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An's'rRAq"r

) Applyiné computers for the whole school requires active student participation:
all of the students use. uhe computer for prOJects o classwork, and 4 small cadre

of student-consultants contributes directly to effjcient use of the computer in
. N \
! :the school. These student activities generate computer 1iterapy, the acquisition
. |
of a computer language (BASIC), and a feeling of community throughout the school

&

The-applications and programming of the computer‘vill grow out of the activities

\

or.needs of the student groups involved,

\]
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1. Introduction

4
s

T o . ‘ i . :
" Schools are respomsible for providing educational resources for their

students. Resources include human ones--teachers, aides, administrators and
\ . . " N oA

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

Lo '
addition to the school plant,

Ty ' f§omputers are one of the wer resources., When computers are used for the

' whole school (Reference l), 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 cal} student-consultants"#) support, through their computer -

work, a‘large part of the computer-uses for everyone in the school. This,fraction

R Y .
LEEEEN

—_—
of the students become responsible for providing much of this ney, computer-

based educetional resource for the school, '

R K ~

- Students, by being served by the compufer and by providfng support are

-n‘ t

truly 'where thegaction is. " iIn both roles “the students express and help
®. A}

develop the educational philosophy of the school ‘The putpose of this paper is

A

to describe these activities of students in the gcomputers for the whole school"
philosophy. . . - .

The students' activities are evident in three types of outcomes of computer
use for the whole school: ' computer . llteracy, kﬂowledge of the BASIC language,

t
[

-and "compunity.," .o v e ‘ . N
) . : ' ta A
- . . ;

We shall first examine thHbse outcomes in some-detail and also the nature of

‘w

elementary instruction in BASIC and in'computer use; fhen discuss why-it is that
» O o R ’ - ' . - o
students can and should be a resource in computers for the whole school; and

, . i N ,'. R . l. o‘ -' - C . . ‘-\ .

finally, the implications of these student activities in chbosing”hardwareﬂand_

T

-

developing software.

L S, ) R . ¢

. . ! .
[y . . . . . .
* / . . — 3 [
« . 5 N ’ . .
* 4 S H
. " .

* These’ individuals are both sftudents’ and consultants. We therefore use.the
hyphenated form "student-comgultant." : e . S

.

o7 :
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') Since we.shall find it convenient to use the term maxigalculator, we need

/// s ‘What can a computer do and what can 't it do for a student’ What is it Like-

g =
- R

r o

ay more about/it"here. We use this term to describe electronic callculators )

"ithat are as, powe{ful as - the older minicomputers but more flexible and portable.
!

The Hewlett Packard 9830 and the Wang 2200 are examples of Such maxic lculatore

//

‘ that ‘are esPecially well suij?d to provide: computers for the whole so ool.
A maxicalculator system’includes a multiple-use keyboard a mexicalculator

with "wired-in" BASIC a fast thermal priqter, a fast batch reader for mark
! - " j ’ .
sense and ‘unched cards, and a .tape cassette drive for secondary memory. We note

i rd

.that a max1calculator wpich serves the whole school community, costs from $5, 000
to $15,000. e v } ‘ o
2. Computer Literacy ' . . i o -. / . _ .

. L N
/ ) -

‘to ryn a computes or interact with it? What respon81bility do students or -others

" have to see that computers are used wisely ~and equitable in the: schooI’ The .
0 oo 7 '

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

.

'literacy when they can answer such questions as these.

A

. . ’

Computer literacy covers the impact of computers in society, how they affect

~each student and his fellow citizens what must be known about computers in order
. Pl . -
to enjoy the services they provide, and the need to prevent possrble abuses of’

3
.

computer power, . ) S - -

. . ’ e v . » ) p
. Computer literacy is- gaimed through specific discussdons in classes* with
well-informed teachers and visitors, by,assigned readings, and --what we stress Sy

“here--through students ~own experience with a computer and observation of others

v

. using computers, Students should be advised “EXPERIMENT! That's one of the
many things the comPuter is he¥e for." N ’
-~ \ . ) col
* Schools that place great emphasis upon computer lite:acy .may. give this as a
_separate &ourse treating, for example, the cemputer's capabilities find limitations
! the historical development of computers, the various 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 hammer
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Let us look at .a few types of student experiences that are related to computer

-“ﬁr literacy. se experiences will ,often be tailored to the needs of eacb student

¢ . -

He will use realistic simulations of. problem solving and ‘decision making that will

be encountered in jobs or in later schooling (for example, running‘; business,
doing’ accounting, or contrdlling environmental pollution); and the experiences‘can \\
» . . ' * * ' . - ' - ’ .

inelude mind-stretching and aesthetic agtivities, ones that sttess synthesis or
-realizations of imaginativé processes, Iheimaxicalculator can help to bring under-.

standing amd"community across“these varied, problem orfented and-value oriented *
_ ‘ . - . ' o, ' . oL o . . ’ :
. o Ppursuits, . ) - . o

¢ . . *
| . .

