DOCUMENT RESUME

BD 092 086 IR 000 644

AUTHOR Chevalier, Guy; Gateau, Bernard

TITLE Report on the Instructional Use of the Computer. Vol.
1, Types of Uses.

INSTITUTION Quebec Dept. of Education, Quebec. lLab. of
Educational Information.

PUB DATE Mar 73

NOTE 209p.; For related documents see IR 000 645 and
646

EDRS PRICE MF-$0.75 HC-$10.20 PLUS POSTAGE

DESCRIPTORS Automation; #*Computer Assisted Instruction; Computer

Based Laboratories; *Computer Oriented Progranms;
*Computers; Educational Technology; *Instruction;
Instructional Teclhnology; Simulators; *State of the
Art Reviews; Teaching Machines

IDENTIFIERS Canada; Quebec

ABSTRACT

The different uses of computers in education were
surveyed. Three major uses were defined: as a laboratory tool, as an
instructional management tool, and as a teaching instrument. As a
laboratory tool the computer is used as electronic equipment, a
calculator, an automaton, a simulator, and a research and development
tool. Instructional management uses are divided into information
banks, testing aids (answer processing, test generation, and
individualized testing), and computer-managed instruction. As a
teaching instrument the coumputer can be used for drill aund practice,
tutorial work, or dialog. In each use classification, the application
is presented, examples are given, instructional and technical aspects
discussed, and experiments cited. Volume 1 gives the classification
scheme that forms the foundation for volumes 2 and 3. (WH)




Reporit on Volume |
Types

The Instractional o Uses
Use

of the Computer

S Y
o Nl

> L a
. ER
) . Y2 NS
’.‘.: 4 y '_ " 3 o
e T s Y~
I . :

aw?® 0y
-

]
.."

Service de !"Informatique
() 0 Ministére de I’Education
< Province de Québec
Canada




D 092086

The instructional use
of the computer

Volume |

TYPES OF USES



Report on

THE INSTRUCTIONAL USE
OF THE COMPUTER

Volume |

Types of uses

US DEPARTMENT OF NEALTH
EDUCATION 8 WELFARE
NATIONAL INSTITUTE OF

. EDUCATION
ML DOIUAENT AL HELA wEERD
DLOED EXACTUY a5 WECL W LD snpne

S CROAN AT TR N
NTHCE LS TR NGy
SUT NETEY AN (Y WE ek
. CUURUNAT DN NLT ot
EOLCAT IN PO Yoy Sn e v

Laboratoire de Pédagogie Informatique
Service de I'Informatique
Ministére de I'Education du Québec
March 1973




The three volumes* of the document “The Instruc-
tional Use of the Computer" are the result of a
report submitted to the Department of Education

in March 1973 Ly the Laboratoire de Pé&dagogie
Informatique. This study, directed by Mr. William
Lee, continues the work done by the Laboratory

set up in 1968 within the Department of Educa-

tion's Dara Processing Service.

In the first volume the classification and
description of the types of instructional uses
to which the computer may be put are the work of
Guy Chevalier and the oxperiment reports, the

work of Bernardé Gateau.

The secaond volume on the costs of the various

computer uses was written by Prangois Labrousse.

The third volume which describes tne scope of

computer use in education is the work of Lucien Dubé.

The final copy was put together and given its
finishing toucheas with the assistance of Miss

Dianc Laflanme and iirs. ¢3line Brochu.

*Volume 1: "Types of uses"

1 Volume 2: "COStsr
- volume 3: "Scope”
ERIC




INTRODUCTION

The purposc of this report is to make the present instruc-
tional uses of the computer known and to make recommendations to
the Quebec Department of Education concerning the policy to

adopt in this field.

The functions of the Laboratoire de Pédagogie Informatique
included informing the Department of the possibilities of computer-
assisted instruction and suggesting ways in which such instruction

could be developed in this province.

This is the objective of the volumes which follow. The
first three attempt to describe the role played by data processing
in education today; the last analyzes this role on the basis of
the present orientation of our educational system and makes
recommendations for preparing for and organizing the instructional

use of computers in Quebec.

As mentioned at the beginning of each volume, the report
was written by several different persons in the laboratory.
Its coherence derives from the use in all the volumes of the

classification introduced in the first.

