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v Cox'nputers,. with time, are continuing to have a
significant impact on our lives, This impact ig becoming
¢ evident in the field of education, especially in the areas of
instruction and administration. Concomitant with the aboye
trends there is a growing need fohus to have access to i
relevant information on the possible seryices computers can
render in education, A B

..<. - administrators with information about potential uses of
;.- computers, E T '
S 1 am, therefore, pleased to recommend this report to all -
'who. may wish to learn more about computers and their
services. ' ,

. At this time I would like to acknowledge with -

app‘feciation the efforts qf all those who participated in its b

¥ rprep'aration.

. The Hofiourable Ben Hanuschak, °
"~ Minister of Education. '

P E .

i . , R

» . U.S. DEPARTMENT OF
) . : soucangi*rw%ﬂ:::g." ’
) L * . . NATIONALINSTITUTE OF
* EDUCATION
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This report ‘was developed in three phases In the first

" computer mforma_txon needs of educators, In the sec_ond
phase they - conducted an ‘extensive ‘correspondence with *
Lo educatxonal institutions to receive'information about theu'
computer pro;ects In _the. third phase they resedrehed

" availalle Ilbrary resources and wrote the report.
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' encouragément. A R

phase the authors interviewed thirty:-one people to ascertain N
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" Introdyction

Too often people think of “computers as ‘giant brains’ capable of

. unlimited, awe-inspiring feats. Although it is true that the computer can - -
perform computations incredibly quickly, it would be an idle, useless piece .
of machinery if there were no one to tell it what to do. The computer is, in
fact, a ‘high-speed idiot’.. It cannot think. It must be told exaetly what to.do

" in a.precise, step-by-step sequeuce of instructions formulated by a human _

* being. The value of the computer lies in its tremendous speed and unfailing o
accuracy. Whereas human beings tend to become careless in performing =«
tedious, repetitive tasks, a computer can perform its assxgned tasks 24 hours .

a day, Fdays a week with no loss of efficiency.

The computer has extended our capacity to ‘do mtelhgent work '
enabling us to solve problems more qmckly, with less drudgery, and with - :
greater accuracy. The result is a much-improved ability to discover, create,
build, solve and think that will affect how we study, work and live our
everyday lives. : .

Today computers play a key role in scxeﬁce, govemment and mdustry .
Many. banks use computers to speed the handling of cheques and

. {automatlcally maintain ‘bank . accounts. Every major " airline uses a_
computerized reservatlon system to maintain up-to-date information on all
«its flights and allow passengers to reserve seats within seconds by telephone.
"Man could ot have landed on the moon without the computer’s help to
guide his spacecraft. In Toronto a computer controls nearly all the city’s
-traffic lights to keep traffxc flowing:smoothly. The Federal Government is
the largest ‘user of computers in the- country. Everyone is aware of at least '
‘one of its computer applications — the automatic processing of income tax
., returns, These are }ust a few of the ways computers are being used today.
New computer applications are being developed daily and computers are fast
becoming indispensijble. There are at present over 4,000 computers dn - v
Canada. This number is expected to reach 20,000. by 1980 with a total

» investment in computer systems of 12-billion dollars.

'Computers have been. with us for only .a very short time — about 25 -

- years —yet they have already had a profound effect on our lives. Probably
no single .machine has had a3 much, influence on us, yet is more
misunderstood, than the computer. Why is this-so? Why do so many mytHs
and misconceptions about computers prevail among the general public? ,

Probably the_ most widely held misconception about. the computer is
that it can think — that it has a mind of its own. The computer is only able
. to do complex computatlons and make simple decisions. Yet it could do_
nexther of these if some person had not given it explicit instructions to cover
‘any situation that might arise. Thus the computer is no more effective than
the person telling it what to do. : N

-, Are computers dehumamzmg" Are we being reduced to mere numbers
for the convenience of the computer? Too often computers have been used
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_ip an unfeeling way, increasing our frustration andour suspicion of them.
- ¥This need not be, With a minimum of extra effort the computer can be made
< tocommunicaté with people in a more *human’ way. '
o Are computers putting people out of work? Although fewer people will
.be needed for routiie tasks which aze bettcr done by computer, - many new
computer-related jobs have emerged. Exténsive retraining will be requiréd for
people to take advantage of these opportunities. VK o
Is the computer a threat to our freedom? With the -adverit of large
computerized data banks, is vital information ¢oncerning our lives an open
book to’any person with access to these computer files?. Even now,
employers, banks, and government officials have access to personal
» + information on us. This informatiox; may influence out credit rating or
~ jeopardize our chances to get a particular job. Unless very strict rules are
- enforced as to who may access computer files, these fears may actually
become a reality. < F
In this report we shall attempt to answer some of the questions the
layman might ask about the computer and its role in education. What is a
. computer? What can it do? Whit can’t it do? How does it work? How can it
help the administrator? the teacher? the'student? We will try to answer these
questions in clear, .non-technical language withi a minimum of jargon and a

s

PO . 9

maximum of examples.

. : : LI | i
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. i How Coinputers» Work n
T What 1saComputer" )

AR
,\ A computer is essentmlly any devwe for processlng 1nformatlon. In this
. \ report. we sliall only consider the electronic stored-program computer. The
' operatlons af this type of computer are carried ouf electronically rather than
. mechamcally This computer also has the ablhty to store and retrieve
informétios. It stores not only the data upon which it is to operate but also
~the set of instructions that it must follow to solve the problem.” Whereas a.
calculatlng ‘machine must’ be glven new instructions at.each step in-'a
‘problem, an electronic computer perfoxrms each step auto“matlcal.ly under the
cOntrol of its stored ‘program?; N '
Two terms are frequently encountered in any dlscussmn of tomputers.
“One of these is hardware. Tt refers to the physical equipment and electronic .
~ circuitry that make ip a computer. The other.term is software which refers
- to the programs.within the computer that make it operate effectively. These
“are the. instructions written by human beings that tell the computer what to
do. To understand computers we must have some ‘knowledge. of both
hardware and softwm'e' Let us look at hardware ﬁrst, .

PEECEN

‘ T °. Flve Components ofa Computer : ' /\ ' o
S ! [} N - .
 Every computer system — from the désk- top mmlcomputer to the large

.research model occupymg arx entire floor of a building — has five-basic
' functlonal components They are .
-

1. Input : -

2, , Output ' T
A 3.  Arithmetic/Logic o
: . 4. Storage . :
- * 5. Control. . '

They represent the five logically distinct tasks to be performed in a
computer system, but a great variety of physxcal ;qulpment could be chosen
to accomphsh each one.

, The heart f a computer systefn is the Central Processing Unit, or CPU , ‘
as it is usually called. It consists of three sections: storage, arithmetic/logic, e
and control. The’storage unit (‘memory’) is the- place where the data and,

-+ programs are stored. The arithmetic/logic unit- performsx addition,

* subtraction, multiplication, d1v1s1on, and also logical operations such as
‘comparisons. The control unit co-ordinates the activities of the ther four
units, and causes the mstructlons that make up-a program to be executed. -

-1- B
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it will be working. This is accomplished by the input unit: When the results
.have been obtained they must be ‘written out’ by the output tnit in a form
. . / . .

following diagram: - ‘ ‘ S .
S e CENTRAL PROCESSING UNIT - ] ‘
* ‘\‘ ) . J'_ - - : . 14 . .:‘
T e Rt ARITHMETICUNIT | - |. =
L Uhoe 1, conTRoL UNIT ouTruT
: e [ STORAGEUNIT... | |- &
' y . " REE M R S
- : oo - L ' . ‘ . - x
We will now discuss each unit in more detail. .
CIhput T ¢ Vo S

) punched card. The card.is divided into 80 vertical ‘columns eacl of which s

+ . Hollerith coding, after its inventor who first used it for the United States
_ Census of 1890, .

.- card reader can sense the position of the holes in each card electronically and

I'g i
- : -

. L
- ‘ . I .
N v -

-

. The computer first needs to ‘read in’ the programs andidata with which

which human beings can understand, . ] s
The relationship between these five components is illustrated. by *the.

Perhaps the most. dommon form of input to a computer system is thel

used to 'represeht a single character. Within each column: there -are 12
positions where -holes can be punched in a coding structure’'known as -

When all the information has been piinched into cards by the use of a
keypunch machine, the complete card deck is loaded into a cgrd reader. The -

gend the resulting pulses to the Central Processing Unit (CPU). A typical card .

- reader.can process 500 cards per minute.

. Another device operating on the samé principle is the pqpeF tape -i'eader;. -

N 4 3 . 3
- Information can be coded\as a series of holes on.a continuous paper tape and '

sensed in tife same way.as the holes on punched cards. . .+ .
* Both of these devices operate very slowly compared to the speed at v
which the CPU can accept infoxmation. A more efficient input device is the P
magnetic tape drive. Data can be recorded on miagnetic tape.in the form of
coded magnetized spots, The spots can’be packed very closely on the tape — -
usually 800 characters per inch for a total of 20 million characters gn areel ¥
of tape. = S o~ 5 ) ‘s

- All of the above inpiit methods have' a serious drawback. Using a
machine with .a typewriter-like -keyboard; 4 typist transforms the: ° )
information in the source document into holes.in cards or paper tape, orte
spots on magnetic tape. This: operationi * of . data Preparation is,

~

-time-consuming and prene to error. - - _— R

\ . oL, e, .

. ° . o . .
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What we need are methode of connnumcatlon which ate convement to
" men, rather than to the computer, Surely the functidh of the computer is to
cause: less work for man, rather than ‘more. One input’ deévice pxowdmg the .
desn'ed flexibility is the typewriter terminal. 1t consists of a keybd”ard verye ' -
sumlar to an ordinary electric typewriter plus the electronic circuitry, to .~ -
. convert each Keystroke into signals to 'the CPU. The user types his
instructions and data:.and_the computer prints its reply on the same sheet of "
o papex We ‘will have more t0 say later in this report about the potentlal of
_ this terminal for instriiction. s .
.+ There are also several types of mput dev1ces capable of sensmg marks P
- made directly on - cards .or paper. A card reader can be modified to sense
" pencil marks, msbeld of holes, on specially- desxgned OMR (Optical Mm‘k o
: Reader) cards. These cards are partlcularly advantageous for student: use \‘
since- ‘they ehmmute ‘the need, for a keypunch "There, are. ather dewces
. frequently used for test scoqng which can read and process entire pages pf
pencil’ matks Banks "make’ widespread use of devices that read characters °
writteh in magnetic ink, such as on pérsonal:cheques. Finally, readefs are ,
available which process ‘typewrittepor even hand-written docuinents. Thé L
’ characters must be in predesignated areas and carefillly formed. Thls form of
: 'dlrect character recogmtlon is still a cemplex and expenswe form of input.

€ Al L -
N .

Output R <L
i, " 'The’reports" and data genented by the CPU are most ‘commonly
conveyed to the user by a line printen, High speed printers are capable of -

- ‘printing up’ to .2,000 lines pet.thinute .on a continucus paper form. Special
- forms such as paycheques or irivoices ‘can beused if. desired. If the outputis
~ to be used later as mput for another program, it can be punched into cards -
~ t bya card punch, or wntten onto magnetlc tape by the same magnetm tape L
A unit dlscusséd earlier. Do s
L A plotter can be operated under computer control to produce charts .
_, eraphs, "and drawings. The gcomputer can use-an audio response unit to
"I" construct spokén messages from a small vocabulary *of pre-recorded words. - '
. and phrases. For example, stock: market quotations could: be produced and ,_j.°,’ﬂ p
", sent out by telephene without human mterventxon '
-We have already mentloned that a typewriter terminal can be used asan - _ ‘' "
" .. output device. However, it is noisy and rather slow. The Cathode Ray Tubé ., .
(CRT) is an output device which overcomes these problems. A CRT terminal
s similar in appearance. to‘a television screen and can dﬁsplay characters,
E d1g1ts ‘lines, graphs, and so on. It also includes a keys)oa:d fér .
-’commumcatmg with the computer. An addxtlonal featire. available with "
- some CRT’s is a Jight pen. It can be used to point to a specific locatlon on =¥ v g 3
- the 'screen — for example, to choose a,response to a muItlple bhome
question, or even to draw a gtaph qCRT’s have the advantages of fast quiet,” S
. operation and excellent dxsplay capabilities. However, they do not. ,prowde a;’ f BRI

'permanentrecord (‘hard copy’) - e » o

e
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.+ Internal Representation of Information, ; s R ST

" . The Central Processing Unit; consists essentially of & complex het\ivork’_"

“of electroriic. circuits, An electronic circuit is a two-state*devicé (either ‘on’ ™
~ or ‘off’), thus it can represent a digit in the.binary system (base two), While/
. our decimal system_uses, the digits 0 throuigh 9, the binary systein uses ohly ¢
o + the two. binary. digits,. or bits* symbolized by 0°and 1. Successivé nunibers” ~ - -
from right to'left represent increasing powers-of 2 rather than powers of10.” . .
- . \Thus th¢<binary, number 1110110 represents no units (2°), one two .
(21), one four (22); no. kights (28), one sixteen (2%), one thirty-two (25), -
and ‘one sixty-four (26), In degimal this is 118,— one hundred (102), one ten %

-

- " .(101) and eight units (100), O Cs”,
e L) .« Lo T AR TN A . e o ; .
S w0 g Decimal " . -Binary .-

c TE(IX102+ (1x1m) 8 = @x26) + (1x25) + (1x2%) + (0x23) .~
cow o =A100 #0010 .-+ 8T+ (Ix22)+ (1x2) 40 - L

Low Lt =64+32446+4+2 . .

' - . . -
d . . N 2 . H . . . - . . B .‘
T S e 5 | S AR
' . - . © B .

% v e )
_—.’;U

B )

. .
o k%
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2+ in the following example of addit
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“Arithmetic operations are:in princjple no different ih either pystem, as

fon: 77 o T e T
oA |

- - a .

P TR T e T e e
LS e e el 8 0 T 000 e :
e e : L e Tl st Loy T . a
MR 1 o .[1 T.' 143‘.. " ""'s.f: o 100.01111.

_ .- .T'his notation is very ‘eonveniently. represented-by - electronic circuitry . -
.Y v and so is used.by most comphter ‘rinanufacturers to store and manipulate
" 4 arithmetic quantities inside the Central, Processing:Unit. Comp,ute?'are' also
\ able’to represent npn-numeric -information in terms of ‘bits. There are a .

number’ of ‘coding schemes which can reptesent the lettérs of thé alphabet,

special symbols such as $ and +, and the ch‘arac‘tex_s 0 through 9. ‘Each
- 77 . charadter is. assigned, a- unique combination ‘of bits, and this. coded
* a_. ‘information can be hahdled easily by the CPU. | ' . T vt
- 7. THe ability . store_afid” retridve information- is what 'makes the Lo
» Ctomputer something:more than an ultra-fast calculating, macliine. Most -

~ computer applications do ' not .involve complex scientifio calculations

* (‘Sumber’ crunching’) but rather the processing “of large quantities -of
~ 'non-numeric’ informatién. Recent technological advances sueh as lasers,

. “Supercenductivity, and micro.miniaturization of electronic circuits promise .