“

-

students find? in:computer:related experience that the.logic of a computer.
"its one’ kind of intelligence and not another, or fits one situation or problem e
“in the classroom or in society, better than another situatlon or problem, Thus ‘
~/ thexe ts v1sible evideace available.to them of what,computers can and cannot_do;,*'
' Properly'handled,'computer experience will giue:students hoth confidence (and some
humility) reéarding theirsabdlity to use computers. They must also be able :to .
perceive and choose among, aqd respond to, diftexent cogniﬁive styles and ngeds 4 \\\\

////f" whether seen in a text ‘in the classroom or on the comDuter *

» .
1 > |

By experimenting W1th the computer in areas like sooial studies and humanities,

-
.

N students can discover that logical analysis - “even with a computer" dces not by
. . . \

itself answer ouestions about values, whereas such analysis does give immediate -

x

resultsiin mathématics'or physics because of th@'Quantifiable-nature of .the questions .

-

askad. Sojmuch the better. ‘Neither scientists dor students should éxaggerate the

- power of the tools they use, ‘whethér computers or other technology.' $tudents can
. P S ' . =T .

learn also,vin'other'computer4based\fxperiencesl that the computer should leave

'\

* For example, a student- conSultant'may possess a "stimulus centered' cognitive
style and be requ1red to help a $tudent with an "egocentric' cognifive style. A
The consu tant 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 Qith helping the student overcome a concern

with the "personality" of the computet--something which doesn't exist for .the’

consultant B _ . e : R
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them, (or scientists or teachers ) more - free to do that which is truly important--
to perform.those tasks that inuolve taste, judgment and sﬂbtle analysis,
' . ’
Literacy includes appreciation of the interdisciplinary character of computer

v

applications. Computer use helps bring the students in different subjects and .

tracks together in cooperative effqrts because it is often used in similar ways

.in’differeht 8ubjects. Indeed, new aréas of computer use-may.he developed by the

) - o

’students and taechers’ working together on the computer, Such cooperative uses of

-

- the computer cpntribute to the- feeling of community across the school thét will be

.

discugsed in a later" section.

‘.
i

' Finally; computer literacy implies understanding that the computer ,itself

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

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

o« o

.“hardware." Each type‘of training can be broken down into simple; logically .
B ' . * . . . .

'discussed here, the part that is‘needed by all students, andfby those teachers:vho

g - )

school community access taq the computer, == _ '

3,” Training in BASIC and the Use of the Computer . . ',; o

‘

. coa-

«There are two types of training to be considered tﬁLt in the use of the e

computer language, BASIC, and that in'the use of the qomputer facility.itself, the
. v . ‘

‘rerated steps. Only the early or basic part-of each type of ‘training will'he- -

. . " ~ .
- B - .

//’need the same level of computer eXpertise achieved by the "average' student, The -

students can receive the bas1c training appropriately dur1ng their eightH- rade

mathema;ics or science courses, The teachers will gain their understanding of -

BASIC and the computer through private study, informal workshops and working sessions

T . ~ \

and’ through\;orEingmwith the expert‘student-consultantsﬁ. ‘ -ji N

R . - . -
\ $
°

The content‘of each type of training is determiney in part, huenonly in part,

-

“ by the nature of the computer 1nput facility, tﬁat is, thether the input is by

_ mark sense cards @r_through termlnals'to a t}me-sharing system.. The language : s .

-BASlC is nearly the same on most computers that support it;'and‘this‘is most

Y

8 .
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. nearly the case. for those parts of the language ased. in this training in

-

Ri'""" elementary BASIC. The outcome should be the same, regardlesa ©f the computer”

-
1 . e

facility, that is, the student acquires the ability to ask thé computer to solve

.
problems that are suitaple for computer solution, 0ur‘discussion will assume

-
S

input by .mark sense cards . . Co ' . -
, i While learning the use - of the BASIC language, the, student {or teacher) should
!
albo learn how to.pdt a program written in BASIC. into the computer. BASIC I
E

ixFelf almost computer independent is thus taught in the ¢ontext of the specific

computer and input devLcos that are available to the students and the teachers

at th61r school.‘ In this way, tangible, visible interaction'with the computer

C'it's actually doing what I told it to do!”) motivates the inftial 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 thbir own notes

for teaching BASIC deslgned for the particular needs of tne students and clasSes
»

. id their school. Below-is an outline of one such set of notes (Reference 5)

>

Notice that the notes do. provide training in computer usel(that is in computer

Y

v
‘

input) that is developed in parallel with the early training in BASIG

Qutline of Elementary BASIC and Computer Operations*

' a. Introduction: the role of computer languages and of our computer.

language, BASIC; LET, the first computer instrudtion to learn;

. 8tatements. and cards

) b *ff b, INPUT: giving instructiqns and commands to the computer mark .
. ‘ . llsense cards (simulated, unt il stage (1) of the tra1n1ng by paper
T A’exercises) codes familiar in every day life ang 22925 in the computer;”
L - deflnition of a computer program b X