This report endeavors to deal with the principal problems

arising from the instructional use of computers although it does not

o "PI Report, 1973.
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pretend to do so exhaustively. The recommendations mainly

concern the pre-university level.,

The possible importance of educational technology in Qué-
bec and particularly the new lease on life the computer can
offer education was present in the authors' minds throughout their
work. It was their objective to transmit this awareness to

their readers.

Q LPI Report, 1973,
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CHAPTER I

INTRODUCTION

1.1 why have a classification?

Classifying the fnarrueticnal uscs o the computer seemed
an effective method of studying the field. The goals were:

- to acquire a well-defined terminology by removing certain
ampbiguities encountered in the American and French data-
processing vocabularies. It will be noted that we chose
terms, which, while remaining descriptive of the type of use,
sometimes diverge from the terms generally employed (or
from their translation).

- to describe all the present applications for each category
presented.

- to forge a tool to be used when discussing the cost, effec-

tiveness and scowe of the various applications.

1.2. Present terminology

One of the most striking aspects of research and develop-
ment in the instructional use of the computer is the diversity

in the vocabulary and the scarcity of definitions.

LI’T Réport, 1973, vol. I



Alan B, Salisbury lists over twenty terms used by the

Americans to denote Cal*type applications (58)* %,

Several authors, each according .to his particular
interests, have listed or classified terms associated with
the various ways of using computers in education. The lists
drawn up by Helen A, Lekan (42), Entelek (22){ Robert A.
Seltzer (61l), J.H. King {38) and Alan B. Salisbury (58, p.38)

are given in figures 1, 2, 3, 4 and 5 respectively.

Salisbury's classification is particularly interesting
and exhaustive. It includes all computer uses in the school
from automatic payroll systems to fully computerized instruction,
including the setting up of timetables, curricula, tests and
so on. Its main interest is in the implied relations between

the various types of applications.

Such & classification could not be applied in this
report since our sole object was to study the instructional

uses of the computer.

*Computer-assisted instruction

**7he figures betweon parenthesis in the different volumes
all refer to references found ot the end of each text.

LPI Report, 1973, vol. I



1.2...

Adaptive

Computer Assisted Instruction
Diagnostic

Dialogue

Drill and practice
Evaluation

Gaming

Information Retrieval
Inquiry

Interview

Intrinsic
Investigation
Learner—controiled
Linear

Problem solving
Simulation

Tutorial

etc...

Fig. 1 Helen lLekan's Iist of program logics (42)

LPI Report, 1973, vol. I
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1.2-!-

- Tutorial
. Linear
. Intrinsic
. Adaptive
- Problem Solving
- Socratic
- Laboratory (simulation)

3

- Game

Fig. 2 Entelek's clasaification of types of CAI
courses (22)

Drill and practice

Tutorial

Simulation (gaming)
Information Retrieval
Computational Display Device
Aid to Artist

Dialogue

Fig. 3 dolert Seltzer's classification of computer
uses (€1},

LPI Report, 1973, vol. 1



1.2..+

Computational Aid

Simulation

Lesson material storage and retrieval
Lesson prescription

Testing

Interactive Instruction

Fig. 4 J.H. King's classification (38, ».87)
ot
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Fig. 5 Alan B. Salisbury's illustration of types of

computer applications in support of education.
(58, p. 38)
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Generally speaking, terms used to describe experiments
or instructional systems are poorly defined if defined at all.
The term CAI has been given widely differing meanings as

illustrated in the two excerpts below:

"The term 'Computer-assisted instruction' is used at

OISE* in a very broad sense to designate any use of
the computer in an interactive role of student diagnostis

or instruction." (50, p.3)

"CAI is the most significant of the instructional
applications, and as used in this article is defined
as: A man-machine interaction in which the teaching
function is accomplished by a computer system without
intervention by a human instructor. Both learning
material and instructional logic are stored in com-
puter memory." (59, p.48)

This confusion does not facilitate study in this area
ot computer applications. Added to this is the difficulty
in transiation. In the educational field as well as in data-
processing, French and English words do not always have exact
equivalents. Terms such as "instruction" or "management" for

instance often undergo slight changes of meaning when translated.