-continding ‘increases in the speedand. capacity of the- comptiter’s ‘storage

e devices LT T T s T TR AL
¢.© . - " The instructions.and data currently in use must be stored and retrieved - * -
" very rapidly’ by the CPU. The type of storage used*for: this is called main . .
s storage and Operates at very high speeds. The access time required to find

?any -specified piece of information is “measured’ in microseconds, (one
' microsecond = one millionth of a second) or.even in’ nanoseconds, (one

S 'nanosep’ondé one;thoilsaundthfpf a ?icroSecoﬁ'ci)'. Computer systems-require

a_—

L




aux' iary ‘storage devzces A jliary storage dewces can hold ‘much more *
ation -but access times s are much slower, mngmg from a m:llzsecond

, Main S rage I p' Coe T
) . All the mformatlon held in ;main storage is encoded into combinatioris
: of 0 and 1 bits; Most computers use,core storage to represent the bits. Large
numbers of tiny doughnut-shaped cores made of magnetic:material are-
strung on a grid of fine wires. The magnetism in each core can be in one of’
- two'states, and the wires are used to detect or. change that state. Cores are”
grouped into words containing from 12 to 80 bits, depending on-the
computer model, and each.word can be manipulated as a unit. Computer
| * memories: range in size from a few thousand to severdl mllhon ‘words, and
e ‘constitute & major proportion of the computer’s cost:

The . important characteristic. of main storage is that each word, is
addressable; that is, a unique numeric address is associated with each. The .
“instructions ‘Yo the computer: refer o specific locations by number and = -

* enable us 0' ad the information stored there any number of times without ° _
altering it. However, when we write information at a locatlon theoldvalwe« . = ¢
stored there xs\)ost For this reason the word ‘memory’, although frequently R
used, is inappropriate for descnbmg the storage unit of a compputer since . '
only the most recent information is retained. This is another unfortunate °

- anthropomorphic term, along with ‘read’, ‘write’, ‘electronic brain’; 'which
causes people to em)neously ascnbe human capablhtles to anwmammate

' machlne. L . , L :

AuxxlnryStorage o : . . ‘ SR .o .

.~ " The magnetic tape dnve, which was prevmusly described, can also be

' used as an auxiliary storage device. Information is orgamzed\sequentlally 6n ° :
~ the tape in groups of| related data called records."For example, a record could .
~ consist of all the infyrmation about one student. To find a particular record ,
on the tape requires that all records must pass the read/write head until the .
correct one is reached. This may take several minutes. Most business and .
administrative applications such as payrolls process the data in a fixed order, -
so this sequential access.is convenient. In many other -applications we want -

- the capability tor seek gut a record directly without reading any others first.

. This is called random or direct access. Two direct access’ storage devxces méw e
° common use are the magnetic disk and magnetic drum: - FRINE S

A magn txc disk pack consists of 6.or more disks eoated with magnetlcé) g"‘
"material and\ looks somewhat like a stack of--pHonograph records. .
+- Information is, stored as magnetized spots arrariged in concehtric tracks on- .
the surfaces df the disks, Each surface has its own read/write head on a =~ -
moveable arm.MA_disk drive keeps the disk pack in constant rotation at a
_-speed of about 1500 revolutions per ) minute. Information anywhere on the :
disk pack can be accessed within milliseconds by moying the read/wnte head
to the correct track and waiting for the data to spin by. . =
The magnetic drum opérates on similar prmcxples but. at even higher - .

speeds. Information .is stored in parallel tracks on the surface of a cylinder - .
coated with magnetic material. As. the drum spins it passes ‘beneath fixéd
read/write heads, The amount of information on the drim is fauly small but
it can be stored or retneved very qulck]y, T v :
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. In"deciding which auxiliary storage device to use we must reach a
gompromise among three factors — cost, speed of access, and storage
capacity. As in all things, you get what you pay fer, so that the faster access
speed you demand, the 1éss capacity ‘the device will have and the more it js

going to cost. A medium or large-scale computer will usually have multiple

tape, disk, and . units. while small systems will usually have only one,

type of auxiliary ge. B : S N
- - Control Unit, " - . L

« " Thecoxtrol unit must supervise and co-ordinate the operation of the
.-other four units of the computer. It directs the input unit to accept

. information and’' move it to the storage unit; it’directs thessutput unit to

. ..~ feteh informatiori“from storage and “display it on any requested’ output
.~ ° device. Under the direction of the control unit, the arithmetic/logic unit,
" . copies humbers from main storage, performs arithmetic operations on them, -
" _and stores the results for later use. < - s
- ' 'The sequénce of instructions which ‘the computer must follow to
- perform.a spegified task or to solve a problem is known as a program and is
. drawn up by a computer programmer. The instructions a computer can
recognize dirgctly make up its machine language. Each type of machine has a
“unique language, .. . g N
. 'The “instructions making up a program are, first loaded into main
stofage, afd the control unit is given the location of the first instruction. The
-. cohtrol unit then fetches each instruction from storage, decodes it, and
causes it to_be executed by issuing appropriate commands to the other four
units. Ordinarily the instructions -are -executed in sequence but some
instructions cause a branch or transfer to another loeation in.the program.
This permits. subsets of the instructions to be coded once and then repeated
. as many times as necessary o T - .

P

e

v o

f/ Arithmétic/‘l;b‘gicUnit' D e e

- Every computer has a set of machinie Janguage instructions which can
. be executed by the circuitry .in the arithmetic/logic unit. These pre-wired
- instructions include. .simple arithmetic aperations .on numbers,. moving
“jnformation-to -and from the storage unit, and comparing or testing two
«quantities. Each bperation takes a few microseconds or less — thus a typical .
computer can perform one million operations per second: The number of |
" built-in instruttions ranges from a dozep;to 200 or more depending iipon the
‘design of the machine. The computer is only able to tackle a problem whose
+ - solution can be reached by,a series of these basic;, operations, - - -

. |

e s

* "+ .. .« - Computer Languages T e

in order to communicate with a computer, man must write- his ~ -~ °

"'i'n'strugtions in a"lapguage >the computer can understand. Many such

- languages have been devéloped,.each with its'own gfammar, punctuation and L

. vdcabulary. However, the only. type of program the computer can execute’
diréctly is one written in its machine language. Programs written in any other
- language must be converted into equivalent machine language instructions by .
 a program called a translator. e Ll
- -~ . We will first discuss’how programs-are written in a machine Ianguage -
-and-then mention some of the widely used programming languages. . .~
. - . . : Ty L ° A : ? . D » Rd
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 Machine Language -

To illustrate the prmmples mvolved let us look at some snmple machme
: language instructions for a hypothetical computer called SPECTRE.2 .
Every mstructlon has two parts — an operation code telling which
operatnon is to be’ performed and an operand wluch speclfies a location in

meain storage to be used in the operatlon
" Operation Code " - Operand ’

pemlon oty

L hece fwww L

. - All arithmetic operations are carried out using a specml' location in the
¢ arithmetic/logic unit, called the accumulator. We assume our main storage
has 1 000 locations numbered 000 to 999. _

"We will consider only six instructions: . G . - :
(WWW isa number between 000 and 999) o : , S
Instrection Meaiung TR T
10WWW - Clear the accumulator and copy inito it the N .
o contents of storage location WWW. % T
C11WWW - Copy the contents of the accumulator in )
I storage location WWW.” , + - L
 20WWW - ., “Add the contents of location WWW to the :
' , / . -accun{ulator. >
1 30wWww .Read anumber from a card and sto# itat :
I : B -  location\WWW. . . K
- 81WWW, Print the c\onﬁents of IOCatlonWWW IR
40000 . Stop (nooperand required). . . . -

Here- is how Jwe would program ‘the SPECTRE computer to read two
numbgers from punched cards add them together, and print the reset .

Instruction ~, .Explanation ~ ) - ,
301877 Read number and store it at location 187.
30188) e next number and store itat ' .
* ) ion 188 =

Cléar the accumulatar and copy the number i
N T atlocation 187, .
- 20188 ‘ Add.thénumber’ atlocatmn 188 to the
. : A B accumulator. - ‘.
' 11189 ' Copy the numbermthe accumulator mto
. ¢ location189. - .
N '~31189 - Print out the number at locatlon 189 : _
» .,_\;40000 . Stop. - oot o

As\ you can see programming in machme language could become tedious
d tis . ; _
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< keep track of the addresses where the data is stored (187 188 and 189 in
- our example) and must be completely faxmhar with the numeric operation ¢
: codes g , ‘ .

Assembly Language « o "\

People qurckly reahzed that codmg a large program such as a payroll
 entirely, in machine language is an almost impossible task. For.that reason
" simple ‘languages - called assembly languddes were invented to let:the -
. computer take over most of the ‘bookkeeping’. In an assembly language we
substitute easily remembered letter combinations called mnemonics for the‘
numeric operation codes and use symbolic names instead of numegic ‘
addresses. A special type/of translator called an assembler can translate these
symbolrc instructions into machine instructions.
In the case of our hypothetical machine language we cotﬂd use the

~ following mnemonic operation codes: " - sy »
Maémonic .Numenc ' -
> Operation . . Operation B
. Code Code "> “Key .
CLA . 10 . CLearandAdd to-the accumulator.
STO 1 STOre the accuniulator. -/
ADD 20 ADDtotlleaccudprulator S o
IN 30 | [NPutanumber. -
our 31 " OUTput a number. _ 3
STP 40 S8ToP. > ... 7 '

We' also use symbolic names like A B SUM to refer to storage
locations. - Our assembly progrﬁ for. addmg two numbers appears on the

.- left, and the correspondmg machine language instructions produced by the

. '_ translator program appear on the nght, as follows: \

" Assembly : : Machine ' ' v o

INP A’ S 30008

INPB ., 30009

) .. CLAA .. 10008 .
~ °ADDB . 20009 - (
N , STOSUM . °  11010° .

.. . - oursuMm - 31010
L . STP . 40000 w' :

Assembly languages are much mmpler tocread and understand:but they
are still at a low level of sophistication and are ‘generally’ used only -by
experienced programmers. Each machine instruction must have its assembly

~ counterpart on a one-to-one basis, so.there is no reduction in the number of
" instructions to be written. The programmer must still be very familiar with

. -’
-8~
: v
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the detalled functxomng of a partlcular computer and the entxre program
must be re-written for any other make or model.
.. 'These restrictions led to ‘the development of ‘high-level’ languages
which are easier to learn and more convement to use, and are not dependent
aon the type of computer. - TR . !
‘ l-lngh-Level Languages : ot . -
N Each high-level language has a well defmed set of rules, vocabulary, and

- punctuatmn that must be used in writing programs. To use this language on a

particular computer, we must provide a translator program called a compiler

. - to translate statements in the high-level language into the machine language

'+ - df , that " computer. .Compiler . programs are ‘usually proyided by the
" manufacturer as part of the compu!ter software.

There  are two widely used pPogramming languages whxch together
accounit for perh aps 80% of all the programs ever written. The rules for these
languages. are well standardized and compxlers =for6them are available on most '
general purpose computers. .

The first of these is called FORTRAN (FORmula TRANslatron) and

"+ was developed to aid scientists and engineers in mathematical computations,
- Itearithmetic statements closely resémble algebrarc notatxon. . -
i+ . For example, t.he formula S e

. ~2 . =
‘ _x1~-b+ b -'-4ac L o

. . ) - . . za o . . ..
becomeé v i T

.X(1) = (—B + SQRT (B**2 4*A*C)) / (2 * A)-

Ysing * for multiplication, ** for exponentlation and / for division. -
. FORTRAN has extensive mathematical and scientific capablhtxes and is
often the language taught in introductory computér courses. .
COBOL (COmmon Business. Oriented Language) is the standard S
- language for commercial and busmess applrcatlons, -such as payroll and |
accounting programs Its statements are written in a subset of English and - S
- . convey some meaning even to those not trained'in the Ianguage Consrdera 2 :
typlcal statement from a payroll program: ° : Co

IF 'HOURS—-WORKED IS GREATER THAN 40 0 THEN GO 'I‘O
‘OVERTIME-SECTION.

Less wxdely available is a language called PL/1 (Programnung Language
One), which combines SOme of the better features of FORTRAN and
COBOL. It is the closest tlung yet to a ‘universal’ language since it lsnequally |
suited to both business and scientific applications. It has some very powerful - ' ‘
\
|
\

features, for this reason its compller programs are extremely complex and

" notas frequently used. s
Many other computer languages are in existence, but they are exther for,
" specral purposes or else not wrdely dlstnbuted S . - i

-
-




o ( L RunningaProgram ' _ &

Wh happens when we run a program on a computer? :
omplete program is first punched into cards and loaded into the
card reader A specxal first card tells the computer what language is being
"~ used; for example FORTRAN. The computer must load the FORTRAN
compller program into main storagé ind then load the user’s source program

also. +The compiler program now takes over and translaes each FORTRAN

- statement into the equivalent machine language statements. As it does so the
compiler also checks for errors in the source program an\l prints a diagnostic
message for each eitor so the programmer can correct|it. If no errors are
found this translation phase ends, and the .exegution phase can begin. The

- compiler’ program and source program are no- longer needed and only the
.machine language programn — the object program — is kept in main storage.
The instructions in the-object program are now executed one at a time, and
the computer reads in data when requested by the program and prints out
‘the results The followmg d1agram shows what happens

L

. . - L3
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+ v B Program -1+ Program
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. program must l;e Trevised and rerun until all the ‘bugs are removed. This -

. " program. This information is indispensable if the program is to be modified

, - Preparing a Ptoblcm for Comiputer Solufion '

, Not all problems are suitable for solutlon ona computer We must first
defme the problem precisely and decide ‘whether there is a detailed
step- by-stcp procedure for finding the solution. Such a step:by-step
‘procedure is known as an algorithm. We must specify each step in complete . .
detail so that the computer never has any doubt about what to do next. ' -

A large problem may include a number of complicated algorithms, and
it is usually . easier to represent..each . algorithm by -a diagram called a
flowchart. Flowcharts enable us to visualize the logical décisions involved in

‘any kind of process. A flowchart makes it eaﬁler to spot errors in logic and it -
proqdes a’ convenient ‘means ‘of commumcatmg the solution to others. ‘A
- flowchart for an everyday task like running a bath is shown on the following
-page. Rectangular boxes represent actions, diamond-shaped boxes represent
- Togical decisions to which the answer is either YES or NO and the arrows -

show the logical sequence. ' | -
A computer can make ‘loglcal decisions’ — those whose answer is exther-)‘

YES or NO — but only by comparing two numeric values. We must-be ablg

to quantify all variables in the program — that is, assrgn numeric values —or .

else the computer cannot manipulate them at & N
“After we are satisfied with our flowch t “the next step is to write a

' computer program using whatever programming language is most efficiént ,

and convenient. We must then run the program on the computer. using test_

- data to check that it works corréctly in all possible situations The error -

checking facilities"in the compiler will detect errors in the use of the -
language but cannot check for logical errors. If the program gives incorrect =
answers or if there are éertain circumstances we forgot to allow for, then the

s
P

. procedure is called debugging. - N

_ If the program:is one we mtend to'keep and re-use frequently thenwe
can document the: program This means we will have to write a set of notes /
descrxbmg the overall purpose of the program, the details of the. algontlfnr\ ‘
~samiples of input and output and complete mstructlons on the use of the

“at some later date. The importance of complete d’ocumentatlon especiall A
** for complex busmesév apphcatlons cannot be overstressed. - ,
s Batch Processing : ’
. Most computer centres use ' what is known as batch proce/ mg\
Programs to be run are grouped together and submitted to the computer to'
be proceSSed consecutlvely without intervention by the computer ator.
The computer automatlcally controls the transition from transjatio .

to execution phase for éach job, and then from one job ‘to
- correct compller is provided automatlcally by.the computer.
Batch processmg generally has a card reader for mput

L)
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printed output can be quite long —froma few mmutes t0 24 hours or, mdre
— because all the jobs in the same batch must be finished before anyone gets ™

any output. Jobs using a lot of computer tlme may be held back until the )

computer is less busy.