-~

* This training can be made partly self-instructional with self-administered ,
qu122es for the student to check Competence at each’ stage of the training v A

- . ' . Te
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N *

c. . Output: What the COmputer produces for the user; two more 1nscruc-
*

'Eiané; PRINT and END sketqh;ng qhe compq;nr § memory.

d. ‘*Fundaméntal operaéione und codes inside a computer; switches,

.
-

.. L binary represeritation of_numbefs, letters, and of at;tnmetic and

logical operations; the "brainlessness" of‘the computer; why -

F _ engineers designed these representations or codes (so the user can e
- L J

"tell the couputer what to do, and the computer can do 1it)

v

.e, More instructions:  PRINT, "JOE"; the _SQR function; line numbers

‘. f. Solving classes of problems on computers: use of tne 1nstructions
° ‘ . »
P s )

READ and DATA

8- Branching: ‘the instruction GO TO; more format tontfolw(column

N . ; [ . -

T

- heedings and spacing) ’ T .
R h, Commands,(to tell‘the computer hod to hdndle yoof pé&%ram #hen not
| executing it): SCRATCH, LIST, RUN, CARDI
i.*;gxércise for:naking the mark sense. cards s . g
j. Anothen:}nstrnction, IF....THEN | B : :%' ‘

k. Characters aod strings: '$ variables

L . 0
20 -

.1l.. Arrays: the instructions DIM and COM - . . &
oL _ .
m, FORMAT and other advanced instructions.: . . W
. I . : A A ;

Some teachere may prefer to postpone this d1scussxon until later ip the .
"elementary- BASIC training. ‘ : v

** Thig {# the first time that the cards are used by the student& but by now
the students have a repegtoire of instructions and commands théy -understand
. and which they have .connected with their earlier, boncomputer experience. They
! w111 use the cards in writing programg ard runnlng them on the computer of *
o max1calculator ;J/ . s
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. w. Implementation of computers for the whole séhoolr1ncreaaesrthe'foeling of
: C . » .. . .
‘g'om,un‘it_y across th! school’ This f\nhancod feeling Qf comunity* comes from the,.

”experiences of ‘the tudents (and others in the:school) 1n.shar1ﬁ§'the use of the

.
LN

coﬁputer Tesource
L * -

;; The somputer 1d>ndt A resource just for one department ‘nor ¥ w

1“3tffﬁf an elite group oﬁ students * The experiences gained by being 1n\contact

. Looe : L.

with the' .';'o:;ipuc’g

» L

L
-are nicely classified by two kindl of student activity, ench
. . SN v
of which contribu es to communxty the activxt)es of all students who ;hare the &a

-

;;/ - computer as-a resource and the acttvities of the student cbnéﬁltants who share

i * +

responsibility for the effectlve use df the reSOurce.i,

-

; X T . .o P o . ‘-"a'.._ ) . . ‘.
T 4,1 Servico to All Students \ ’ Sl .
\ s . .
Let us look at a nuhber of dffferent ways in uhich computers can\be of
service to all students 'zf-' o .-' : _».: g . ; '.\ - ’

<

a. Even though the schoot's computet may support more than one computer

Language, it is’ore languaée, BASIC; that 1s’used most fre tly by

y o everyone, that programs for the,computer, whether: large or small programs,

.

. " and each user sees that this language is adaptable not only to one's

cwn problems but also to computer uses by others in-the schéol community.

>
t - .
-

4 . .
i! * A sccond type of “'cormunity," that within the city or dist t supporting the
school, is also important to the success of computers for t whole school,
, iy 1f there are good relations between.this secord community,and the schoel
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 of community, that
within the school.

.

o3 )
The spirit of this first type of communxty is contained in this paraphrase
v of the words of the 17th century wystic! Isaac Poninfton, '",..for this is the
true basis of community, not that.a person walks and does just as I do but .
because 1 feel the same spirit and life in him--this i{s far more pledblng to
( me than if‘ walked just in that track whercin I walk "
@ : . . T
. . 4 » -
7 ': 1 Y . ] . ’
. . 1 " )
- B f-‘ . -
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Students involved in studying aapects of science or technology find . v
: —_ : B

e & . .

many applications of ' the computer. However there are many students

; primarily or wholly involved in subjects other than science or t:hhnology,

and the computer can serve them also, often in ways that are immediately ~

‘ N . ' M .
related to the student®' 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 godification of grammar

-

‘or vocabulary, in psychology, the analyé’% of personality test results

and in dbmestic science, the yards of cloth required for a garment design.
!

In each of these ‘uses of the,computer, students also gain computer

.

literacyﬁ in the. form of added understanding of uhat the computer ¢an.or

cannot do. A ¥ : s .

The stuéents most gifted in using the computer should have°their day teo

neither being neglected nor dominating computer " usage. (See Sect&on 5).