* ontario Institute for Studies in Education

LI Report, 1973, vol. I




1.3 Suggested classification

This classificatioa has the following characteristics:

(a) it describes instructional applications only (as
opposed to administrative applications);

(b) in our opinion, it takes all the known applications
into account;

{c) it is based on the instructional functions of the
various applications rather than the hardware {equipment) or
software (data-processing systems) used;

(d) there is a certain progression, from the simple
to the complex, wherein the applications of the upper categories
(within the classification) have the characteristics of the

applications in the preceding categories.

It should be noted that the classification used in the
present text is translated from its original French version.
The French classification appears on page 9 and should be

referred to if the meaning of the translation doesn't seem

clear,

O
FERIC LPI Report, 1973, vol. I
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153..'

There are three major categories of applications in

the classification of the instructional uses of computers

(see fig. 6b, page 10 which is the version of the French

classification shown in fig. 6a, page 9). .

(i) The computer as a LABORATORY TOOI.. The role of the
computer in this case is not to transmit information (teaching)
but to be directly available to tne users (students, teachers
and so on) as a tool with which they may experiment. The

expression "Computational Aid" is sometimes used.

(ii) The computer as an INSTRUCTIONAL MANAGEMENT TOOL.
In this case, the computer participates in instructional
management with its memory and calculating abilities (testing ,
distribution of instruwtiomlresources and so forth) but does
not actually teach. The expression "Computer Management"is
often used.

(iii) The computer as a TEACHING INSTRUMENT. In this case,
the computer is the teaching medium in the same way as a
written text, a teacher or a film. Because of its particular
characteristics, the computer can be a medium for man-machine
interaction and the program {course) can be adapted to the

needs of the user.
In our opinion, these three major fields of application

overlap. When used as a feaching instrument, the computer is

O
£]{U:LPI Report, 1973, vol. I
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1.3...

also participating in instructional management (it controls
students performance, their progress in a course, the infor-
mation presented to them and so forth). Similarly, a computer
used for {nacrue:fonal rmanagement and a computer used as a

)

{aboratory tool presurpose the same possibilities as regards

hardware and software (equipment and program).

INSTRUMENT DE LABORATOIRE

~ Appareil &lectronique

Calculateur

Automate

Simulateur

- Instrument de recherche pédagogigue

INSTRUMENT DE GESTION PEDAGOGIQUE

- Banques d'information

~ BEvaluation
. Analyse et traitement de réponses
. Génération et correcticn dc questionnaires
. Evaluation individualisdée

- Gestion de cheminement

INSTRUMENT D'ENSEIGNEMENT

- EXercices répétés
- Enseignement de type tutoriel

- Enseignement de type non-directif

Figy. 6a) Original version of the classification.

LPI Report, 1973, vol. I
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10

LABORATORY TOOL

- Electronic equipment
- Calculator

- Automaton

- Sinulator

- Research and development tool

INSTRUCTIONAL MANAGEMENT TOOL

- Information bank
- Testing aid
. Answer processing
. Test generation
. Individualized testing

- Instructional management aid

TEACHING INSTRUMENT

- Drill and practice
- Tutorial

- Dialogue

Fig. 6b)Classification of instructional uses of the computer

-~

LPI Report, 1973, vol. I
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1.4 Content of Part I

.

The purpose of the first part of this report is to
present the various instructional uses to which the computer
is put today. Using the above classification, we will en-
deavor to give a formal description and examples of each
particular type, and bring out the main technical and ins-

tructional characteristics of the various applications.

With a few exceptions, we have endeavored to respect

the following plan for each sub-category in the classification:
(a) Presentation of the application

This presentation usually boils down to a definition
of the application under study and a list of equivalent terms

used to identify the.same application.
(b) Examples

The examples given are intended to illustrate both the
definition and the explanations of the instructional and
technical aspects. The examples were not meant to be exhaus-
tive or to present the most important experiments. Simplicity

and representative character were the only criteria used.

Q
Eﬁ&g;gPI Report, 1973, vol. 1
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{c) Instructional aspects

In this section the application in guestion will be
presented with regard to the services rendered to the student
or teacher. These services may be in terms of the problems
to be solved, whecther in learning, motivation or student
adaptation to environment, or again in terms of the possi-

bilities offered for transmitting and processing information.

(d) Technical aspects
The technical aspects developed may be of three
different types depending on the applications:

-~ hardware and software required for the application (type

of processing, type of data processing system and so on).