- These restrictions can be tolerated in a 1 business envn:onment where a
tight schedule is .adhered to but can be very frustratmg to a person

developing a new program. Consider a programmer’s frustration when he

waits 24 hous only to find his program would not work because he left out

a comma somewhere! It can easﬂy take 10 or 20 such runs before his

program works correctly

* TimeShating .

These drawbacks motivated the development of an entxrely new way of
usmg computers — time-sharing. A large time-shared computer can serve one
hundted people or more at-the same time, each unawére that anyone else is_
- using the computer. Each user has his own terminal — usually a typewriter
terminal or a CRT terminal — which can be located at any distance from the
computer and connected to it by ordinary telephone lines. ‘

The person seated at a terminal types in a set of mstructlons, the

-central computer processes these instructions and types out a response
within seconds; the user types further instruetions or Conectlonsdependlng
on what answer he had received, and so-on. The key conéept is that this
process is interactive — a continuous.dialogue gccurs between the user and
the computer. The user can write a  program at’ ‘his own speed, run it, and
- within seconds, get the solution or erfof message(s). The inevitable errors can
‘be .corrected as he goes along and an entire program developed during one

) -séssron at the terminal. .

Txme-shanng systems have another slgmﬁcant feature. The computer

) has a lxbrhry for storing programs. Each user has a section of his own where

he can save work~m-progress and any pro s that he has developed. A
- large variety of library programs are alsmaﬂable to any user. These
. ordinarily include mathematical and statistical progﬁms for which the user
only supplies the data, and -a' number of games for recreation or
- entertainment. Computenzed football games, card games, etc., help remove
some of the fear and unfamiliarity with the computer 'Whlch can mtmudate
the novrce computer user.

e
T

7 How, Tune-Shanng Works S B ' i

Time-sharing 'is made possrble by the exh‘emely fast speed of the
Central Processing Unit — one million or more_ instructions per second.
Suppose a time-sharing system has one hundred users, Then in every second
the CPU could-do several thousand arithmetic operations for:each user and
still have time left over. The CPU switches its attention rapidly from one
user to the next, spending only a few milliseconds with each one. If a
person ’s.work _has not been completed during his ‘time-slice’, the partial

v results are saved and then his work-is resumed when it is his turn again. This -

LIS
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‘r6und-mbin method allows a large computer to service over 100 users
concurrently yet the time each individual must wait at a terminat for a
" response is only a'second or two. Time-sharing is not restricted to large
¢omputers. It can he perforfned by machirfes of all sizes down to economical

minicomputers with only a'few terminals. .-

| ,.,,NewLanguageS‘.. e L

™

Traditional computer languages like FORTRAN and COBOL ‘can be
used on time-sharing systems, but new languages have beén invented that
- take. better advantage of the capabilities. of- interactive systems. These
- languages were specifically designed for the non-specialist and are very
simple to learn and use. ) R v ' ' .
~ 'Forempst among these is BASIC (Beginner’s All-purpose Symbolic
Instruction Code). It was developed at Dartmouth College, New Hampshire -
— ane of the pioneers of time-sharing — with the stated aim of encouraging -
students. and teachers to use-the computer, The commands are in simple
English and the language is easily learned by anyone willing todevote a few
hours time. Some form of BASIC is available on virtually all time-sharing’
ystems. Only a few -elementary commands are required to write simple
programs. A number of special features be added on as the user finds
need for them, making BASIC as effectivm any other high-level language..
Another intéractive language which\has great :Potential is APL (A
ProgrammingLanguage). Its very compacdt and powerful notation allows one
to write in 2 or 8 lines what might¥ake 2 or 3 pages ifi another language. It is
sufficiently simple that elementary and- junior<high school students in
Edmonton “have learned it successfully, yet powerful enough. that the
- Unijversity of Laval has set up a complete computer system with 60 terminals
~ which use nothing but APL. T e < N

- -

- Remote.(,‘bm'puﬁngv S

vances in telecommuriications néw permit computer terminals to be
located at any distance from the centyal compiter. All that_is required for .
this remote compuyting is a telephone. A person can dial the computer’s

L

the computer. He will then have all the central computer’s processing and
- storage. facilities available to him. The user can be across the street or even
across the country —X however, long distance charges can: be prohibitive.

* Because business . ust of remote computing is growing rapidly,

i
sy
P

telecommunications costs are being pushed down. Educational users will

inevitably benefit from this trend. Cable television and eventually satellites
may provide alternative low-cost communicatjons for remote computing.

' Time-sharing systems for educational purposes exist in many parts of

‘the United States and Canada. One noteworthy example is the Dartmouth

- Time-Sharing System (DTSS)3 centred at Dartmouth College, a small liberal

- arts -college in New Hampshire. Dartmouth set out in 1963 to develop a

time-sharing system with the intention of making the power of thé computer
available to all students. Today. nearly 90% of all Dartmouth’s students knet -
‘how to program the computer. They use the BASIC language which was

P

number and his terminal will' be conriected by ordinary telephone lines'to =
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. invented at Dartmouth. The campus has over 150 termmals locahed in 25
~ buildings. More than 50 colleges and secondary. schools in- or near New

England have terminals and are regular users of the Dartmouth Time-Sharing

?ystem. They stretch Irom Montteal to Baston and from. Mnme to New
. Jersey.
-~ _The computer at Daxtxnouth is available as a resource in the same way
the library is. A student may sit down at any of the conveniently available
public terminals without asking permission and use it for whatever _purpose
he wishes. On a typical day, about 2,000 users ‘log into’ the system; in a year
nearly 80% of the student body and 70% of the faculty make some use of it.
The computer now pervades the entire curriculum, It is routine to have
computer homework ungnments in a wide variety of courses. More than
~'half the computer’s time is used for course assignments although thenfis a
great deal of recreational use. The average undergraduate spends about an -
hour a week at a computey terminal. Dartmouth students have lost any fear
or awe of the computer /At has become an everyday part of their lives, They
are well prepared for a/ WOrId in Whlch computers play an increasingly
1mporl:ant role. Ja ‘ , .

~Minicomputeks

A mgmfxcant trend in the computer industry in the past few years has
. been the rise of the minicomputer. Minicomputers now outnumbér medium
and large scale computers combined; meanwhile their cost continues to fall.,
Generally a minicomputer may consist only of a central processing unit that
 sells for $25,000 or less, or a complete system for $100,000 or less, The
CPU for a minicomputer-is about the size of a briefcase, yet it has a set of
instructions -and a speed comparing favourably with ~most computers
available today. Minicomputers do not have as large memories as the big
 computers and they can’t handle as many input/output devices. However, -
they perform well as a time-shared computer for instructional use. -
The chief advantage of a mlmcomputer is its low initial cost. A basic

minicomputer with one interactive terminal only costs about $5,000, and a
system with 16 irtenactive terminals can be obtained for approxunately ten
" times that.amount. Since the minicomputer is not at some femote location it

can be available 24 hours a day, 365 days a year. No special facilities such as e

air-conditioning, raised flooring or specxal power lines are required. A
: mlmcompufer is rugged and generally gives no more trouble-than a TV set..
- No specially trained op rators are required. The biggest plus for the user is
- 'the .availability of simple conversational languages such as- 'BASIC.

. Minicomputers are also expandable — more storage and more terminals can
easily be added as the number of users increases. Students can get valuable

* *hands-on’ experience when the computer is located. in their school.

: The minicomputer has two fundamental restrictions. Because of its
generally small memory the size of the programs that can be written is
limited. However, most student-written programs are quite short and are not
‘usually affected by this limitation. Secondly, fewer computer languages are
available. In particular, COBOL is rarely .availa#le, and FORTRAN is slow

and not very conveniént to use. These are real handicaps but an interactive - -

system is really more suited to the simple conversational languages anyway. -
Thousands of schools in the United States and Canada are buying their_

' own minicomputer. As prices continue to fall, this becomes an increasingly
attractive way of bringing the computet into the classroom, . .
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- Administrative Use of Computers
¥ducational administration is a complex and demanding process which
has as much to gain from computerization as any business organization. The
use of computers in banking, insurance, transportation, manufacturing, and
many other industries is firmly established and even indispensable, Both
education and business have similar procedures such as payrolls, financial
accounting, and inventory control-which are eminently suited to' computer’

processing. Special educational tasks such as student scheduling -cannot ' E

borrow directly from business experience but can still benefit from the use -

ofcompﬁtermetl@;- . B S e
L e T o Advanta‘ges’"% g - : .

- . ~C ©

. What advantages can be realized from thé use of computers in
educational administration? The chief benefit i the great reduction in
routine clerical tasks. Large-scale organizations including school districts
~ generate and process a great deal of information. Tg do all of this manually
_‘could keep an army of clerks busy. The opeérations to :be performed are
“ usually of a simple step-by-step nature, highly repetitive, and requiring great
precision. These are exactly the characteristics. of a good problem for
computer solution. The computer calculates extremely rapidly, has infinite.

patience, and when properly programmed will perform for years without o

error. Its speed‘and accuracy.make it ide?l for handling any organization’s
.routine clerical tasks. ' L0 e ‘ .
- Another advantage is the computer’s ability - to' tackle- complex and .

- painstaking -assignments which otherwise could not be attempted. -
- Administrators can request summaries and reports which would have taken,
- months by manual methods yet which can be provided by the computer-
‘within minutes. By means of the computer the school executive can greatly v
increase the quality and quantity of theinformation available to him and at

the same time be more selective in its use,
, - Data Processing o

In order to achieve its goals any organizatioqu- must base its decisions
upori information, that is, data. The ‘caw data’ is a'mass of facts and figures
‘which must be manipulated according to’ precise rules of procedure to
'produce new, more desirable information. This is known as data processing.
When mechanical or electro-mechanical equipment is used to reduce mianual
- processing to a-minimum, we refer to it as automatic data processing. If the .
data is mainly processed by a computer we call it electronic data processing
(EDP). EDP is the common' term for the computerizéd clerical operations
- widely used in businéss and industry. Let us take & closer look at some of

these, P .




An E)@ample of EDP

The first ‘thmg we need. for any computer apphcatron isa, data lee For
example » in a payroll system we keep information about each employee such-
- as his name, address, employee . numbet, rate of pay, apphcable payroll,

) dedgctrons, and year-to-date totals for gross pay, income tax, and Canada . '

. Pensibn Plan. ‘This: mformatlon constitutes'a record and the collection of
~ records for all employees formsa data file. This material changes relat1ver 3
infrequently so we cau it the master file., . -~ o ‘

*To -calculate thé paymll we also need the time cards, or other such

record of attendance,‘*for all the empl s. Thxs mformatxon constltutes a
transaction file. -~ a4\ : :

- Both the master file and the transactxon file are mamtamed in ascendlng o

order by émployee humber. These tWO‘ files are’ the xnput to the: payroll
program. - :

When the payroll program is run, the mformatxon on each transactxon, ‘ _‘~ .

record is matched with the correct master record in order to- calculate the’
"pay for each person. This algonthm is straightforward but may be rather °

mvolwi’ed sice it must takeé into account different rates of pay, undertime, .

overtxme, and many possible deductions. A payche\que and statement of ’

s earnings is produced for each person. The master file has to be updated since .

) year-to-date ‘totals change. Also the transaction file might have included -

. instructions to add mnew employees to the master file, delete retired

eniployees, or change the information -on a- particular re¥ord, such as. -an
-addresk or rate of pay. All these changes must be mcorporated into a new

: ~ master flle. rrors-or omissions in the transaction file might be detected by .-

the payroll program ~ for instance, time cards with an invalid employee. -

 number. In these cases an error. repo%l:;ust be produced The payroll -
program also produces a payroll ¢ other summaries for the use of

. management A spiecxal annual mn%r\produce all the T-4 slips: for mcome
tax purposes. G T “ :

' Every standard EDE"apphcatron follows\a similar. pattem Transactions

are accumulated and then processed at regularintervals against the master

. Tile to produce required summaries and reports, ah updated version of the
', master file, and an error report if neeessary. The computer'rin i‘mght occur -

. xdarly, weekly, bi-weekly, monthly, or even less frequently,wlependmg onthe

. requxrements of the system. ‘ °, oo

The process is shown in the followmg ﬂowchart where Q - ‘“\ -

presents a data flle (usually on magnetlc tape), and b

represents pnnted output A - T




" substitutes and selects the most appropriate teacher bas

A

Pel'sonnelSy,stem e

.

Other elements of the pmsbmielﬂsygtem bendes payroll preparation can

_ <benefit from computefization, The employee data file may be expanded into *
--a personnel file by including details of employment experience and

qualifications, * This data is useful in defermining provincial grants,

* promotions, teacher - placements, etc. ‘Another file on retired teachers is -

. ohelpful for pension plan administration.

A major component of the personnel system is ,the,rectuitﬁtenf and
selection of new staff. The computer can keep up-to-date lists of positions .
vacant and details on all applicants. A computer Program can provide a list

. matching applicants to the available positions.

- In large school systems the provision of substitute teachers can be a
-constant administrative problem. The Detroit Board of Education® makes
‘creative use of a computer to help jts 320 schools place an average of 500°
substitute teachers a day — at a saving of more than $2000 a month over the .

previous system. The school representative telephones the computer between

6 am. and 9 a.m: if a substitute is needed that day. Using a touch-tone

telephone or a dial phone with touch-tone pad attached, he keys in coded
data to indicate his requirements. The computer search'%dits file of available

1 upon the subject
to be taught, the teacher’s credentials, and, his distarice from the school. Less
than a second’later the computer verbally. responm the directory

- number of the substitute. The caller then uses this number to look up the

substitute’s name and telephone numbet in a directory located in his school.
Y S : S : - :
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An accurate picture of the current financial status can be maintained-and

- 'regular financial reports produced for management’s use. Cost ana]ysls is
easier when the computer retains all the financial data. Previous _years'
budget data can easily be tabulated to aid-next yedr’s budget planning. Other
computer programs can make projections about future trends, such as pupil .
enrolment, or .can' calculate -the financial implications- of alternative -
proposals, such as analyzmg the costs ofa proposed salary schedule.