“

Scme students will continue to use the computer for a'spEcial reason
B L

after their first introduction to it,, because th’//pill be working in

~

s 4 <

the field of data processing after graduation from high school The

computer can serve,them, bUt not to the exclusion of any of the other
» > o . : - -

AN

users. Training.in date processing is not'the primary goal in the

philosophy of computers for’the whole school,

»

Many'students convince themselves that,math is“logical; therefore, if

they'refnot good at math, then they're not logical This attitude

" e

should be defeated because a lot of students thh an expectation -of failure

are afraid to try mathematics. They put their best efforg forward‘only

expect to be able to understand math (or basic cdmpu;er science'or

to be Tmbarrassed by making mistakes., They should, instead; cpme tO -

\'x
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. : - 1
i business arithadtic,...), rather than to expuct not.to be able to under-

- ) . - ' ' . . . { 3
.stand- & subject, Tbe\com;ukgr helps thcése students because it is both
. '. . B . . - ). . .

v prlvato.andipatlent 46 1Cs'¢aals;5nce {in drlll, as a tOtorlln u'lubject;

-
4

or ad a simu}atqr of many different phehomenn. _
+ .' . . LS

y f, /The computcr liberaten ltudentl from thlnktng llke tho ‘teacher or text-
- - .
4 L

\
"book. It has long been recognlzed that a certnln kind af "1ntelllgonce
o [ . !
. L i1s required to succeed" in schodl--a klnd of lntelltgcncc 9ot partlcullrly-

better or more useful than any nther. The computor ll vllling and able-
to aCCept any argument (and thu 1nte111gence that llel bchlnd 1t) tha&
""" . falls roughly.lnto the cutogory of Arlqtotellan logic. (This 1ia the loglc

. . of the Hcstcrq Qétld,.whlch“perhipl should warn us again of the limitat{ons
-

- ' of comhuters ) ; _ . " .
® N . R . . »

g. Computers lose purt of thclr mysthuc, as thcy lhould when they become

-

the students' servants, Louputors also lose-another part ul thetr mylthuc

-
- . -

whcn thc 8"d(nt is allowed unrestricted cxpcrlmnntntlon Thajcompucvr

- R N [ ]
ncceptb almost_ud& cumblnnglon of nonucnue-und inspiratfon (nput hy the v

' , . ’ 4 . ‘

student, anything produced by intuition or design or guesswork or urrog,

_ . ] o, R ‘~ ~ . -
. and treats this input in an antirely cnnnlnt‘nt manner, giving results
’ Ve 1 that are more or less complete, with some lndkput!nn to the student
as to why.;hcie results occur, ,
! . TN
4,2 Lompucor Sg;vlcag‘Prnvtdod by Students » <! )
A cortain numbon of the utudontu ‘probubly a lcw porcent of them, will learn
how to use the compuler axtansjvely and with great skill, In computers for .the
. “ L !
wholg school,’ thair computer activity will serve both thelr parsonal Interests
' \ﬁnd the computer needs of othors, teachers, administrators, or fellow students,
4 ' '
13
. BE \ .
e o N
. { Yoo
~ /r
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) Student-rgﬂqultantn c4n be iuund smong the.;tudcnts with hléh or low academic
achieverents, but the computer capabilities of studeht-consultantl'can.be‘v?ry
' grcit indeed. For example, two high school studedts tn British Céyunhtn won a

astional. cohtest for professional programmers; and in Conpecticut a freshman

. siudcn% Is writing legsons for the PLATO GAl system, performs tonputer analyses
‘ . . - _ / :
of data {rom ce¢ll mewbrune atudiesn, and will be c.'n-nuth‘nr of & paper on’ thesc.
studies, . .
: ‘ !
The l:ﬂe of these student-consultants {s an essential pare of computers for
. A
the whole school and fts community., They bave opborIUhittes to observe that
their contributions to the schoul .gommunity, by aa-éatlng‘b}hcrl in using the
. A Y ' '
computer, pryvides privileges. and recognition for their expertise as-well ,an
1] . . ‘ N ‘ . N . .
“responatblility for the quality of their work, It ts a valyable life experience--
. ‘ . ) N : { L T
one of few available (n achool *  Let us look at some of the activities of thesc
K ‘ . s/ C I Lo .
ltudcn_l~(")nmlllthtl. e ) ’ 4
... . ‘4.. ' . ~ .
a, Cdven ndcquat" fnftial definfttion of a coﬁ;iute'r job by a client (teacher,
’ . . 4 . . . :
‘ . ‘ student or admin{strator), utudcnt-cpnlplkan}l (wofkiﬁg tndividuully or
. - s v . ) o Al ‘ ) . ‘ : . .
\ y in teams’) can do the job of compute’r operation or programming and also
2 “whow wﬁut ullucuffbn of resources (computer capabilit.os, combutcr time,
sprogyamming lkllll;,und.tlmc) {s necessary to do 1t. If the job can be .
and {8 dong they can nlso dotermine whother the job tu trivial or defficule,”
! a charactoristic that often cdnnot be dhcldnﬂ‘wlLﬁJvertnlnly hnfnré the
(umpuler'_ job (s attempted,
- b - : ‘
» Sums students have poor scademic regurds but are careful, accurate typlate,
.They can also participate Yn the acQool community, 'Such afudents caw, for
. example, Use the maxicalculgtor to produce specialized attendandh_records,
rapidly and etticiently ‘and recelve récognition for thelr work,
. . [
And the work of. students uh'admlniutrullvo applications of computgrs shows
.. thaem that there is fndeed . a human hand (n ndmtntu;ratlvc activitionl

. /(
. . [
. v .