~ the instructional limitations of the application.

- the degree of facility with which students and teachers

have access to the application.

LPI Report, 1973, vol. 1
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(e) Experiments

This section describes experiments conducted to measure
the applications' effectiveness as regards a student's performance,
his learning time, or his general attitude towards the various
systems. It will be noted that the various appliéations in
this report werc not all researched to the same extent. There

are fourteen reports on tutorial instruction but none on

electronic equipment or dialogue.

This is due to various factors, among which the following
are the most important:

-~ Certain types of use are more recent than others‘or became
widespread at a later date.

- The very nature of some types of use makes experimentation
difficult. The experiments undertaken result in simple,
completely unscientific appreciaticns cven though Lhey
may indicate the degree of interest in the field.

~ Many experiments on the instructional use of the computer
are efforts to introduce a particular system. The results
of such experiments lead to an assessment of the introduction
rather than an assessment of the effects of the system
introduced. The reports on these experimwmisg, then, are

.actually descriptions of the system, its advantages and its

theoretical possibilities.

LPI Report, 1973, vol. 1
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Our study was based on reports of experiments published
between 1968 and 1972. Our main sources were the magazine
Fducational Technology, the ENTELEK cards and the ERIC micro-
fiches. The experiments in this report were chosen for their

quantitative results.

Q
£}{U: Report, 1973, vol. 1
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CLASSIFICATION OF THE INSTRUCTIONAL USES OF THE COMFUTER

AS A LABORATORY TOOL

~= ELECTRONIC EQUIPMENT
— CALCULATOR

— AUTOMATON

— SIMULATOR

— RESEARCH AND DEVELOPMENT TOOL
AS AN INSTRUCTIONAL MANAGEMENT TOOL

~ INFORMATION BANK )
— TESTING AID
e  ANSWER PROCESSING
¢  TEST GENERATION -
*  INDIVIDUALIZED TESTING
COMPUTER-MANAGED INSTRUCTION

AS A TEACHING INSTRUMENT

— DRILL AND PRACTICE
~ TUTORIAL
— OIALOGUE

15
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CHAPTER 2

THE COMPUTER AS

LAECHEATORY TOOL

2.0 Introduction

One of the characteristics of contemporary education is

undoubtedly the emphasis placed on pupil participation in the

learning process. Depending on the method proposed, the pupil
either handles concrete material or has direct contact with the
phenomena studiea. The objective is active research. The
pupil is requested to discover rather than assimilate. Greater
emphasis is placed on the learning process and the development
of intellectual mechanisms which can be transferredto other

types of learning, than on the content to be learned.

The increasingly important place of the computer in most
fields of human activity, the amazing technological developments
in this field and the impact of the new data-processing techniques
on work organization and life in general make contact with data-

processing necessary for an ever greater portion of the population.
For this reason, the purpose of many of the computer applica-

tions in schiools is to put the pupil and the teaching personnel in

direct contact with the computer. In this type of avplication, the

Report, 1973, vol. I



computer's role is not to transmit specific information.

The computer is a powerful machine made available'to individuals
for use in accordance with their own needs. The systems deve-
loped within this framework are simply meant to make a single

computer available to several local or remote users.

Where instruction is concerned, the computer does work
which the student has himself defined and programmed or carriés
out more or less complex calculations in very short periods of
time. Programs in which the computer simulates experimentel
situations can help the student grasp certain phenomena being

studied.

In this chapter, five major types of computer applications
as a laboratory tool will be studied, namely, the use of the
computer as:

- electronic ecquipment
- a caleulator

- an auteraton

- a simulator

- a research and development tool

Particular attention will be given to the calculator,

the automaton and the simulator.

LPI Report, 1973, vol. I
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Because we want this study to be as complete as possible
we should mention that, in fact, the use of the computer as an
eleootronic equipment is very special and will be treated rather
briefly. The use of the computer as a research and development
tool, on the other hand, is a special application for which the

usual presenlalion plan will not be respected.

It should be noted that the applications of the computer
as a tltaboratory tool! have not been the subject of advanced
systematic research, at least not as reygards the instructional
aspects of these applications.* Most of them do not readily
lend themselves to scientific research. It is impossible, for
example, in this field of application, to compare the use of
the computer to other technigques since the computer has an

original role which no other machine and no person can play.