. . &

'Physwal‘Resources Accountmg Ly

g Two primary subsystems of physical resources accountmg are inventory
contqu and purchasing. Computers have proved very effective at maintaining
records. for thousands wf items in inventory and-indicating when to reorder

each item. This tight conirol hélps to minimize the cost of carrying

mventory and to achieve savings through bulk purchasing. The master file - - )

mcludes information such as item number, description, locatxon, quantity on
" hand and on order, cost, supplier, and information on issues and receipts. |
The mventory control system processes all requisitions and receipts against -

. _this file daily and 50 maintains an up-to-date mventory Other programs - ]

' -vanalyze the activity for each xtgm an%! optimize the maxnnum and mmxmum‘ ‘
- stock levels.
" The purchasing system operates in conjunctxon with mventory control, ,
When the re-order point for an item is reached, a report is produced and sent -
to the’ purchasmg department or the purchase orders could even be issued
automatically, since all the necessary mformatxon is on file..
~+ A school system could also use the computer to maintain facxlltles
“inventory. This would iriclude a complete listing of the location and
" utilization of a school sy}tem s assets —, classrooms, laboratones, gyms, etc.
This information is essentxal xf existing facxhtles are to be used te their .
maximum potential.
‘Maintenance and repair projects can also - benefit from EDP.” The ,
. planmng, sched , and_control of these projects can be automated to
provide regular reports on completed and continuing work and on their
‘costs, This kind- of monitoring is especxally useful in managmg school
bull"dmg programs. :

Ily'. ‘19"
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" . EDP may- also improve the efficiency of :the school ‘Hansportation

’ system. Computer programs have been d,evelopé for the routing of school
~ buses to produce much more efficient routes — requiring fewér buses driving
fewer miles and yet providing better service. The-possible savings for rural

, - school districts operating ldrge bus systems can be substantial,

)

'~ The computer' applications reviéwed above have been in the area of
business administration and borrow heavily from EDP practices in private

‘industry. Let’s look at some applications developed especially ‘for school

- administration. | Q
Student Setvices . .‘ o - R ‘;". ;)
Student Records * s ot

5, 3

" Toglay’s school systems must maintain extensjve data oﬁheir students -
- — past and present. This information is constantly referred to and updated as
. the student prbgresses through the school system.\Traditionally," these -

- student records have beeh kept in file folders. This app}ﬁh Presents major

problems for large school districts, including lack of storage space, misfiling,

*and clerical timeost seatching out information in¥he files.”

* The computer’s ability to store and classify data and prepare repodts -

can alleviate most of these problems. The information in the student master

file can be maintained efficiently and effectively using EDP techniques. An

- important\ plus is that this.'fil_e can be accessed by other computerized .-,
subsystems such as student: scheduling, grade reporting, attendance, etc. :

e . A

"‘ Smdeqt Scheduling - o ’ . | .
The. increasing trend foward individualized -programs of study for /

secondary school students has made the scheduling ofschool activitjes more

- complex than ever.‘T}\; cansolidation of small schools into larger units, the =~

. increase in course choides, modular scheduling, the need to maximize the use

of facilities — all these have made the ‘computet’s, assistance a virtual

: mecessity in scheduling classes for a large school. ,

_ The first step is fo tally the course requests for all the students. This

L -will be greatly facilitated if students use course request.cards of the OMR-—— |

type which require no keypunching. The computerprovides the -

administrator with a report of the number of students requesting each

subject, so that he can décide how many sections are required. A potential

conflict matrix is also produced, listing for each pair of subjects the number - -
 of students requesting both. This indicdtes the subjects which’ should not be .
. 1 . .

schéduled at the same time, =~ - . . . ' . ;
- The next step is to build a master timetable giving time, place, teacher,

and class size for each course. The master timetable is usually built up by the

admiiistrator’s taking intd account special circumstancesa computer
couldn’t know about. The administrator’s task is much easier with the aid of
computer scheduling‘systems generate their own master timetable because.’
the program is very complex; generally requiring a large machine to produce
a satisfactory timetable, and the cost is usually prohibitive. However, the

«t
7
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~ the computer-produ course request listings and conflict matrix. Few .
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Umvers1ty of Laval has developed a promrsmg and sophxstxcated system .
which produces at reasonable cost a fully optxmlzed schedule for the entire
unlverSIty
" The next. step is master schedule. sxmulatxon The computer uses the
tentative master timetable to assign as many students as possible to their
"“requested classes. Conflicts and unsatisfied requests are -printed out, along
" with ‘the proposed teacher, student, and.room schedules. The master
_timetable can then be adjusted by the administrator and a further trial-run
-undertaken. This,_ procedure is repeated a number of times until an
acteptable timetable has been produced for as many students as possible.
, Finally the computer prints out the xesults, including teacher, student,
‘and room timetables, class lists, and the frnal master schedule, :
) Computerized.student scheduling is a very successful application of the
E computer s. talents to a specialized educational problem. A Student
.. Scheduling Service like that just described has been offered for a number of

Education. In 1972 almost 280 schools in Ontano chose to use it.

Grade Reportlnx

.~ The productron of pupil report cards reqmres substantral effort on the
- part of teachers. Much of this work can be automated — but not all.
' Teachers must prepare accurate information for the computer such as class
mark lists by subject. Using thls information a simple program -can prepare
individual report cards, honour rolls, failure lists, school marks sumnaries,

~ report and receive as many copies‘as necessary. Grade report‘ing is a routine -
task for a computer and saves much human time and effort. :

Attendance -

For various legal and financml reasons our schools are requlred to
_ collect and report statistics of students absences and lateness. EDP
* techniques can be used to summarize student attendance data and generate

* relatively ‘simple programming task. The computer can even assist in the

* keeping of daily attendance. The teficher fills in the lates and absences on
special forms with a lead pencil and the computer uses these to keep the
.register up to date. The method of recording data must be simple to use and

. with the tradltlonal procedures and no frue saving would\ result. . .

. - .

© Test Sconng -

~

Automated test scoring and analysrs is a well-known apphcatlon ‘of the
.computer in secondary. education. The computer is well-suited to processing
* obgectlve-type achievement and ability tests. Answers to the multlple-chome
questions arg filled in with a pencil and the answer sheets are read
automatrcally by a device known as an optical scanner. The results are
rapidly tabulated. and pertinent statistics such as means, standard deviations,"
and_correlations are calculated. Automated test scorifig becomes: mvaluable /
“when 1arge numbers of students are mvolved . A

"ej | ""213' K

the necessary reports. The production of detailed statistical analyses is a ,z'

. relatively error-free Otherwise more.teacher time would be requn'ed than

years by the: Education Data PrOcessmg Branch of the Ontario Mmlstry of

and statistical analyses Each school can specify its own layout for any -




-Many school libraries are using computers to help with their operations.
. Basically, five such operations can"be managed by computer: cataloguing,

a

ordering, reference, circulation, and financial control,
: v As a new book or other resource item enters a-library which uses -
_cox%)cuter -sexvices, vital information such as call number, author, title,
.. subject heading, publication data, and content description is added to the
- library master file. This material may be conveyed to the computer on
punched cards or, more conveniently, by teletype. This information can then
be used to produce catalogue cards as well as spine, pocket, and charge card
. labels. The master file can also be used for inventory and ordéring purposés;
If a required title is not found in the master file, the computer can actually .
print out’a purchase order. - - - R ; o -
’ In many school libraries, the computer is being ustd to manage the
‘charge-out’ and ‘charge-in’ of library materials, The master file can be
queried concerning the availability of a particular title and, if necessary, the
requestor put on the waiting list for that book. At any time, the librarian can
consult the master file to determine who has a particular book, when it was
en out, when it.is due, how many times it has been renewed, and who has..
placed a ‘hold’ on the book. The computer can automatically issue overdue o
notices or check if a book is on the reserve list. Once circulation duties are
taken over by the computer, library management statistics may be produced
as a by-product. Such information as charge-out totals by user categories,
‘requests for reserved books, and total circulation figures by subject areas can
be listed. In addition, financial accounting réports can be generated by the
computer. T o . T
' In some large college and government libraries the entire reference .
system is maintained by computer. Kather than search for a reference in the !
' .catd catalogue, thé user can call for a display of that reference by the"
computer. .If he makes a request by -author or subject, he will receive all”. -
, . iefefenqes in that category. Because this system is quite expensive and ié;k
-, only feasible for very large libraries, it will probably not appear in our publi¢

schools for some years to come, '

*

. Maﬁagement Ihformatipn Systems Il ‘ R Q B

"\il'he computer applications to educational administration discussed thug
far operate relatively independently of each other. Each one has its own da
file, resulting in a great -deal of wasteful duplication of information between '

. files. It is very difficult to use information from a number of separate files,

for the preparation of a report or for evaluation and research purposes — for

- example, a study relating student grades to the use of library resources, In
addition to automating routine administrative tasks the computer can also be

- used to aid senior administrators in planning and policy making. There are
'gve"r-increasing pressures on our school systems to increase services,

- maximize effectiveness, and minimize costs. These pressures emphasize the -
need for a management information system to provide adequate, accurate,
and timely information foy educational decision making.

-.'22_" ] }{4
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The characteristic feature of a management information system is the
use of an integrated data base, This means that the school system maintains
c¢omputerized files for all areas of educational information — faclhtles,

_ finance, mstructxonal programs, personnél, and students. Cross- references .

.and linkages ‘are established between all of these' fijes. There is minimal
duplication of information between files, Interrelated items can be retrieved

from any of the files without a tlme-consummg search. Careful thought must

_ be given to, what data should be collected, from whom, how often, how it is
to be récorded, and how it is to be used. There is an ever-present temptation
to record. somethmg merely because it is available, rather than for its
usefulness,. The creation of an integrated data base of educational
. information i§ an ideal apphcatxon of the computer’s ability to store and
. vetrieve data.

The integrated data base, once eltabhshed, is used to uupport all the -
-informiation processing activities of the school system. This includes the °

_ regular EDP applications discussed previously — payroll, accounting,

’

scheduling, etc. But more importantly, information is now available on a'

-regular basis to assist senior administrators to judge the effectiveness of

present programs and to plan’ for the future. Reports can be generated by the

use of a management-by-exception technique where the computer flashes a
warning when it detects a situation beyond pre-set limits. Reports can be
distributed on a ‘need-to-know’ basis so that middle management gets the
detailed information it needs while senior officials are freed of admmlstntwe
details and get only a broad outline.

Many advanced management techniques can .be used with a
‘'management information system because of its inherent flexibility. It can
" provide the raw data required by such techniques as PERT (Program
Evaluation and Review Technique), CPM (Critical Path Method), and PPBES
(Planning, Programming, Budgeting, Evaluation System). These methods
allow evaluation of alternative courses of action and allocation of scarce

~ resources to meet specified objectives, . -
An example of a successful management mformatlon system is the

“TIES Project 8 sponsored by 30 Minnesota school districts located in the
Minneapolis - St. Paul area. TIES stands for Total Informatxon for

Educational Systems. A total of nearly 230,000 :students and 35,000 -

employees are served by TIES. Participating school districts range in size
-from 1,400 students to over 31,000, Administrative, instructional, and
zesearch services are available to the member dxstncts for $6.25 per ‘student
per year.

) TIES uses an mtegrated daté base and an on-lme telecommumcatlons
network for maintaining it. Each district administrative centre accesses and
maintains its own information- files using a CRT terminal connected by

telephone to the computer centre. Information can be dlsplayed added or

corrected within five to seven seconds. This information is used by the
regular administrative systems which include a Financial Budget and

Accounting System, and a Payroll Personhel System. Special reports can be

generated as easily as routine reports, without extensive redésign or

- reprogrammmg, thanks to the advanced design of the TIES system

32 28
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Extensive in-service workshops are a key factor in helping school personnel
make use of TIES services, . _ o R

~ TIES also supports the full range of instructional computer uses, Their
instructional network has approximately 200 telefype terminals and 15 card

-reader terininals available for use by students and teachers. In some districts

all students are able to write programs in the BASIC language by the end of
the fifth grade. However, students are generally not introduced to the
computer until junior high school. They. first use the computer for .
simulations and then write their own programs using the simple, English-like -
statements of the BASIC language, The computer is most commonly used

8-

for problem solving in subject areas such as science, mathematics gnd social

_ studies. Experimental programs are also underway in computer-assisted and

computer-managed,instruction, . : ‘ , , 5
TIES representy-a dramatic change from current educational practice. 1t

 has proved one of the‘most successful uses of the computer in education.

Who 'Ifrovid;s Computer Services? .

* There are a number of ways ;"schb'b'l division may obtain administrative:
computer services.>The. first way is to either purchase or lease its ‘own

- computer. Generally there is less problem in ‘replacing leased equipment

should more powerful equipment be desired at a later date. When & school
division operates its own computer’ centre it must hire experiericed staff to
use the computer to best advantage. The staff of the ceéntre usually, first
implement EDP procedures such as payroll and accounting, which show an -
immediate financial return. Larger centres can provide the whole range of
administrative services, but each service requires careful planning and ‘it may
take several years before it is fully operitional. S o .
. A second ‘way of obtaining computer gervices is from a commercial
service company. Many companies sell specific services such as payroll or
scheduling to school divisions. A division can purchase the services it needs
and can specify deadlines and penalty clauses in the cortract. However, the
sexvices available may not truly meet requirements; there is little freedom:to
try new approaches; and a full range of services would be quite expensive.
-Another alternative is the regional consortium. A number of school
districts can cooperate to provide low-cost conmiputer services to their

-members through a single large computer. centre. This brings the cost of
computer services even within the range of small divisions. This approach has
. been tried successtully in the United States. One example is the TIES project

which was previously discussed. Another regional consortium is the Region
IV Education Service Centre 9in Houston, Texas which provides computer
services for 700 schools and half-a-million students. One benefit of these

consortia is'that their large multi-purpose computers can provide a broad

range of instructional services as well as education data processing services, A
regional consortium on this scale requires a great deal of time and monegto

develop.

Another approach is to have the provincial Department of Education
make administrative computer services available to all school districts. This is

.24- . ' )
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staff to develop administrative computer pr

~occasionally. Yet many application programs v

o . . -

the 'approach being taken by the Ministr.y of Education in Ontario through“
its Education Data Processing Branch.10 This branch has the computer

resources and experienced staff to develop administrative. services and to -~ )

offer thém to local school boards at cost. If a school board feels it can obtaiii

more cost-effective services elsewhere or wants to use its own computer itis - -

free to do so. Many local boards link their smaller computer via telephone
lines to the large EDPB computer in Toronto and use its extra power when
necessary. The provmon of computer services to all school boards facilitates
standardization in reporting, and more éffective administration of the
educational system by the Ministry.of Education, "

" We have said little about the way application programs are developed. A
recent survey 11 of large American school system®has shown that school
districts with their own computer have a decided tendency to use their own’
s. Contrjict staff are rarely
used and existing application prégrams. from other locations are used only
littte from one place to
another and are usually available for the asking. Pexhaps one reason for this
lack of sharing is that most programs have fnot bee written in a way that

- permits easy modifications to suit other school dx isions’ requlrements

Another is the fact that no clearinghouse exists to assist in the exchange of
application programs, and so most computer centres continue this wasteful
duplication of:effort. No matter who develops the computer applications a:
key point in theu‘ successful utilization is full explanatxon \of the service to

_ those who will use it and careful traihing in the procedures\to be followed.

Susplcxon or misunderstanding can render even the most\advanced and
sophisticated computer apphcatxon ineffective. - .
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Part III

o
.Educatmnal Use oF Computers

\

Each: ‘year, more and more schools throughout Canada and the United
States are using computers for instructional activities. Consldetmg the cost

mvolved why are these machines becoming so popular? The answer must be
that the computer is producing significant improvements in the learning
process. Let us briefly note some of the reisons why computers are
becoming wsdely accepted in education: \J A

1. The computer is an excellent motivational device, Most students =
like to work with the computer — to have it do work for them —

to play games with it.