Wes
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a2, o
b, .Using properly chosen crlteria the student- connultants can check-out

-
'

programs of dny kind pbtained from any source to find 1f. they are
debugged and are adequately documented and explained for each type of
a . . T, \
® user ‘that- will depend on that program, - i o a N

c, Student-cons

tants can develop and perfect programs (compilers,
ystemsg, schedubga,.etc.)\shat wtlllserve many different . . - )
" ’ .
\° . . .. * [
computer. In this sérvice programming,, and in the programming,

information

‘users of t

. . » . « “
" that develops directly from their personal interests in using the computer,
Nt : ' : ]

these students are the ones most likely to make¢—use of (pnd become exbert-
. N

. LI 8
1n) more than one computer language, if more than one 18 hvailable ~i»

Thus some students will do good programming in FORTRAN or in an assembly .

language as wcll as in BASIC. N

N

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

’

v -,
use and demonstruplng the computer and {ts ‘us@gs to other students and

-

! ' ~ to teachers, administratbrs, and visitors., Giving an effectivevdgmonb

strdtion, tuned to a given: audience requires considérable sensitivity
I\ -

* and understanding,” It 48 an undertnklng whichaghéuld be taken seriously,
‘ for {ts success or fallure may strongly inlluence,the*opinions that
. ' ' thoso scelng the demnnet:ation will retain about computers and thei;.

uses, In developing and giving effective demonstraf[ons the student-

consultants can gain valuable practice in expcsition, in communication

and {n {nterpersonal relations.

. . : /
¢. Student-consultants could undertake another computer-basod gy(fvity, one

that sorves the other studcnts,‘aﬁd that would challenge their imagination,

. honesty, and uk{lls to the utmost, The activity {is that of developing,

administeriny, and evaluating computer-based {nstructional materlals, a

. . tadk that has buen completod with full success only seldom by thair elders.*

* In‘una spchool a few student- consultants prepared in one someater, some three
hours of computer-bused . {nstructional mntorinls.\

10)4
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CAll stand to gain in at least two ways from students' efforts to design and

evaluate these materials. First a few of the students will acquire a love of

ﬂ . - \- .
. teaching, an appreciation of the assistance that the computer can give to the

e

.teacher - and an acceptance of the éeal challenge of trying to realize the :

-
-
.. b

f‘instructional potential of the computer . Second ‘the students who try théir hand
-~ '

at design and evaluation will be bringing a new perspectiVe (chser than the SN
teacher to that of their fellow'students) and less of the inflgxibility and

habitual processes of thinking that become part of the make-up of almoat any

"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 ownJclassroom work and then alter it so that it wiqu”
be suitable for hélping several other students of different background and
'gcapabilities.‘ . _ tu._ a s , . . .

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

< In Section 2-we saw that a certain fvaction of the students .(say 27%) become ¢ '

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

‘shall discuss why'it is advantageous to these student-consultants to. be such a
~ " resource in these computer applications and also why it is one. wayt and pethaps» :
the only way, to. develop and maintain an adaptive fully implemented phi osophy
. of computers for'the'whole\school, vith all- the advantages_ot this:p ilosophy.

) . . ) . o
5.1 Why is it advantageous to be a'student;ébnsultant?

v

the instructional applications of computers. They ‘can prog am, demonstrate,

A »




. o -, ‘ . ) ] - Ry .

superviSe and operate the computer’ and its’peripherals evaluate computer based

. g lessons and simulatibns, and articulate these witb classroom and‘laboratory

educational experiences " They can also aid each of the sccivities that support

— the administrative applications of computers whether for uhe principal 8 office,
for_individual,teachers or for student clubs. The students also; of course, are
encouraged to develop programs arising out of ‘their personal interests and

-

.icapabilities--a privilege earned by requbsible service to their clients They
'thus-haVehthe opportunity of seeing the full picture of computer use for theo
whole_school communfty while at the same time developing self- respect that supports
thetr cooperative work with others. | R | . . o .l

. 3y s , : } ;
R U These students gain experience in trying to be critical, responsive and

.