*

As opposed to technical research on equipment and software.

Q
ERi(LPI Report, 1973, vol. I
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2.1 Klectronie equipment

2.1.1 Presentation
In this case, out-dated computers or electromechanical
instruments are used to teach electrotechniques, electronics,

basic computer concepts and so on.
2.1.2 Examples_

IBM made a second generation computcr, the 1401, avai-
lable to the electronics department of the Trois-Riviéres

CEGEP on condition not to use it for commercial purposes.

.

The department uses it in its course on computer electronics
to familiarize the students with computer circuitry. The
students can modify the computer, add functions or remove
them. Such computers are low-priced since they have been

outdated on the modern market.

There are also a certain number of small instruments
on today's market created especially for teaching concepts
of data processing: Gecision elements, Boolean algebra,

sequential control of instructions, memory and so on.

-

Q
ER&(: LPI Report, 1973, vol. I
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2.1.3 Characteristics
This is not the place for a long description of this
type of computer use. Quite simply, this application has

the following instructional and technical characteristics:

- it enables students to handle the equipment without danger
of damaging a complex and expensive system;

- it makes a trial and error learning process possible;

- it replaces long theoretical lectures on the parts and

functions of a computer.

The student learns from contact with a real,relatively

inexpensive machine on which he can experiment.

LPI Report, 1973, vol., I



2.2 Caloulator

2.2.1 Presentation

In this case, the computer is used as a desk calculator.

vir A~

It has an advantage over nrdinary desk calculator in that it

1]

can carry out stored programs and extremely compléx calculations.

2.2.2 Examples

(1) At the University of Calgary, the students in
education have a series of programs at their disposal which,
given data (hypouthetical or real student results and so forth),
make the required statistical calculations and print the

results in tables or graphs. (32).

(ii) TRAJET, a program set up by Mr. Félix Deforest

of the Université du Québec in Trois-Riviéres plays the same

L.

rele in the solullun of problems in mechanics. Using the pro-

]

posed data, it makes very complex calculations in a matter of

seconds and gives the student results he can interpret. (13).

(iii) 'In August 1971, SIMEQ made the ITF system avai-
lable to certain CEGEP. 1t is a conversational system in
which the computer can serve either as a calculator or as an

automatorn.

)
l{lC LPI Report, 1973, vol. I
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bDuring the first year, at least 30% of the programs
offered used the computer as a calculater., Specifically, at
the sShawinigan CEGEP, Mr. André Bélanger developed a series
ol programs enabling his students to solve complex zalculations.
the 4B program for example, "wakes a conversion table for
changing “he percentage of transmutance into absorbance and
the 505 program "calculates the radii, speeds and energies of

clectrons in given orbitals."*

2.2.3 Instructional aspects

Computer calculation is on the fringe of instructional
applications. Some authors actually refuse to consider any
instructional purpose to this type of use. It cannot be
ignored, however, for it is one of the most widespread uses
which is rapidly adopted whenever a data processing system is
available in a teaching establishment. Obviously, this type
of use is found almost exclusively in the sciences. Its main
advantages in instruction are the following:

- it permits students to come into contact with a computer
without being discouraged by the need to learn the language;

- it allows students to concentrate on the phenomena being
studied rather than the calculations required;

- it eliminates laborious calculations which often draw the

students' attention awoay from the recal problem.

* The information on these programs was obtained from the
description of available ITF programs.

LYI Report, 1973, vol. I




2.2.4. Technical aspects

e e = = e e e e =

The attraction of the computer as a calcoulator is under-
standable in view of the case with which it may be used both

by the teacher and the students. 1Its simplicity is evident in
two ways:

- The teacher can rapidly program the computer for this type
of application even for complex calculations. Once written,

the program can be used by a large number of students.

- When an interactive system is used, the student is guided
by the computer which "agks” him what kind of calculation
he wants to make, what data must be processed and, often
how the results are to be displayed. This is done in a
"conversation" and does not require any special coding by
the student.

The problem of coding is sometimes greater when using
batch processing although most authors of such calculation programs
try to minimize it. In general, the student is given a set
of punched cards for each program. To obtain the necessary
calculation, he simply chooses the required set, adds his card

with the data and hands the entire lot over to the operators.