2. Since computers affect many areas of our lives, it is to the
student’s advantage to become acquainted with what they can and
cannot do, Studenti ¢an learn this by usmg the eomputer and by
studying about it in class, '

.

3. Because the computer cari-perfonn complex computatlons very

quickly, it can help the student with lengthy calculations which
threaten to obscure the learning situation. In fact, the student can

use the computer to help him solve many problems which might

otherwise be too complexato attempt.

4. Using-the computer, a student can experiment with a model of a
real situation, studying the outcomes as he varies any of the
controlling factors. This technique, known as simulation, is
especially used in the subject areas of sclence, socxal studles, and
business.

5. The computer can assist in the instructional process by helping the
teacher to drill, review, teach, or test students. This type of
assistance is lgnow_n as Gomputer-Assisted Instruction.

. Let us look at how co:nputets cnn be used in the classroom.

ca
’

Learmng About Computers

A large proportmn of schools in Canada and the Umted States offer
instruction in at least one of the followmg categones computer llteracy,
computer scx(nce, and data processing.

" 'The goal of computer literacy is to give all students basic information
about the computer and how it affects their lives, Such information need not
constitute a separate course, but may be part the social studies,
mathematics, or business education programs;-and, ma begin as early as the

, Junlor high level, 'I‘oplcs such as the followmg could be discussed:

'{ |
| , _ : ™
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- a bri¢f history of computers

— . how computers work

= the capabilities and limitations of computers
- ~—"  how computers are involved in our lives

- the mlsuse of computers.® :

-

One of the best ways to learn about the computer is.fo write programs'

for it. After learning a simple programming language such as BASIC, the

student can write a few simple problems and run them on the computer. If a -

computer is not available, the student could experiment with a simulated

- computer such as CARDIAC, a small cardboard computer developed by the

-Bell Telephone Laboratory.
Computer science courses inv lve a more m-depth study. of the

° computer and programming, The following is a list of suggested topics:

1. The components of a computer and their funcfifns.
2. 'The study, of algont.hmlc thinking and ﬂowchalqng. :

3. - The fundamentals of programming,- mclud g input, output,
branching and subprograms, The student should learn both a

R low-level language (either assembly or machixie) and a hlgh-level

, language such as FORTRAN BASIC, or PL/1. o

4. Discussion of coxnputer appllcatlons in such’ areas*as industry,

businéss data processing, transportation, communications; science, -

fnedicine, and recreation.” .

5. Some understanding of cbmpllers assemblers, operating systems,
- monitors and other kinds of software. .

: More and more busmess, industrial and govemment organ%atxons are
using’ computers for data processing. A course in data processing would

generally be offered by the school’s vocational or business educatlonA

. departments. Some topics which eould be included follow. '

1. The study of unit record equipment (e. g sorters, mterpreters,-

collectors, tabulators, etc.).
2. Components of the compiiter and their functions. °

3.  An introduction to computer programmmg meboth a scientific
language (e;g. FORTRAN, PL/1) and a data precessmg language
(e.g. COBOL, RPG).

4, Computer appllcatlons to such busmess problems as payroll ete,

The e only equxpment needed for the computer literacy or computer o

science courses is an interactive termu;al or.a remote batch terminal. If the -

latter is used, either a keypunch machine ox OMR cards will be necessary. It

" is preferable that whatever equipment is used be readily ‘dccessible to all

students. In addition to-a terminal, data processing students would also
benefit from hands-on experienée with unit record equipment.

I3 . -‘ A l' -27- , ‘ . T
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The C(_)mputer as an Aid in Inftruction ™

In this section, we will look at some of-tlie 'ways teachers and students
are using the computer to facilitate learning. We will consider examples from
many subject areas to demonstrate the breadth of possible applications:

Thete-are basically two ways in which students can use the computer — ;
problem solving and simulation. In problem solving the student usually
writes his own computer progfam, and. in so doing gains a deeper

understanding of the algorithm upon which it is based. Alternatively, in
simulation he uses pre-written (or ‘canned’) programs and only supplies data

- and observes the results. Obvidusly the former use requires a_greater
knowledge of pregramming and takes more time. In choosing whether to
provide a canned program or have the students write their own, the teacher
must decide whether studying the algorithm or studying the‘results is the
main objective of the assignment. S

At all times: the temptation to use the computer’only for the séke. of

using the computer must be avoided. The computer should not simply

duplicate what a teache¥ can\do in a classroom or laboratory, but should

enhance with some,additiona}"dimension. It should not be used solely for

jobs which-could be done just‘as easily by a desk caleulator — there is the
danger of having the cggpputer looked upon merely as a ‘giant calculator’.

(‘ Problem Solﬁng :

a

Perhaps the simplest véa& of using the c‘emputer'for problerm solving is

as a calculator. The computer can’ allow ‘the class to look at more relevant,
realistic problems by itselféperfon'niné those time-consuming, error-prone
calculations between the Setting up of a problem and the arrival at its
answer. - o , ‘ o

Let us first examine the subjeet of mathematics which best lends itself
to computational aid. Can you remember having to find the roots of a

quadratic using the quadratic formula? Computations could become quite * °

tedious unless ‘rigged’ equations were selected. Although. the most important

step in the solution was the correct application of the quadratic formula,

- most of the time taken in arriving at the dnswer occurred aftet this step.

‘Since performing the calculations does not enhance the understanding ofthe
quadratic formula, we could have the computer do this work for us. -

-By having the computer evgluate a function closer and closer to a

chosen point, the concept/ of ‘limit’ could be maée‘ much more conerete and

meaningful to the student. The fact. that. this would require: numerous - .

difficult calculations is no deterrent to the ¢computer, S
Physical sciences, such as chemistry and physics can also benefit from
- the computational powers of the computer. For example, after performing

experiments in the lab, students may have the computer analyze their data

for them rather than doing it by hand. - :

. When using the _comput{ar as a calculator’ we relegate to it most of the -

-tedious calculations. %nqther reason for using the computer for problem
solving is to:reinforce concept understanding. The student must make a

step-by-step logical analysif_s of the problem. In so doing, he acquires a deeper ° |

¢ .
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~  then divide by the number of integers. We next design a flowchart to helpus

understandmg of the nature of the algonthm, 1ts power, and any potentul
difficulties. The writing of a computer program to solve a problem is more
beneficial than working through two or. three ‘messy’ examples by hand.

We could look atthe process of programming as ‘teaching’ the
coimputer how to solve the problém. As an example, suppose our prdblem is
40 find the average of an arbifrary number of integers. The first step is to |
decide how to attack the problem — in this case, we addall the integers and

conceptualize the problem. This process eliminates many errors and false
assumptions and clarifies vague understanding. Our ﬂowchart would look
something like the following:

| rmnmcml;AkaAGEor n NUMBERS

-
print out

* The hard part is over — it only remams to translate the ﬂowchnrt mto
computer" mstructxom and run the program
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. The process of algorithmic thinking, very important in the sciences and
- other subject areas, is reinforced by the writing of flowcharts and computer
programs. D o L o
' What are some of the ways computer problem solving is being
- incorporated into the curriculum? Again, the subject of mathematics stands
out. It is generally the mathematics teacher who introduces students to the
computer. One -well-known ‘attempt to bring the computer into the
mathematics curriculum is the CAMP Project12 (Computer Assisted
- Mathematics Program), developed at the University of Minnesota. The CAMP ..
sseries, which covers grades 7 through 12, was initiated to acquaint students
.. with the problem-solving aspecty of the computer in their regular school
* work.. Thus, wherever the writing of a.computer program would improve
learning, the student is instructed to write one, Some of the topics which
- receive, computer attention (selected from the grade 8 course) include:
fractions, decimals, and pércents; squares and square roots; properties of the
- rational numbeérs; geometric concepts: pi, perimeter, area, volume, properties-
of triangles, Pythogorean theorem, and so on. " - o -
+ " An example’ of .solving a standard problem by using.the computer is
" eviluating the area of a geometric figure or the area under a curve. To
. calculate the area of a circle by computer, -~

we could set off a rectangle
~ which includes the area to. be
calculated. (Let us choose % of
the circle). . o '
have the*-computer generate
- many pairs of random numbers
. whose co-ordinates are between
0 dand 1. Count the number of
pairs which lie inside and outside.
the required figure, -
then the number of points inside
the figure, divided by the total
~ humber of points fried, times the
area of the rectangle (whichis 1
in this case), times 4 (since we
have considered only % of the
circle), will approximate the
‘area. ' Te

Note that the more points we generate, the closer our approximation
‘will.be to the actual area. This method would be impossible without the use -

- of the computer, yet is probably more meaningful to,the student than
applying the formula A = 7 r2. In fact, this approach not only reinforces the
-area goncept, but could be used to develop the formula in a more meaningful |
way (by finding the areas of circles with different radii and comparing the
results). ~ : e

-
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Outsxde ihe area of muthematxcs, subjects such as general science,

o chemlstry, -and physics may make use of computer problem solvmg
I ' techniques. Such topics as the -study .of the interrelationship between
VOlume-temperature-pressure “of gases or mass,-volume—densxty of solids could -

be studied i m detail by the computer. An inventive teacher and his students

~ can dlscover wrtually unlumbed computer apphcatxorﬁkm\tléxese fields of

Sﬁldy _P:“
T An"order to solve roblem hsing the computer, the studént n(;t have
' some degree of ex ,!;Lse m at least one programmmg language. The type of

is interactive, the. student will use an interactive language such as BASIC or
: APL jatch, he will use a language such as FORTRAN or PL/1. .. - -
' Problem solving is the most widely used application of the computerm
instruction. For one tHing, relatively little terminal or computer time is
required — once the teacher assigns a ptoblem, the student analyzes it and
writes his program, using the computer only briefly to test and debug his ~
‘program. As was mentioned previously, more complex problems may be
attempted with the aid of the. computer. Also, the student can try more

examg,les because of the speed of the computer in performmg ca.lculatxons o

¢ [y

- Simulation P :
YThé use of computers for sxmulatlon is-one. of the most attractive

5pphcatlons — and one which is suited to.a wide vanety of subject are In a

- simulation, a model or representation of a real world phenomenon is crealed,
.and its_characteristics may be explored by experimenting with.the model
Generally, little knowledge of the somputer or how to program it is
necessary’ — the student is expected to supply and juggle variables and
‘observe the outcome. 'Applications range from generating Bach-hke muysic
scores, to performmg a complex chemlstry” experiment, to landmg a lunar
module. If the studerit is proficlent in programmmg, he may enjoy creatmg

- simulation: programs of his own. :

© When should computer snnulatlon_s be emplo ed? Professor Ludwig
Braun 13 of the Huntmgton Computer Project, has ggesq;l several cnteria

v g When facilities or equipment need; to coriduct an actual -

s . the experiment. would probably not otherwme be performed (e. g
: complex chemistry expenments) :

'2.. When the actual experiment is hazardous and might endanger the: -
Ce .- experimenter (e.g. science expenments whxch involve l'adlatlon
i - high temperatures, explosive gases). :

™ 8. When tlme scales - mvolved are elfher too short to allow - easy .
- _ - measurement or to6 long to. fit into-the school year (e.g. bxologxcal s

partlcular species). >,

T,‘ . ~‘When the sample size avallable in the real world is too small to
B ' permit generahzatlons (e.g. the study of xare diseases by medlcal

-31 -

* . studies in genetxcs,, — observmg successwe generatlons of a =

students) ) J N

experunent are costly or complex and, as a consequence, where.

Y
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. 5. When the. experiment téchniqué is 'complex and ‘must be

- developed over an extefided period of time. = * . \
T - 6. When it is impossible. to experiment directly (e.g. studies of
= ; ~ political, economic, and'social systems, human genetics). - . .-

- o - R B E ’ ] . :Q .

y . Whete do simulation programs come from? To develop realistic,

accurate’ simulation programs, a team of system_ engineers,  computer
* - ,scientists, and subject matter specialists generally work together. 'Less
o complex simulations may be created by individual teachers or students. ¥
" -Let us.consider some specific simulation programs in’ use today, . ..

selécted from a wide range of subject areas, . : _ I
727 I the field of social studies, a similation program called BALPAY 14
~ % “(internation BALance of PAYments) has been developed for the REACT
» - (Relévant Educational Applications of Computer Technology) series.. In -
/ BALPAY, the student plays-the.role of decision maker for a hypothetical .
~ ~country, He attempts to make ecopomic decisions which will .give* the
country a, healthy balance-of-payments .position. The objective “of . the .
i~ .- program is’to give the student the chance to investigate personally the. .
- . relationships between policy decisions, and their ultimate effects oh ‘the -
economy.™ ~ . - T S P T AR
.. A scientific simulation in widespread use is LMLAND15 (developed'fof . .
Project SOLO) which simulates a lunar landing. The lander has 30,000 units- -’
of 'fuel and starts its descent at 70 ntiles. The student, as the pilot of the
module, can'’ fire his thrust engines to brake his descént. One unit of fuel is
used for every 100 pounds of ttirust per second: He must land his.craft at .
‘less thap 30 feet per second to be considered successful. The program is
, realistic in its simulation of gravitational pull”on “the craft and thrust-
.. produced by the engines. ' R S
: WHEELS16 is a simdlation develop&d by the TIES Project. Its purpose .- -
© - is to reinforce ‘the concepts f ‘personal finance and auto ownership. The
- student may specify the type of car he wishes.to buy and how he plans to-
finance it."He must worry about insurance, operating costs, and major - _
breakdowns. The computer simulates the amount of usage of the car, major © -
- repairs, accidents and unexpected-events for each month’of operation. . -.
_ In the field of biology, a program has been developed for the PLATO'
Lo - IV system which helps to teach the laws of inheritanee:in genetics,17 The .-
..+’ computer si’x‘nulatqs for eath student a steck of parent fruit flies <~ some
~ normal, some 'with assorted’ mutations. When. the student requests that a -
.mating be made, within seconds the offspring are displayed oh a device
" attached'to the computer. The student experiments with several generations.. _
' of fruit flies keeping in mind that mutant characteristics are generally -
* -recessive and may show up in future generations. This typé of experiment *
' ‘would not beé attenipted in a normal biology .class, yet with the aid of a -
computer simulation, several generitions may be examined in a matter of
*thours. T T N ST
.. ' . A final example, in the ared of ecology, is the POLUT18 program .
-, developed for the Huntington II Project. POLUT imulates the effects of
" . certain variables on the quality’of.a water resource, The ‘stutlent'can vary any

. f-the.following: o L e . _
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- type of body of, water (large pond large lake slow-movmg or

fast-movmg river)..
. — . ‘water. temperature e
» —  typeof waste released into the water (industrial or sewage)
- rate of dumpmg waste. ‘ , .
- Wpe of waste treatment . i -

‘ After the studént enters his variables, the computer will determme the
oxygen content and the waste ‘content of the water for each day, until the

., Oxygen and waste contents remain constant. The student can select his

* output to appear in the'form of a table or a graph or both.