Te g

s -

responsible in their worklﬂ They learn something of the applicability of a-

problem solving Approach and they will begin to inject valuzjjudgments into- their

v
i

~thinking as a needed’ complement to wholly mathematical arguments They are thus

“better prepared for judiciously combining‘values and logic in situations and //

sdudiés encountered after, high school, ‘where often the successful cooperative- '
P

L. use of computers and other resources depends upon a proper mix of the human
P .

social, and technological components. oo ’ ' o ;

. o . . . . 1

’ More rqdically new activities for these students can be developed One
activity for a group of advanced student-consultants would be to take primary
. responsibility for formdlatingvthe specifications of a new component|of the computer

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

' Or pdssibly a student cadre would-take on the. job of "spreading the word "

)

N . throughout the school among selected teachers as well as students regarding the

applications of computexrs for the educational work of these potentiaIuclients.

We have already seen pfecursors of such high level student activitief in several

- ey

- schools.i
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P 5.2 QWhy are student-consgltants‘essentiel?
e o~ :

4 When in full operation‘a computer for the whole school r quires the effort%

I,

"~ of many people with many types of knowledge and understandin -work that contiuues

~

"from year to year as it adapts to the changes in the "school ommunity and its

v
ca—

. detailed purposes. The whole operation is complex, as would be expected for an
. 5 N

educational tool (in this case,. the eomputer) that ‘serves go many so well and in

TN . ¥ S
80 many different ways. But the complex.operation is the /sum of smaLl pieces

- .

~~ very‘often be.a’student.

- N here in ointing‘tp'the essential role of ehefstudent
*. 4 - 4
: an examp e which is developed by asking a series of }estiona.
) Pl " /-
o _ What work is needed fﬂvorder to develop g small comp%ter simulation, .say -

. It/is_enoyéh§to_giVe“

2

for environmental science .or for social-studies clagses? (See Reference § for

a discussion of Such simulations.) An'estihqte might look like this:

r‘/ '

~ o

r :.10;hours.v’i, ifbrery work and désign of th simolation
n ) ielhouré F - progranming~the‘stmelation for the/computer 2
! E .15 hours | thorough testing and revisi‘n before serious use with clasaes
s 3? hours h‘(The tot:I might be 20 hours 1if one started with an existing.-

one old (reyised) one, The estimate then is that someone must spend some‘SS hours T

. i(give or take a factor=or two) to prepare t‘ese two simulations. Who haS'the

time, energy, interest and expertise to do, this? 3

‘Suppose, further, that there‘are ten‘ eachers in the school who ate alrehdy
- : * - é

interested in instructional applications ¢f computers and that,they wish to uge

. ’ ’ 4 ’ . o ) EE ) , . .
a total of 20 small simulations or progr ms'requiring'gsimilar work to prepare,
. & ' ' ' ' ’




-

~

o E R T

Some 550 hours\of‘sork will be needed to prepdre these,* Who-has the time,

. - . : v e
energy, interest and expertise to do this? .

The figures can be changed to .fit the school‘and‘stage,of'computer utilization,

-but the point is clear: \a fully implemented'computer for the whole schoolb
. Lt ‘ . ~\ . . - . i
: requides hundreds, not tens, of hours of programming, revisiom, and allied
' N . 3 .

activities in each School year

- [

v
‘s ' *

! In most schools today there are few tgachers that have the background

. - K‘
/ - . N
inuez:g; and time to use BASIC the widely available and easy-to~-use, powerful,
' 'computer language . Time i§ what teachers lack most. The contribution of those -
- \ Y . . dw - ',‘\. l ¥,

teachers who are. (pr become) competent in the range of activities surrounding
L « - o O .

-.-.educatiOnal applications of computers is'most important ‘but this. qadre -of teachers .

+ )

shouId toncentrate on what only they can do (promoting and demonstrating instructional

r(" ”

.applications of computers throughout the school ‘and guiding the student-consultants)

B . "and not dissipate their efforts in a vain attempt to program for everybody.
o ‘ The conclusion is élear:  in most secondary schools. the student-consultants
; ~r—

A

are?the only resource'£or-suppgrting the;guantity and variety of computgr services

that the computer for the whole school needs,

- [§

However-logical it is, this conclusion would be vacuous if students were

unable to provide this large scale, expert support. But it is’ known, from .

: experience i schools in British Columbia for example, that they han.

p— .
_* Remember  that there are many-differences in subject, level, style of ‘computer
use and of classroom teaching) (and therefore of evaluation and of coordination
required) for the. 20 programs for the ten teachers, If the 550 hours seems a
o smgll amount of work in some schools (which seems unlikely), remember also
. that therxe are hundreds of 20 minute slots in the teachers' classes that could
" be used advantageously by’ students exercising the computer in their studies,
. "1f programs for them or guidance for them in the programs they write are o
available, And then there will also be five or ten programs that administration

peeds to have written or' changed, some of them small and some of them among
the largest used in the school! ’

[N : N
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6. Hardware and Sof are Needed for Computers for-the Whole School

.

- _ ) When computers for the whole school {s implemented all students get some

fa:nilianty with computer use's, and the stuckmt-consultants serve msny people in «

a s
. -~ -

the school community. Development ‘and maintenance of the cadres of students and

.