Until now, most of these calculation programs were
batch processed. Because of their power and their growing
availability, interactive systems are being used increa-

singly for this type of application when the volume of data is

ERJ(: LPI Report, 1973, vol. I




not too great. There are two advantages: less coding and

immediate results.

To our knowledge, no systematic experiment has been
made in an effort to show the instructional utility of com-

puter calculation.

At the Shawinigan CEGEP*, 62% of the 40 students using
the computer for their chemistry problems expressed satisfaction

in a questionnaire.

As regards time gained, it is obvious that a few minutes
with a computer or a terminal are sufficient to replace several
hours with logarithmic tables and slide rules. Moreover, with
a computer, students can try several values when analyzing a
phenomenon and study the consequences as seen in the different

results.

* See report no. 1, paragraph 2.7.

LPI Report, 1973, vol. I
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2.3 Autormatorn

2.3.1 Presentation

The computer is s-id to be used as an automaton when
programming is the actual end sought either when learning computer
languages or when endeavoring to develop intellectual skills

which can be transferred to other fields of student activity.

In this type of use, programming means learning. To

progmam means to express in a language the machine can undegstand
a series of actions which must be performed in order to solve

a problem.

The computer may be used as an automaton in order to
attain two different goals which are not necessarily mutually
exclusive:

- teaching data-processing and particularly cbmputer languages.
- acquiring intellectual skills: mathematical logic, algorithmic
thought processes, investigation and problem solving techniques

and so on.

2.3.2 Instructional aspects

i) Teaching data-processing
The use of the computer as a laboratory tool Wwas intro-

duced very naturally into the teaching of computer languages.

Q LPI Report, 1973, vol. I




"Practice makes perfect". At SIMEQ, over 1,000 CEGEP student
programg are processed each day, not counting the programg
which can be written in the conversational languages of the

ITF system.

In several scientific and technological disciplines
an ability to program and a knowledge.of computers have
become necessary because of the services computers can render.
Practice seems to be the most effective way of learning to
program. Very few formal studies have been carried out
to verify this assumption but it has become customary to use
the computer as an’ qutomaton. Teaching data-processing how-

ever,is only one special case in this type of computer use.
ii) Acquiring intellectual skills.

For a2 few years now, several researchers and education
experts have been recommending programming and the teaching
of a computer language as methods of developing certain intel-
lectual skills. This line of thought concurs with modern
research in didactics and the pedagogical theories with which
names such as Dewey, Decroly, Clapar&de and Montessori are

associated.

Pedagogically speaking, the main characteristic of the
computer used as an aqutomafon is the complete initiative left to

the student when he is working in direct contact with a computer.

Q@ LPI Report, 1973, vol. I
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2.3.3 Examples

i) At. the Sherbrooke CEGEP, Mrs. Marie-Jane Hagquel
(30) experimented with the use of APL by the students. The
students learned APL with an accompanying document and pro-
gramming exercises. Once introduced to the language, they
had to draw up projects ard write the corresponding
programs . The projects {(chosen, defined and executed by
the students thémselves) dealt with pollution, income tax
reports, poetry composition and so forth. The results of
aptitude tests on logic and the initiative shown by the
students in the course seemed satisfying enough to justify

continuing the experiment.

1i) Since 1967, the MIT (Massachusetts Institute of
Technology) Artificicjal Intelligence Laboratory has been
working on the development of a conversational system which
would facilitate the use of the computer as an automaton
and on a research project in the didactics of mathematics.
The first experiments were done on the elementary level but
applications on viie secondary and college levels were also
attempted. The language used is LOGO which was especially
developed for this type of use. The student first learns
the language which, incidentally, is very simple, through
trial and error, writing out short programs to guide the
progress of a vehicle (called "turtle"). The instructions

are of the type FORWARD, BACKWARD, With these instructions,

Q@ LPI Report, 1973, vol. I
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the student can write out very complex programs. He then
either defines a project himself or is assigned a project.

In either case he is obliged to use the given elements of

a problem to analyse it, define the variables and express

the algorithms required for its solution. He must then
programme these algorithms in LOGO, have his program carried
out in order to discover errors and reformuliate or redefine
his solutions until the program solves the given problem.
LOGO does more of course than simply guide the "turtle".