. 'This srmulatlon allows students to “investigate the effects of vanables, '
: compare .various _pollution control strategies, :examine hypothetlcal o

srtu“atxons, make and test hypotheses, and predict the implications of certain
. scientific. and economic decisions”. POLUT should increase the. student’s

understand‘ing of and ms1ght into the ecological problem of water pollut;on ‘

<«

Computer-Assrsted Instructlon

Ind1v1duallzlng instruction is. perhaps the most unmedxate concern of
_educators at. the present time. Modern computer technolegy can help
provrde mdmduahzed instruction for every- student. Let us refer to this-

-

computer-alded tutorial approach’ to teachmg as Computer—Assxsted -

. Instruction, or more simply CAL
The majority of ex1st1ng CAI programs,are in the areas of mathemath,
o zlanguages and the physxcal sciences. It appears that not every subject field or
in " fact everar drea in a field js equally suited to- computer-uf;sxsted
. instruction.19 T
could be brought about just as effectlvely and less expensrvely with alternate
teachlng approaches. -

Let us examine tlxe three types of CAI namely dnll and practlce, -

tutonal, and dialogue.

Drrll and Practrce System o

The dnll -and practlce type of instruction is the least complex of the”
three to program.-‘The computer is used only to supplement regular

he course des1gner must decide when leammg experiences

classroom ‘instruction, to drill and réview students on previously taught

‘material. Each student. is guided through a completely mdmduahzed o

program of drill tailored to his particular ability and rate of progress. - " .

Generally the student works sequentially through a program, answenng ,

" questions posed by the computer A temporary detour may be caused. by an
incorrect response, but after clearmg up the dlfflculty, the computer returns
. to the main program flow.

» -Let us Iook at a sunple dnll sequence selected~ from an elementary
mathematxcs program on multlphcatxon, 20 Each student response has been
underllned ° o . ‘ .

-
s

wll Toxt Provided by ERIC : - o » . -




o C e . .’ " ® . L
4X6="? SO
Y :
- GOOD |
4X9=2 - ¥ o |
36 - r:‘ - . AR e,
. CoRRECT . A o
- AXT=y L | ,
80 . | "
. % .. . WRONG,TRY AGAIN -
L ax=e o e e,
.- WRONG,TRY ONEMORE TIME y
St T axt=r _ . , o .
R 27 : . ST , e
' NO,4X7=28 S A
. REMEMBER NOW4X7 28 '
4X7=7

C N

GOOD B
CAREFULNOW -~ . . o
4x7=2, T e BENRE
VERYGOOD' ' ’

o ._.Notxce that the compyter recognizes and responds to student answers,
" The student is nnmedlately told whether or.not his ankwer is correct and
<’ .. then, depending on his answer, he is either advanced to the next problem,
\ giveir a second chance to, answer correctly, or supphed mth the correct
© answer. .
Frequently, a tlme limit is 1mposed on the student if he does not
* respond within a fixed. length of tlme ‘the ‘computer acts as though he had
. ~ answered incorrectly. - .
* The structure of a drill and practlce program may be fan'ly complex if 1t
 i$ made to handle remedial . branching, evaluatxon, and revxew. Stanford

$




" Tutorial System

™

" University, for example, offers a series ot review umtl in elementary schoal

mathematics 21  which utilize computerized ‘drill - and practice. A
computer-administered pretest determines the initial level of drill exercises
to be presented to each student. After each mbcequent lesson in the unit,
the student’s. performance is evaluated and he is accordingly directed to a
" lesson of greater, the’ same, or lesser difficulty. Therefore, several ‘streams’ of
. varying.degrees of dlfficulty must be programmed into the instructional unit
so.that the computer can adjust to individual differences,

Let us look it some of the reasons why dnll and practice CAI systems

'are gumng acceptance o %
) 1. The student works at hn own rate on problems specially selected
: for his level of ability. .

. 2.  Since the student is fhteracting mth an impersonal machine, he is

more likely to try a quut:ouble response. Fear of ridicule by his

peeuhehmmted

X reinforced.
4. Drill and practice syltems genenlly provxde for lcore-keepmg,

that information on a student’s progress is recdlly available to the

" student and to his teacher,

" 5. Some drill and practice-routines offer thez additional feature of

] annlyzmg student responses. For example:2

 WHATIS2X3? . R

LOOK CAREFUI,LY AT THE (')PERATIOI:I. TRY AGAIN. |
5

o REMEMBER YOU ARE BEING ASKED TO MULTIPLY
o NOT ADD TRY AGAIN. :
6

et

GOOD WORK'

In this - program, the computer was programmed to anticipate
re:uonable errors and gwe the student hints, based on the nature of the error.

'\’
L

In-a tuforial system the computer, rather than the classroom teacher,
assumes primary.responsibility for teaching new material. The interaction is
intended-to approximate that between a patient tutor and his student. The
teacher is no longer the sole vehicle. of mstructwn — he has time to
‘individualize his own mstructxonal efforts.

Early tutorial systems were of the linear type — that is, every student
was forced to follow a ﬁxed ptth through the programmed material with the

o -35-
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8. The student’s every xe-pome is ' immediately evalunted and‘
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only variation being in his rate of progress. This method is poorly suited for
CAI since it does not take into! account the computer’s evaluation and
decision capabilities. A branching type of program is more acceptablé since it

+ provides one or more alternate routes to the same learning objective. The

+ path a student follows depends on his previous responses. =

« - /Early CAI programs used questions of the multiple choice type. The
student did not. have complete freddom of response but chose*from among 3
to 5 preselected answers. The limitations of this approach led to the
development, of programs which allow student-constructed responses.

An example of a tutorial program which allows student-constructed
responses is the following portion of an introductory ' physics course
develped at the University of Illinois for the RLATO IV sytem.23 Student
responses are underlined. 0 . o - .

If the acceleration is constant, the average Velocity v
can be written as a simple function of the initial-

- * velocity 'Vi and the final velocity V§. Write an ex‘pre‘ssion; Lo
' Jinvolving Vj and V§: = . ' . S
V=(vf — vy /2 no .

- Your expréssion gives the wrong result. Press —next—to -
see why.. ' :

Cdnsider a car that speeds up (with constantﬁccele,ration)
from 60 to 80 fps to pass a.truck. What would you:say is -
the average speed V during this passing:maneuver , . .

, T V=10 l ‘ok fpsf;_‘ o .
Right but ygut formula gi esv e )

| | (V£ — Vi)/2 = 100 -

So you,must re-write your éxpreiéion, o ' : .

If the acéeleration is constanf, the average velocity v
can be written as a simple function of the initial - ,
velocity Vj and the final velocity V. Write an expression -

involving Vj and Vg¢:

8-

V=2 - Vi (V- V) ok .
Fine. Aéinipler form isv‘(’Vi + Vf) 12

A remarkable feature of this program is the ability of the computer to-
recognize the complicated expression as being correct and equivalent to the
.given simpler one. L _ s S .

Not only written information can be presented in a CAI tutorial
system. With the aid of visual display devices, interactions such as the
following are also possible (taken from a PLATO IV geometry course24) : ’

S -36- ' 4% -
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”

Draw a quadrilateral with only two lines of symm’etg |

Good' Your flgure has symmetty lines that do not go through :
vertices, o E

»

b.

Now draw a quadrijlateral thh only two hnes of
symmetry that go through vertwes

I B

-

You drew tht figure before, Are you trying to foolme? =

c.

Now draw a quadrilateral with only two lmes of B u
symmetry that go through vertices. , _ , ¢

‘Very good! , S
Notice how the computer chooses an appropriate second problem (b)
. depending on the first response (a) Note also that the computer is able to
classify the figures independent of size, shape or orientation.
Another - feature which should be mentioned is the ablhty of the
computer to perform computations during the instructional sequence. The
-following example from a Simon Fraser University chemistry course25 will
. illustrate this. “***¥*’ precedes each student answer.

75
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( ;31 u,ﬁ Y ' o
. Cul}:ulatq the pH of a solution which has the féllowihg -
" concentrationof H(+): . - o ‘

1.0 X 10**.6 (Note:-You may use CALC from nowon = -
o " again, hope you remember how!)
. Lo wssrkcac log (1.0) +log (10%* 5)

e 6 ’
. - [ERERRG N _ o
: L No, your sign is wrong, remember that pH = Jog (H(+)).
Do : - Okay, try again, e g -
[ " _*****6 B .. l,‘»:..v‘,,-’ . . P

| er‘) that’s g()od'. . ' ,.‘: B .'Q e v'vv )

v ¢’ e

N By typing the word “CALC’ followed by the expression (1.0) + log

» (10%*.6), ‘the *student. is temporarily removed from ‘CAI mode’. The
- expression is evaluated'by the'CALC prograth ‘and the anwer -6 is returned to .
~the student’s terminal. After the computer has printed the answer, the

 system is returned to the ‘CAI mode’ and is ready to receive an input from

. the student. Thus the student is able to work through fairly complicated

. problems without becoming hoggeéd down performing lengthy calculations

PR
v
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= Dialogue System ' . oo ‘ ._
, Af the third and most complex level of computer-assisted instruction
+ are programs Which permit the computer to carry on a genuine diaiogue with -
the student. Such systems, which are still in the developmental  stage, are
difficult to design since student responses need not appear as simple right or
-wrong answers. The computer must aceept.a student’s response and, using
.. - some criteria, determine whether it is satisfactory, Also, student-initiated
' inquiries or comments-must be interpreted-and dealt with satisfactorily. The
ultimate goal toward which researchets are-striving”is a dialogue system -
_ where the computer is able to recognize the student’s spoken words and
. respond audibly in turn. S T S
In the following excerpt from a program calied ELIZAZ6 developed at
the Massachusétts Institiite of Technology, the computer-interacts as.a -
psychotherapist might. Althoigh this program is not strictly -
" education-oriented, it is an excellent example of how a computer can be
programmed to simulate a human conversation. The lines printed iri capital -

-letters represent computer responses.

Men are all'alike. . ' ' e
IN WHAT WAY S . S o e
They’re always bugging us about something or other. e,

CAN YOU THINK OF A SPECIFIC EXAMPLE e :

e

Well, my boyfriend made me come here. ,
- YOUR BOYFRIEND MADE YOU COME HERE
. He says I’'m depressed much of the time. .,

[ - [
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I AM SORRY TO HEAR YOU ARE DEPRESSED
. It’s true, Iam unhappy.
DO YOU THINK COMING HERE WILL HELP YOU NOT *ro BE
- UNHAPPY | - :
I need some help, that much seems certain. /
. WHAT WOULD IT MEAN TO YOUIF YOU GOT SOME. HELP
T Perhaps I could learn to get. along with my mother, ’
TELL ME MORE ABOUT YOUR FAMILY : o
My mother takes care of me. .- /;

I -

WHO ELSE IN YOUR FAMILY TAKES CARE OF YO
My father,

YOUR FATHER j

You are like my father i m some ‘ways. !
WHAT RESEMBLANCE DO YOU SEE ‘
You are not; very aggressive but I think you don’t f
_want me to notice that. -
WHAT MAKES YOU THINK I AM NOT VERY A?‘SRESS‘IV E

j

- . You don’t argite with me.
* WHY DO YOU THINK I DON'T ARGUE WITH YOU
You are afraid of me.
DOES IT PLEASE YOU TO BELIEVE I AM AFR;\ID OF YOU
My father is afraid of everybody. -
WHAT ELSE COMES TO MIND WHEN YOU TH K OF
- YOURFATHER . /.
~ Bullies. / .
- DOES THAT HAVE ANYTHING TO DO WITH THE FACT THAT -
'YOUR BOYFRIEND MADE YOU COME HER} o

Although this program does not allow compleZe freedom of interaction -

between . computé¥ and student, it obwously pr avides for more than is

~ possible with the tutorial method. One must keep m mind that this dialogue
(or Socratic, as it is sometimes called) type of CAI is in its early stages and

. ~that the next few years should see some great 1mprovements in the
- human-like quality of the interaction. .
Some characteristics of ordinary d1alogue wfnch designers would like'to -

incorporate 1nto a computer dialogue system are; <!

‘1. The computer can take mto account ZLt only the current questlon‘
-~ but also the previous portions of the ¢onversations.

2. The user has the freedom of makmg any response, even if it is
~ irrelevant. .

. 'The computer 1tself always responds with somethmg relevant.

The computer can decide whether /to delay mformatlo requested
by the student. : X .
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' 5. Computer answers may be based on complex computations, ,
6. Verbal i_nteractiom; should take place ingomxixon English. .

7. Questions or interactions are permissitfle by tlge computer or the
student at any time. S : .
8. Non-verbal exchanges can include tables, graphs, pictures and

sound. _ 9 -
‘CAIHardware 7 | |
. Computerassisted -instruction is generally administered to several
students simultaneously via terminals connected to a large time-shared ,
."computer, Although the computer is not physically capable of serving more
than one terminal at any given instant, it can keep many busy while giving
each student the impression that he alone is interacting with the computer.
.. This illusion is. accomplished by having the computer allow only short
. segments of time to all the active terminals in turn. Because of the rapid
“speed of the computer, it car check a student’s response, or initiate the
presentation of new material during one of these ‘time-slices’,
»  There are a number of interactive terminal devices which could be
adopted for CAI use. Unfortunately, most were not designed for students -
and have specific limitations. = - . T Lo
" In choosing a good CALI terminal one should keep in mind the following
requirements: v , o
1, The terminal should be easy for stuflents to operate.
2. Itshould respond quickly and not keep the students wiiting,
8. Its .alphabetic and graphic display capabilities should suit the
‘ material to be présented. - - o ‘

4. Itshould not be subject to frequent breakdowns. . -

roo.
,

e The Nationdl Research Council of Canada has prepared specifications
for the design of CAl-terminals and has-developed a number of experimental--...
models, 28 , . ' o o ~
~ "The most commonly used CAI terminals are the typewriter terminal
and the Cathode Ray Tube (CRT) display. The typewriter terminal, which is
similar in appearance to an ordinary electric .typewriter, is ‘capable of
displaying printed text. If a large amount of text is to be typed out at a
terminal by the computer, an unsatisfactory length of time may be required,
The GRT, which resembles a small television screen, is capable of displaying .
informationn much more quickly although no paper copy is produced. -
Generally, a keyboard is attached to the CRT to .allow students to o
communicate with the computer. Another device which the student might .
use for this purpose is a light pen. The student need only touch the '
appropriate area on the CRT screen with the pen and his response will be .
recorded. This féature makes computer instruction possible even for very

o .
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young children. The CRT can dxspaly not only prmted text but also tables,

" graphs and diagrams. -Because CRT’s are silent in operation, they may be
installed directly in the classroom; whereas the installation of the noisier
typewriter terminals would require a more specialized arrangement. A
student instructional station may also include: a computer-controlled slide -
projector and an audio unit complete with earphones so that the computer
can actually ‘speak’ to the student. ;

Learning by ear, beginning with early ch:Idhood is xmportant and
fundamental.. However, experiments with audio devicés are only in the
developmental stages. In developmg an audio unit the followmg standuds
should be met: - e

1. The speech should be of hxgh quality and mtelhgnblhty

2. Large quantities of possible messages must be available 5o that & .
message can be selected on the basis of the student’s response.