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

- 8t -0 -

whole school is a difficult taskxand clearly an . important one, It will be assumed

for our present discussion,thet_this task can_be accomplished and turn our attention

‘. to the hardware and software. L : L : . ~, .
] ' . - o o N . . .\—‘ :
. Use of the computer by all students or by some teachers in many. di£fetent

¢
-
-

’tldsses does impogé different requiremenﬁs than does the use by student consultantsf ';

vy ¢ . . / : A
for their aid to dsherk'and their personal programmiqg activitics, but all of these ,

.

i . PO ‘ . r .._
¢ requirements can be met by the maxicalculatox, What requirements are imposed ot ‘

) .

"the hardware and software of the maxicalculator if ‘students are’ to play these two " i;?
o central rolés%‘ In answering this question let us_return first to the three ) '
‘\“!.expected outcomes of comouter use for every student,* © ¢ ‘;n .

\ a, Computer literacy. A computer facility:as powerful as a maxicalculator .

N

. . ’ is neéded . if all studeqts and many teachers and administrators, are to

realize what computers .can and cannot do and something of the impact of
- . LN

o2

| ' computers on the lives of us all, Calculators smaller than the maxical-

- | l, - culators are less powerful and less easy to use for a visible varietp'ofr
A : purposes.that gggﬁ member offthefschoollcommunity Can”relate to. Only

a few membeys of the .community will need the added powétfof.computers

» . i. 'that are larger than the maxicalculators and,generally more expensive.h .

: ) . .
The maxicalculators can illustrate all elements of computer services

. r “ N
F‘ * (and the dangers of ufiwise or malevolent actions supported by computers)

. N .
' - . . -

that must be .understood in the process of achieving computer literacy. .

=

-

. .- - : o .
S * We not that all uses of the computer for the whole‘scho\l requires that the

_ system be flexible, easy to use and 'ready to go." Othexwise" students and L.

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




b'-léw /\y_. | i~ . .
\ ‘ ' .
But it must not. be forgotten that the content and quality of the\class-

5room teaching about computer literacy (and not just in mathematics classesl)

'influenceswthe_success;of,this outcome. for the stﬁ,ﬁnts as much as does

4

T the/ nature of the computer. Theisuccess'of this outcome ‘also depends =~

upon_goftware (like programs ill

2
&

‘atINg many uses of computers and .

.

. an easy-to-learn language “such as?$A§IC) that makes.combutergesperience

| ¢ -
accessible to all students, Seeking the ather two\artcomks places -

. .« -

. . - - . ;
similar requirements upon the hardware and software., RS .

b. An-elemggtagy~knoulegge of‘BASIC'i'There is every reason to have the

~ best version of BASIC available (and this 18 available on "tWo of the

»

v maxicalculators) Any user -can then make the most effective uge of

Che calculato for his purpos s‘nithout bein hampered in his programming )
P ? 8

¢ i

‘(or dq?endent on’ someone else’ s»fancy programming to get aubund the

‘ limitations of a poor implementatiqp of BASIC) * .
‘\ -

The quality of the teaching and advising of students learning the

elements of l‘?IC whether aided by student-consultants or by teachers,

and the quality of the off-line material contribut% as much .to the-

- .
Hd .

"success of the training in elementary BASIC as-does the quality of the

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

tutorials, definitions-of commands good diagnostics, etc.)_ have theit
. £
place too, especially the good diagnostics, But it is unwise to assume

‘that most of the elementary BASIC training of students of different

4

" ability)and interests can be left to the computer alonel Each student 's .

needs and idiosyné;aaies must be matched by help from a perceptive person

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

[

_1computer.1esson or diagnostics can give. _-‘

« . EE ]

2

The use of APL should not be ruled,out. APL is a very well-designed 4nd powerful
language, much easier to learn than 11s generally appreciated, and recently
developed in. harddwired form:in an inexpensive computer made by Micro Computer
Machines.

\
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Community; The computer by itself does not create community.. It is

- . . - . . . a -
people who achieve community, and even the older, less powerfﬂ’ysnd-
less portable minigomputers can assist ekilled;cadzes-of students and
. . ST :
teachers in creating community. ‘But the easier it is for e

‘o

‘have "hands on" qr-nesrly "hsnds on" éxperience on the cdmp”ter, snd

. the greater the computer\s flexibility the more direct will be the:

computer s, contribution to aéhieving community throughout the. school

It appears\that the maxicslculator supplies thia "hands-on" use. with

’. . \
' 3

‘ . - . -

the greatest flexibility and economy,
When a studdnt has direct access to® a maxicalculstor as his helper

in his own school based tasks then he can be motivsted to use it and

N

understand 1ts role in hiL life. A psrt of this motivstion can be"

o

schieVed by the student if he uses the smaller, progrsmmabls cdlculators.

L

-~

However, if he does-no programming with ‘them then he- is just speeding'up ‘

his arithmetic calculations or at most making use of canned funictions

and programs whose somewhat .mysterious but trivial’ nature he may: not

fully understsnd If he does,programming on one of these smaller machines

he will find it more difficult than using BASIC on :h.é maxicdlculators,

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

of input output. He thus will find {t less convenient thsn the' maxi-

talculator for doing many of his own personal little problems,'which he

' neéds.to' solve in his pwn way.

