 141 for e ch-user to.

.

'have "hands-on" qr nearly "hanCls-on" kperience on .the amp terj and

tbe greater the computer's flexibility the more Aftect will be the-
., .

computees.contribution to aglieving cOmmunity throughoUt the dehool.

It appears%that the daxicalculator supplies- thia "hands-on".use. with'

'the g
430

reatest flexibility and economY.

When a studenehas direct access to'a maxicalculatof as his helper

in his own school-based Casks then he can be motivated to use it and

understand ité role in Mit life. A Part of thia motivation can be.

achieved by the student if he uses the smaller, programmable calculators.

7 However, if he does-no programming with 'them then hais lust speeding(up

his arithmetic calcUlations or at most making,use of canned functions

and programs whose somewhat mysterious but trivial-nature he marnot

fully understand. If he does vrogramming on one of these smaller machines

he will find it' more difficult than using BASIC on the maxicilculators

and.much,more restricted in programming power and in ease and flexibility

of input.-output.. He thus will find it less convenient than the'maxi-

talculator for doing many Of his awn personal little problems, which he

. 6
needd to solve in his ;own way.

Small programmable calculators can have a valuable place in qua

School, but these smaller machines cannot take the place of the maxi-

calcuators, nor of terminals Using BASIC on a time-sharing system.



d. 461ther aspects'of hardware and sottware; One questiob enttri into the

consideraeion of each orthe three desired outcomee for the students, the

question of what are the effective roles of the maxicalxulators vs,

time-sqaring,
s
interactive terminelsAn comOuters for the whole school.

A partial answer to this luestion is needed here even though null

treatmebt tuft-wait until.more data covering computer. applications in.

, the schools have .been Collected and analyzes.

The fast batch capebilitiesofthe maKicalculator.wilI'proxide

Inexpensive computer service for huqdreds of students (6 01or- more student
,

jobs per hOur) While leavingmori than half of-the school day I-or hands-
,

on operation of the calculator. The interactive terminal iebluch mbre
1

expensive.per studentlob rtp. It can give immediate Anteragtion for the

user (a capability that is:not alwaya needed or desirable) but not the

feel of handling oppte awn data and prograns as visible; tangible card,

decks.* 'Time-sharing interaction does oot enable the user toprepare.

these (mark sense) card decks At home or in the classroom. The hands-
)

on operation of the maxicklculator (when it is not being used for fast,

Batch) amobnts ta the uae of a "'super" time-sharing terminal, with many

capabilities not found in the terminals commonly uaed.for time-sharing.

The power of the versions .of BASIC available oh the maxicalculator

and time-sharing terminals are and shouid he equivalent--only the bast

shouId.be contidered acceptable in either case. A good time-Adhering

system (but not allot theml) provide flexible, easy-to-usefile management,

and so does the'maXlcalculator.' It has been customary to do large

The noilices.in comPuter use often like to use mark-sense cards rather than an
interactive' terminal,-but this is only one facebr of many to coneider in
comparing the interactive and noninteractive modes of computer 00e.

23
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calculations in batch moe on large computers rather than through time-.

sharing. This distinetion is now a fuzzy one because a time-sharing
-

....' terminal can be given access.to precompiled (therefore faster and more,
y . i q .

.

economical) programs and may also be used to control batch operations. ,,

Also, the distinction,is not relevant here: all but a smkl fraetiqn of".

the jobs in a school, in either. instrqctional or admIristrative_applicaeion's.

- -.of the computer, 'e'en be-run efficie ly on the maxi:calculator, beCause*

tts design'rppresents an effective balanee-among speed, memoiy size and

ease of ust. -

The matter of memory size is linked to anothef aspect of computer:

use, that of securOy for each user'sples (programs and data). -The

Maxicalculatdr provides about 80,000 bytes of memory (abont 80,000
.'

alphanumeric characters, or 20,000 numbers or 2,060 lines of BASIC

programs-)an each of the user's tape cassettes.* The security for files

is assured simply by removrng the cassette and taking it away from the
. .

, calculatoOt.No "eign-on"-orfile protec0 codes are needed, as thgy
4

are in the time-sharing sygnin, codds that can' always be broken'and

frequently 'arel

7.- 014pcluding Remarks

-

We have discussed several aspects of student roles and computers for the

whole school.. Wehave described the activities of the students in using the

computer rather ihan describing how these activities are developed a school,

preferring te,consider this develoOmental aspeet in a separate paper.

* Disk memory of up to ten million bytes.capacity can be added to the daxicalculator,
and it Can drive a plotter or connect to a larger chmputer, but we shall not

4 _discuss these and other exothsiens of its capability here.
,
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The activities of students are discussed. briefly in many repoits,and,papers,

but is seldom the:focbs of .the discussion, One recent paper (Refereace 9) is,

however, of special filterest beZaule it analyys ths experience with six rather

.different computer related learning pro(jects in cpliiiik and sdcondary schoOls.
.T

Ad with many papers In the Series,04611r discusSion here is introductory and,
4

4 ,exploratory, though it is basdd upon long experience in a few 'sal-mole, Va-
.

.;

expect.that the further experience of students, teachers and administrators in

the schoofs and of stuff and students at the tfiliversity will help us in the future

to modify and extend our discussion of student xoles where this ii needed.

Z5

- .
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