3. Fast access to the messages is neede& m order not to delay the
pace of the tenchmg

The' development of devices Whlch recogmze the human 'voice as mput
to the computer is still in the future. :
CAI Software . v . :

An instructional program is composed of a series of frames — each
frame consists of a teaching statement and some request for response from
the student. The computer must be instructed to wait while the student is -
allowed time to respond. Regulatory and btanchmg instructions, including
the above ‘wait’ instruction, must be e ded directly into the
programmed instructional sequence. These special instructions, which should .

~be invisible to the student, are part of the CAI authoring languages which the

¢ coursedemgne uses to write instructional programs: Authoring languages

~ may be spec demgned for CAI course writing (e.g. IBM’s“Coursewnter or .

- .CDC’s Tutdr) or m imply be multi-purpose interactive lariguages (e.g.
APL). The'language used must facilitate the rapid handling of large amounts b
of instructional material.

. The author must also pravide for error branching. That is, he must tell
the computer how to handle any student res e. How this is accomplished :
depends on the specific authoring language. _
Finally, the completed CAI program must be tes
students since it is impossiblé for the designer to antici

- reactions to materials which have been developed. v

There has been much controversy over who should design CAI
programs. Somie believe that program development should be in the hands of
individ®l teachers, while others maintain that teams consisting of expertsin

~ the subject ﬁeld psychologists, and- experienced CAI programmers are
necessary. Both approaches are presently being studied — the PLATO IV
system and the TICCIT system described in the followmg section are
examples of the respective approaches.

b
on a number of
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- terminal. .- o : , L
' CAI programs are written in TUTOR, a powerful - authoring language -
~ which can be used by teachers with littlé knowledge of computers. In fact, it

.. is the individual classroom teachers who have developed the many

instructional programs now on the PLATO system. Programs exist in such

R e an

Some Current CAl Progl:ams . | o

Probably the most advanced and widely publicized experiment in CAI

-is ‘the PLATO IV project?? at the University of Illinois. PLATO
{Programmed Logic for Automated Teaching Operations) was begun in
1960, with a single interactive terminal. The system presently supports 250
" terminals located in schools and colleges in the Chicago area. Eventually

4,000 terminals will be included.’ . .
The most innovative feature of the PLATO system is the plasma display

_panel developed at the University. The plasma panel offers all of the
capabilities of a CRT screen, but is very compact, has little or no flicker, and -

"can be connected to low grade telephone lines. Computer - controlled -
auxiliary equipment such as audio systems, touch panels, film projectors, =

and tape recorders, may be added ta the PLATO IV terminal.' Designers
predict that’the total cost of the PLATO system, including costs of the

. computer, communication lines, terminal equipment, and instructional

material development, will be between 50¢ and 75¢ per student hour per

diverse area§ as Biology, Chemistry, Computer Science, English, Foreign

" Languages, Geography, Mathematics, Music, and Physics. Lesson material
" . can-easily be revised by the teacher if he wishes,

Another system which has received much attention is the TICCIT
(Time-shared Interactive ‘Computer-Controlled Information Television)
system,31 developed by -the Mitre Corporation. Unlike the PLATO system

-which depends on one large computer, TICCIT is built around two
. minicomputers. Interactive CAI terminals may be connected either directly
to the system or.remotely over.cable ‘television channels — less expensive -
‘than the traditional télephone line transmission. Each terminal consists of a
- colour television receiver, headphones, and a keyboard. ©~ PR
In contrast to the PLATO system, instructional programs for the -
- TICCIT system are ' designed by teams of technical and educational

specialists. It is estimated that with the present 128 terminals in the TICCIT
system) the cost per student per hour should be about 35¢.” *« . - .
'~ Having looked at the two most outstanding computer-assisted

_ instruction projects in the United States, let us look briefly at some prt_)j_'ects ',

under way in Canada.

: Simon Fraser UniversityBl has been, experimenting with CAI since
+ 1969 when" their Computer Centre implemented IBM’s authoring langifage,

Coursewriter III. In the same year, several interactive terminal§ were placed

in two British Columbia schools, with -the bulk of CAI programs being -

written in the field of science. However, mo'st of the developmental work has

been done at the university level in introductory chemistry. Generally, a
lecturer and an experienced CAI programmer combine efforts to produce the .

instructional programs. Other CAI programs developed at Simon Fraser are

~in the subjectrareas of Physics, Mathematics, Biology, and Economics. ~ -

-
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- The Computer Apphcatlons department of thé Ontario Institute for
Studies in Education (OISE), 32 has been working for several years on a CAI
remedial mathematics program for students with deficient mathematical
skills entering colleges of applied arts and technology in Ontario. At present,

‘about 600 students are partlcxpatmg in the computer-assisted course. The ‘

institute has also designed CAI courses m second Janguage instruction and in
- high school physies. . »

‘ For over five years, the DlVlSlon of F@ucatmnal Research Services at the
University of Alberta (Edmonton) has been carrying out research in CAI

‘on,_ their IBM 1500. They have developed.a number of ipstiuctional
programs, including APL for statistics labs, introduction to Coursewriter -
programming for teﬁchers, pharmacology, nursing, mathematlcs, physics,
fundamentals of data processm sand introduction to special education. The.

Faculty of Medicine is presently the largest.user of the system for course :

work, particularly in the field of cardiology. -
} - At present, a limited amount of expenmentatlon with APL has been
done in Edmonton, pubhc schools. Elementary students have successfully

used drill exercises, while junior and senior high students have learned APL

and used it for exploring mathematics.

The Quebec Department of Education34 has also been expenmentmg
with computer-assisted,instruction. They have recently conipleted a three
year project on CAI dsing an IBM 1500 educational system. Programs were

~developed_for selected topics in French, mathematics, -data processmg,
geography, and computer languages.

LS

Some Problems with CAI -

1. The greatest drawback to-widespread al acceptance is the cost —
‘terminal cost, computer cost, commiinications cost;"and program
development cost. The first two are at present quite high but
" technological advances. are resulting in cheaper and better hardware,
‘Transmission costs, too, should. decrease — lowered costs have been
observed in both the PLATO and TICCIT projects where CAI programs
_ are transmitted over television channels rather than the usual telephone
lines. Perhaps the largest cost and the one least. likely to be reduced

" ‘with modern technology is the development of instructional programs,

The amount of time required to produce even a very ‘short sequence is
prohibitive. It is estimated that between 20 and .100 man-hours are
required to-produce one hour of tutorial CAI.39

2, There is still an acute shortage of hlgh quahty CAI coursé material. In
- fact, the programs that do exist generﬁlly cannot be used on systems
other than the type on which they were developed. The shortage is also

a result of a lack of professional and educational incentives, a lack of -
. established production methods and procedures, and the vagueness of ‘

_. ;- market prospects once progranis are completed
" 8. Teachers may resist CAI .if they see it as a threat to theu: JObS or to

S - traditional teaching methods, or if it requires 55’ considerable retraining. In.

order for CA’I to be wrdely acéepted teachers must° find their new role

o -attractive. - o v coT o
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The relationship between student and computer lacks peisonal;'-humah
qualities such as the ability to listen to a student’s voice, to observe his

~ bewilderment, or to sympathize with his problems. P
A number of educatoYs are not convinced of the effectiveness of CAL s
§,af

* Some Praises of CAI e o L
1. “Cemputers make it possible to offer individualized instriction to a large
~ number of students simultaneously. Consequently the student may

- work much more nearly at his own pace than in a regular classroom.

Much of thegteacher’s routine classroom’ work such .as drilling,
reviewing, and presenting straightforward material can be transferred to
the computer. ' L o C
Once an instructional program has been developed' it can be used by
many students and for many years. - : . R
Gpmputers can continuously record and provide information on the
achievement and 'progeess of any student proceeding through a CAI
course. : o '
Since each studemt works individually, he feels free to make mistakes
without fear of public embarassment. L :
' Correcting mistakes and. misconceptions immediately after a‘Mudent
has made them reinforces and improves a student’s learning process.
The computer is impartial and consistent — it has 1o favourites. It never
becomes impatient with a student’s lack of progress. S

Computer Managed Instruction -
Many- educators have been concerned that our school system is’
increasingly impersonal and that instruction is decreasing in-effectiveness,
They attribute this to increlsing class sizes, to teaching for ‘averagg’ students
at the expense of those at either extreme, and to a lack of contgk between .
teachers and students. One reason for this is:that teachers simply do not have
enough time to handle the clerical wbrk involved in classroom management .
and at the same time plan individualized ‘learning programs for their-
students. Many educators now look to the computer for assistance. The :
‘computer has long since proven to: be .excellent at clerical tasks such as -
collecting, storing, retrieving, computing, and reporting. These functions find = -
. frequent use in the educational setting. The computer can help the teacher
by storing test Fésults, attendance, and permanent student records. It may
also help him by analyzing the progress of each student and by continuously
individualizing his instructional materials and assignments. Those tasks which
the teacher can best do, such as introducing and discussing new concepts,
explaining subtle points, and responding to student questions, he should

5
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A contmue to do. The routme clerical tas“ks which the compufer can'best do, it
* should be required to do. Thus, in no way can the coniputer be thouglit of as
replacing the teacher — it is simply a tool whth allows the teacher to spend

- more time with individual students, 4

S In CAI actual coutse matenais were stored ii the computer and - the

student interacted directly with the computer. In contrast,nm a Computer

- Managed .Instruction system (abbreviated to CMI), the ‘computer- assists the

teacher with all: those activities which are involved in managing mstructxon,

, but it does not. actually do any teaching itself,’ The computet basically

'+ performs ‘two - functions in a CMI.system — it monitors the student’s

< individual progress; it assists in planning his mdmduahzed program. Coo°ley

and Glaser descnbe the’ goal of a CMI system as follows:. "

. .  'The pnmary furiétion of the computer in a CMI system {s‘zt:o, make
’ ¢ posgible more comphcated ‘decision proeesses than wojild be

" possible, without' the .computer and‘to do ‘this ‘on a contmuuus

bisis. Automation cannot be justified if the:computer is. used,
- . simply fo keep records. Clerks tend to be cheaper record keepers
‘than , computers.--In  an individualized system, the teacher
S contmuously needs mfon@tmn and ass1st,ance in making
el A tmctxonal decisions.36 &

‘o v, o . o P

s

° There are typlcally four actwmes ‘which may be managed by & CMI '
system. These are test scoring, dxagnosmg, prescribing, and reporting, Let us
look at how aCMI systerh handles these processes. -
o Each course under computer management is divided mto segments or
. mstructlonal units. At the beginning. of each unif,. the student is given a
pre-test whxch ‘may be administered by either the teacher or. the computer
- In some CMI systems, a collection of. test, questions may be stored in- the
- computer. The.teacher inay then compose his own tests from this collection’
and even have the computer print out enough copies for each of his students. ™
If the tests are to be marked by the computer, the student’s answers should
- be efther-on OMR, (optical mark reader) cards, or on speclal answer sheets
< which can be processed by the computer. The purpose. of the pre-test.i it to-
determine the student’s initial status and direct him to a specific, Iearnmg
taske' The computer may assign leammg tasks ‘automatically by exnmmng
test scores, (this process is ‘called. prescnptwn) ot-if full automation is not
demed the.computer can supply ‘the test .results in the form of a printed
v report to the teacher (diagnosis). In’ j;lus case, the report -would become ohly-_
- oné of a number of sources .used: by the teacher-to' prescnbe Aearning tasks '
- for the student. In the end actual subject material may. be presented throngh -
© s regular classro6m mstructlon, readmg ass1gnments programmed texts, taped
lecture,s or even CAF programs. ¢
Throughout the, unit the studént may be requn'ed to wntedwgriostw or
pmgress tesis to determine whether He is progressin tisfactorily. These-
“ again could' be préoessed:by:the computer. When a-Studedt hag completed -
_ the assigned taskS' he takes’ a post-test covérmg theggmt If/he fails to reach
. .acceptable perfonn% he.may be ass1gued remédxal na al.. -~ o
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. After, the, completion of each test, the teacher would receive several '
reports. One might'list the name of each student, the unit of instruction, the
- objective, and-the score for each objectiye in the unit. With this information,
¥ ¢ "the feachér ¢an study the pattern of accomplishment of each of his students.
and determine which of them require additional help. Another report might
- .. indicate how..mahy students are ‘achieving satisfactorily in each of‘the .-
- » " ,objectives for: thé unit, The teacher can use’ this information to detect '
.. .. jrommon strengths'and” weaknesses «in. his*class and adjust ;the instruction -
.. i“accordingly. The. teachermight, also request statistical information such as'  *
.~ " percentage scores, means, medians, modes, distribution, grade point averages, -
'+~ and percentile ranks to be calculated and printed out by the computer. .
.. .- -The basic pattern of pre-test; diagnosis, prescription, post-test-and
. ¢ . reporting wopld be repeated‘for each unit in the course. o .
s+ .- . 'Most CMI systems37 are similar. to what we have described above. Some
: ~ .do not have all of thé above-mentioned féatures; others have, incorporated ~ .
-additional capabilities. Besides providing the basic CMI services described
' k&g above, Project PLAN (Program for Learning in Accordance with‘Needs) of
. % - the Westingliouse Learning. Corporation plans a study program- for each
* <. . student and also provides career guidance.’CAI is being incorporated as a:
'~ ., methed - of instryction at the University of Pittsburgh by. IPIMIS * -
" ¢7* {(Individually Prescribed Instruction/Management Information System). . i
AIMS (Automated Instructional' Management System), developed at the New. =~
York Institute of Teéhnology, includes evaluation of studént progress,
- .. prescription, and empirical validation and optimization of instruction. At the
. +" ¢, University .of Alberta in Edmontonh a CMI system known as TAIM
. .. (Teacher-Authored-Instruction- Manager)38 is jmqpération. TAIM Stores
. - teacher-prepared lessons, tests, and decision algorfthms; retrieves Specific
T .':'l ssons and tests for individual' students according to their 'needs;
‘automatically .scores multiple choice and numerical answer tests; ‘permits
o tapid retrieval of specific information such as test scores; and allows. easy .
- '~ .modificatjons:of lessons, tests, and decision algorithms. - ’ B

~

I3 .

BN T ' CM_I‘-is' paining in popularity for a number of reasons. The cost of a CMI

e

. syStem is low:compared to a CAI sytem, since CMI. requires only batch-

processing. ,The "student need not be on-ine to the computér. Immediate

;- ..respon e .is not essential in a CMI system ‘as long as results. are obtain “
* within & few hours-after the data'is submitted. Compared to CAI, CMI does ’
not require much computer storage since lessons are generally not stored in

the comMiter. In a CMI system, the comiputer acts as°a servant to the,
teacher, performirlg chores which the tdacher does not have time to do. With

this type of assistance, the teacher-has more time to work personally with his |

-st‘ude%s.. , : e . T o o . S

T " Guidance Information Systems .

) - Because -the computer is capable of storjr;g and quickly retrieving vast
- -quantities of .data, it can be used by the guidanee counsellor to ‘great
—-~advantage® It is éspegially helpfulin the aréa of career guidarice, where the

- counse]lor would like to have information on thousands of careers and

>  post-secondary educational institutions at his fingertips. A number of career
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guidance -systems are now i operatxon, notably CVIS (Couxputenzed
Vocational Information Syste Y‘m Illinois, Project PLAN in Cal fo

- ECES (Educational and Career Exploration System) in chhxgan,

- SGIS (Student Guidance Information Service) in Ontario.40 *

[§

The simplest computerized guidance information systems requxre that

. studeénts send their requests and personal data to a computer centre remote-
- from the school. The student could request a list of colleges, occupations,

4

information on financial aid. The list would be selected by the computeron . .