‘

Small programmsble'cslculstors can have's valuable plsce in the

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

" calculators, nor of terminals using BASIC on a time-sharing system.

-8

]
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d, *)ther aspeegg‘of hardware ‘and software " One question ent;,érs into the ’
/
N . h s

consideration of each of’the three desired outcqmes for the students, thev

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

time-sharing: interactive terminals;dn EOmputers for the whole. school,

A partial answer to this iquestion is needed here even though & full v
A . R - _ N
, N treatment mus4ywait until more data covering computer. applications in.

‘f the schools have;been bolleeted’andlanalyzq?. ’ ; . ‘ P

co p ’\ . The fast‘batch capébliitieg ofthe maxicalculator;aiirdprogide n

| | inexpenaive'computer seréioelfor hundreds of students‘(661or'more'student

*fjobs‘per hour) wbile ieaving-more than half of the school day{ﬁor bands-
on'operation of the calcdiator. The interactive terminal is moch more

expensive per student job rdn. It can give immediate interaction for the
user ja capability that is not alwaya needed or desirable) but not the
feel of handling one 's own data and programs as visiblq,'tangible‘cardr
. decks,* ’Time-gharing interaction.does not enable the user to.prepare-

y ". these (mark sense) card decks dt home or in the classroom, The hands-

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

Batch) amounts to the use of a "super" time-aharing terminal, with many
’ capabilities not found in the terminals commonly oaed for time-aharing

= -

‘The power of the versions of BASIC available on the maxicalculator

4
. -t

and time-sharing terminals are and should be_equivalent--only ghe-best

abouId:be considered acceptable in either case. A good tiqudhariné

[y

system'(but not all of theml)‘provide flexible, easy-to-use’ file management

and so does the’ maxicalculator.’ It has been customaty to do 1arge

7 ’
.
0

v s
’ -

* The novicesu*n computer use often like to use mark-aense cards rather than an
interactive terminal ‘but this is only one factor of many to consider in
comparing the interactive and noninteractive modes of computer uge,

~

.
«
‘ 43 ' | -
» . ’ X . R .
. . ' ) ‘- ‘- .
.
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N ) calcylations in batch'mose on large computers rather than through time-

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

- g 4

, ' terminal can be given a:cess‘to precompiled (therefore faster and more,
v ' ‘ 4 . <
.~ economical) programs and may also be used to control batch eperations.

)
-

')/ Also, the diatinction.is not relevant here: all but a small fraetiqn of .

- - *

. the jobs in a school in either. 1ne:2?§tional or adﬁintstrattve:appl}cationaf

-

- ~

: L
+ - of the computer, ¢an be-run_egficie ly on the maxicalculator betause’ - 7 .
Lts design represents an efﬁeetive'Balance»among speed, memory size and

- +

ease of use, . : L. .
+ . . . .

A

' e
. : The matter of memory size is linked to anothef aspect of computeF
use, that of security for each user's filea (programa and data) -The

maxicalculatér providee‘about 80,000 bytes of memory (abont 80,000
T : . > _ R
) S alphanumeric characters, or 20,000 numbers or 2,000 lines of BASIC

”

~ .
programs)’ ‘on_ .each of the user's tape caeaettes * The security for filea

is asaured eimply by removfng the cassette and taking it away from the (:::

. calculato? 'Nov Bign-op"-or.ﬂfile prqtect$ codes are needed, as thqy

"are 1n the time-aharing syfigm, codea that carn always be broken and

: ‘ ) “
N : . frequently ‘arel : RO . oo

N

7. Ogpcluding Remarks , )\ ‘ B t <} |

-

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

.
.

whole school, - We have described the activitiea'ef the students in uaing the

o

”computer rather than deacribing how these activitias are deve10ped in a school,

: LR
preferring te. consider thia developmental aapect 1n a separate paper, .

* Disk memory of up to ten million bytes Jcapacigty can be added to the daxicnlculator
and it can drive a plotter or connect to a larger computer, but we shall not
i .discuss theae and other exetneiona of its capability here.

v

worl”¥
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to modify and extend our discussion o€ student roles where this is needed.
_ ’ 1 : ;

' . ’ ~ . . . /
. D2 :

/

-~ . ’ /
: s B ‘ . g
The activities of students are discussed_briefly in many reports and.papersf

-~ -
’ .

\butlis seldom the focus of the discussloh. One recent paper (Reference 9) is,

f however of special interest betause ‘it analysps tha experience with six rather

° - v
a

.deferent computer related learning p;oéects in colIegSi and aécondary schools
.. N -
- As with many papers in the Series 06ur discussion here 13 introductory and

b4

’
A
exploratory, though it i baséd upon long experience 1n a few sohools. TR

<
expect -that the further experience of students teachers and administrators }n

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

.
i
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