“the basis of student-supplied information such as his -preferences, grades, |
* . financial situation, and so on. Requests from many students.are. processed in -

a batch and results are.usually returned by mail to the student: There can be

Let us Jook at Ontario’s SGIS which has only. been in operatxon since

. February, 1972, At present, some .65, 000 students in 75 Ontario secondary

schools are using .the SGIS, service. The system presently contains

~ information’ on 7,000 occupatxons and 200 educational institutions: There
are* four- areas ‘'in which students may - receive mformatmn careers, -
educatlonal institations, - career educational requu:ements -courses and "

programs. Each student is mxtlally given a master list of institutions and
careers. agd a supply of OMR (optical mark reader) cards. Students encode

_on these' cards their specific requests and the cards. are gent away to be

.a considerable delay from the tlme the student submlts hls request to when
" he receives his reply. - ° :

@t

processed. The” information generated by the computer consists of a -

description of ¢areers or institutions selected by the compiiter on the basis
of the student’s req%ests ‘Since the information is processed off-line, - the
student must wait from 3 to 6 days for his output,

" 'This type of system has at least two drawbacks. One is the time delay

involved. The other is the rigidity of the system. The student is not able to -

- .interact with the computer, change his mind, alter the course of the output

~— without submitting a new OMR card. If a student is undecided as to the

~ career he should pursue or the institution he should attend, he needs a more _
- flexible system at his disposal — one which allows students to communicate
- via-interactive terminals with the computer. Such a system is being piloted in

several schqols in the province of Ontario in/1973. The student enters his

information during his session at the terminal.

-~ - Neither of the above systems stores information about the student,

either. personalized data or previous interaction with the system, for future

reference. Some systems possess this additional feature. They maximize the
". computer’s ability to relate a student’s grades, interests, and abilities to his
. exploration- of vocatxonal and educational | opportunities. The system may be
- . designed to point out dlscrepancxes in- the student’s plannmg, to review-the

student’s record with him, and to review his last use of the system. Let us

. look at part of a sample dialogue from Project CVIS41 at Willowbrook High

School in Villa Park, Illinois whlch'ﬂlu\strates ‘many of these features.‘ 0

ER

GOMPUTER Hi, Bill Brown. That i is your name, isn't it? = —

STUDENT' Yes

°

" requests using a CRT terminal, He can activély control the presentation of




'COMPUTER: ‘The last time you were here, you were exploring

: occupations in the category of science that require _
community college training. What would you like

. to do today? Your wish is my command,

1. Contim,lle,,.exploratioﬁ of this list of occupations. )
2. Make new decisions about training,
.~ 3. Make new decisions about area of interest.

- STUDENT: 3. U C

_~ COMPUTER: . Pleasé choose one of thefollowing (displays list of
SR T ¢ . eight categories of interest), : _

" STUDENT: Technology. .
- COMPUTER: * You showed significant interest in this field on the

.‘ last interest inventory you took. L

A computerized guidance system can never replace the guidance

, counsellor. The counsellor is still needed to discuss individual decisions with
students. The computer helps with the information-collecting and sorfing

. Stage previous' to.actual career decision méking. ' oo

K=Y

Conclusion .

The intent of this report has been to make 4t possible for educators to
learn more about how computers can be used in education. S
The first part — How Computers Work — showed that despite its
tomplex technology the computer is based on simple-principles. Two main
areas of computer use were then -described — administrative  and
instructional.- Most.administrative applications of electronic data processing
characteristically use the computer to greatly réduce routine clerical tasks
-and increase the efficiency ‘of operations. The sophisticated management
.. information system helps school administrators in all phases of planning and
decision making, _ o R : L
.- Instructional uses - of computers have progressed beyond the
experimental stage. .Computer problem ‘solving and" simulation are now.
well-established, in“thbusands of North American schools and colleges.
- Computer-assisted .instructioR has been shown to:be: a. good way of
- individualizing learning. Factors which inhibit its widespread acceptance are
not so much technological as psychological and economic. . o
" As computers become smaller, more powerful, and less expensive, they
- will play an increasingly important role in education. A population of  '
teachers and administrators who are well-informed about computers is the
- best assurance that computers will be used Sfficiently and effectively -in
- education. . " - , _. ,
- This report is .commended to all those who seek to learn about
- Computers in Education, : o ' o
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Guxdance Assoclatlon,.1972) :

40 'I'hxs descnptxon of SGIS is based on an unpublished report by Reddy
Konda, Student Personnel Services, Department of Educatxon

a
o

41 Hams,op. cit,, pp;8-9 ’
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. report is available at the Computer Services Branch, 103 Water Av
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Glossary
- . \
~access tlme — the time needed to locate and retneve data from a computer
memory devite. ' ~ S

.. -accumulator — a Speclal location in the anthmetlc/loglc umt used for
arithmetic operations. :

address — a unique label or number used to denote a partlcular word ina-
~ computer’s memory. .

algonthm — a step- by-step procedure ‘for fmdmg the solut*on to a problem.
"APL — A Programmmg deguage an -interactive programmmg language .

& used | for problem solving —'developed hy IBM Corp. -
anthmetlc/loglc unit. — the part of a- comgut’/ t which performs anthmetlc
and logical gperations, : }

. assembler — a program .that, translates assembly 1 ,
"« machine language. ~

“assembly language — a low {gvel computer language
‘\ﬁnstructlons to be written in symbolic form, -

,audio) response unit — én output device wh;ch cons
from a pre-recorded vocabulary

‘authoring language — a special language used for writing computer ass:sted
" instruction progtams. o ,

- . automatic data processmg - the use of electronic or mechamcal devxces to
process data," .

auxmary storage — storage which is used in addltlon to the main storage of a
o com’puter e.g. magnetic tape, disk, or drum. v .
W BASIC ~— Beginner’s All-Purpose’ Symbohc Instruction Code — an
easily-learned interactive: programming language which ™ uses simple
Enghsh commands. It was developed at Dartmouth College.

- batch processmg — a technique ‘ip which a group of programs to be runare
~submitted together and processed automatlcally one afte‘r another by’ .
} . the computer. . . \ .

binary digit — (bit) — either a 0 or a. digit in “the bmary system All ,
information inside the computer is re esented in terms of bits. -

bug —a mlstake ina computer program; removed by “de-buggmg”

~ card reader an input device which senses’ coded mformatlon on cards and
stores it i ln the computer. © . 3

card punch .— an output device which stores mformatmn on cards by
punchix holes in them. . :

. cathode ra tube (CRT)—a televxsion-hke screen or dlsplay often used as an
" * ._ input/output device for a computer.

.71;' . central processing unit (CPU) — the portlon of the computer that mterprets
. ~ and carries out the instructions in the computer’s s memory It consists -
of the anthmetlc/logxc unit, control umt and mam étorage umt. .

.. -B8-
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COBOL —-COmmon Busmess-Onented, Language — a computer language
lntended for busmess use.

e I3

_ compxler —a program wfuch translates «sprograms wntten in a hxgh level'
- \"language into"a machine level language e .

computer =‘an electronig dev1ce whlch” rbcesses mformatlon under the ) .
T controlofastoredpr - CL ,,°- Ay ) ‘. 4 .

computer-assrsted mstructron — ,method f using a cqmputer system to. .
' present individualized mstructlonal material.. . . . ©

S computer literacy — @ course whose ann is to, provxde all students with, t
o general knowledge of ‘the computer and its role in theit hves o

computer Thanaged msutructlon —"using the computer to assmf: the teacher in .' )
. the manage nt of mdwxduahzed instruction. ‘ . e

coinputer scxence - the %tudy of computers and their languages‘

controI"umt - the pt)rtron of .the central processmg unit which mterprets Ll
: and- executes ‘the instructions in. proper sequence and controls the -~ . .-
funetion of all other- units in accordance with the mstmctlons 4, Coert o

: cdre storage'— the riost common’ type of main: storagea Lt represents i
’,' ) information: by ‘means ;Of tmy dbughnut—shaped cores of magnetxc SR

» matenal : 5 *‘3. . T,

- data preparatlon —. the , process of convertmg mformatlon/ from

: human-readable form to machme—readable form s e . ‘~ L

data processmg-‘ : e B
" ol the manlpulatlon of data accordmg to precxse rul'es o,f ' '

, _ ~ progcedure to produce mformatlon | A

. 2. ‘the @Brdy of the use of- computers in busmess .

debuggmg — the process ot\locatmg and con'ectmg mrstakes in a computer ) N
~ .program. y . : ’ :
- dialogue system - the most sophlstlcated type of. computer-assmted .
instruction. It.permits the student and the computer to carry on an oy

. extenslve dialogue about the subject matter. = oo

dlrect access — a storage ethod in whlch acgess to the next posltmn ,from I
. “which mformatl is to be obtamed is in no way dependent on the °,
posxtlon from which nformatxon was previously obtained. .

do_cumentatlon — a set of notes accompanymg a- computer program whrch
describe its purpose, detarls of the algorithm used, samptes of the mput -
and output and complete/nstructxons on the use of the program. ; * °

dnll ‘and practice system least . complex form °of eomputef—assrsted ‘ e
1nstruct10n. It is used to dnll and rev1ew students on prevrously tatight

B EN
.

¢

mater,lal v : , v . " L o

electxnomc data processmg — EDP - data processmg carned out bya ° . U

computer, especxally in the area: of busmess 0, . STt .
R .', T \ i R “ S
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*eiecutnon phue ' second phase in rnnmng a program, during which the .

(v machine language mstructlom are executed one at a txme by t;he

computer

g , ﬂowchart graphical representatxon of the steps uised to solve a problem.

The- preparation” of a ﬂowchart is usually the fxrst step in wntmg 8
computer program ‘D,

FORTRAN ' FORmula TRANslatxon —a programmmg language desxgned E
pnmanly for scientific and miathematical uses.

hardware ~ the physxcal equlpment and electromc cn'cmtry malang up a
: ‘computer. .

hlgh level language — a computer language with a well defmed grammar, )

vocabulary, and punctuation which is convenient to- use in writing ..

. programs. It must first be translated into fachine language by a " -
" program called a compxler before it can be executed by the computer. :
. Each statement in the Wh level language «13 expanded into several
e machine level instructions:

put ~ transfer of ‘information from an external medmm such as paper, o

" cards or tape into the main storage of the computer.

between all these files to mmlmme duplxcatlon and faclhtate retrleval of
information,

keypunch -~ a machine whxch encodes mformatxon on- cards by punchmg

holes in them. - -

hght pen ~a photo-electnc pen used for pomtmg at or drawmg on a CRT .
dlsplay :

line. prmter ot devlce which prmts comput&t output on standard computer B
. paper... . , .

~low level language - exther a machme language or assembly Ianguage

°

machme language — set of numeric instructions which can' be d;rectly o

interpreted by the circuitry of the computer.
magnetxc disk — a disk coated with magnetxc matenal uppn whlch .

i m{ormatlon m3y be stored as a. senes cf magnel{ljed spots can use

¢ direct orasequentlal access.

magnetxc drum — a' cylinder coated with magnetxc material upon whxch. SN

) mformat;on may be stored as a series of magnetized spots; can use ‘_
~ direct or seqpentml access. - . ‘

z

> magnetxc tape —.a tape coated Wlth magnetxc material upon which’

‘information may. be ‘stored as a senes of magnetlzed spots; _uses .
sequentlal access only. . . .

mam storage — the part of the central processmg umt where program
mstructxons and data are stored

—y
‘.
.

. .‘_: . 1 | A.‘a.. o . v -6'0-

s mtegrated data base the complete set of computerized flles used-by a -
e management information system Cross references are- established




management mformatxon system ~—a computenzed system for provrdmg
: management wrtlr adequate,( accurate, and tnnely mformatlon for

" detision making, .
master file — a file of mformatlon which changes relatxvely mfrequently
: memory see storage.” . _ . -
- 'mlcrosecond —one. mllhonth of a second Lo
4 mllllsecond ~—one thousandth ofasecond.. R - _
’ mnemonlc —an abbrevxatlon or letter combmatlon that is easy to remember, s

‘ used in assembly language programming.
nanosecond one billionth of a second.’.

object program the machine language pl‘ogram produced by a compller |
from the original source program in a high level language. g :

off-line — not under the control ‘of the central processmg unit.

. OMR card —(optical mark reader card) — a Speclal type of card upon Wthh
. ' information can be encoded as pencil marks instead of punched holes.
RS (1 can be read by a modified card reader, o

n-hne - underthe dn'ect control of the central processmg urut e ,

operand — the’ part of a machme language instruction Whlch speclfres a
- location i mmam storage to be used in the operation. -

peratxon code’ — the part of a machine language mstructlon speclfymg
which operation is to be performed

output ~— transfer of mformatlon from’ the main storage of the computer to
an external medium such as paper or a CRT display. . . R

i

- PL/1 — Programmmg Language One — a programmlng language smted to
both scientific and business apphcatlons

' program — a sequence of instructions which directs : a computer to solve a AT
- particular type of problem. :

'random access — see dlrect access. - . - C C o
read — to accept or copy- information from an 1nput device into a computer o

* read/write _head — a small electromagnetlc unit used for readlng, recording;’.
~or erasmg magnetlzed spots ona magnetlc tape, dlsk or drum: :

» record ~a group of related data items. - " e

i

‘remote device — an input/output umt or other pxece ‘of equlpment which is
“. ‘removed from the computer centre but connected by a commumcatron S
line. - L . 4

fsequentxal access — a storage method in whlch the stored items of L
- information become Tavailable only ‘in a one .after the other sequence L e
‘whether or  not all the information or only some of it is desxred ‘

: ;'s1mulatron — the use of a mathematical model to explore the charactenstlcs i ‘
- ofa real-world phenomenon. N : a

I A
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softwite — the. collection of programs su‘h as compllers, assemblers, etc.,
- suﬁphed by: the manufacturer to make the computer functxon\
effectlvely, as opposed to hardware.

urce program — a program written in other than machlne language wlnch ‘

must be translated by the computer into machine language before use.
rage = the part of the compute’into whick information can be copied,

which will hold this information, and from which the mformatron can’

‘be obtaxned for use at a. later time.

h tenﬁmal —a devxce by which data may_ enter or leave $he computer system,

eg. typewriter terminal, CRT terminal. -

simultaneously.. The users’ terminals can be located at any dlstance
-~ from the computer.

- time slice — the small zmount of time glven each user’s program in turn in a

timegharing system

. transactlon file — transactions accumulated as a batch ready for’ processmg

against the master file.

‘translation phase — first phase of running a program dunng whi_ch the
statements in the hlgh level language -are translated 'mto -machine .
 language. s

translator —'a program whichi translates mstructxons from the programmmg
language in which they are written into a machine level language which
‘can be interpreted directly by the computer. Two classes of translators
are assemblers and compilers

tutorml system — the type of computer-asslsted mstructlon where the -

computer assumes pnmary responslblhty for teaching. new matenal

word — a set of bits which occuples one storage location and is mampulated
a8 a unit by the computet.

~write— to copy mformatlon from a computer to an output device.

-

- time shanng — a technique by which a computer can semce many ‘users - -