It has the usual possibilities of a conversational

language (51-45).

iii) An important experiment in the use of the computer
as an automaton is the one the Montreal Catholic School Com-
mission (MCSC) has been working on for two years now. In 1972,
over three hundred secondary school students were able to
become acquainted with a computer during an experimental
mathematics course. The CAMP* experiment was developed by
a group of mathematics teachers at the University of Minne-
sota High School in Minneapolis (39). The aim of the expe-
riment is to "teach students in the junior and senior high
schools how to utilize the computer in the solution of mathe-
matical problems and the development of mathematical ideas."

(39, introduction).

* Computer Assisted Mathematics Program

o  LPI Report, 1973, vol. I
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The mathematics teacher participating in the experiment
includes an introduction to "BASIC" in his course. BASIC 1is a
conversational language meant as a tool for teaching sciences.
The student uses it to write out, have executed and correct short
programs. He can thus better assimilate what he learns in

mathematics.

After a course on the absolute value of numbers, for
instance, the following exercises are given the student:
"5- Give the absolute value of: 5, -3, 182, 0, =56, -31
6; Write a program té pfint the absolute value of 5, -3, 182, 0,
-56 and -31.
7- Run the. program that you wrote for exercise 6 on the computer.
Does the output agree with your answers for exercise 5? 1If

not, find your error and correct it." (39, paragraph 7.8)

© _ LPI Report, 1973, vol. I
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2.3.4 Technical aspects
In the axtematon mode the computer can be used either
in batch processing or conversaticnal, When teaching programming

languages to futurc programmers, batch processing is generally

used. *

For intellectual training, however, the use of the
computer as an qutomatonis generally dcne th;ough a conversational
system. This is only natural in view of the importance of
inmediate feedback in such an application and the "dialogue"

characteristics ot the conversational systems.

In the automaton application the preparation of instruc-
tional material is reduced to a minimum. No programming is
required by the instructor. The system is bought, or supplied
with the computer and the student dces his own programming.

The instructional environment for such an application may be
compared to that required of a physics, chemistry or, better
yet, language laboratory. Equipment must be available and

projects on which the students are to work must be defined.

2.3.5. Comparison with the_ cqleulqter

— - o - G- - S am - an am — a- -

There are many similarities between the calculator

application and the automaton application since the student

* At present, in view of the fact that the computer, used to

teach p?ogrgmming, always falls into this category, batch
processing 1s uscd most of the time.

LPI Report, 1973, vol. 1
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who uses the computer in the automaton mode will often write out
calculation programs. Moreover, these programs are often kept
in stock and can later be used in computer calculation by the

same students or their colleagues.

As a rule, the uses can be distinguished by the objectives
sought: |
- if the aim is to do a calculation in which the result is
more important than the procedure, the computer is being
used as a calculator;
~ if the aim is to do a calculation in which the procedure
required to obtain the result is more important than the

result itself, the computer is being used as an automaton.

2.3.6 Experiment results

The only experiments on the use of the computer as an
automaton encountered during our readings give gqualitative
appreciations of its instructional effectiveness. At the
Shawinigan CEGEP*, for example, all the students (100%) ex-
pressed satisfaction with the computer used as an automaton
in their chemistry course. At the Sherbrooke CEGEP**, the

experiment seems to point to an increase in the students'

* Report no. 1, paragraph 2.7

** Example i), paragraph 2.3.3

o LPI Report, 1973, vol. 1
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2.3.6...

initiative and sense of responsibility in the subjects taught.

At the Université Laval, the experiment is now a fact:
the APL system is available to students about twenty hours a
day and the high rate of usage suggests that the system ful-

fills definite needs.

[}{U: LPI Report, 1973, vol. 1
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In this type of use, the computer reproduces a

phenomenon on which the student can experiment actively.

(1) At the University of Illinois {(Project PLATO)
biology students taking a course in genetics have access to the
equivalent of a research laboratory. The computer can generate
a drawing of fruit flies on the plasma display panel. The
student can choose the flies with which he wants to experiment )
(interbreed them, discard them and so on}. The drawings are
extremely precise and the individual specimens illustrated
can differ in some fifteen ways (by their sex, the shape of
their wings, the size and shape of their eyes and limbs,
their color and so on). The student can reconstitute the
laws of heredity by interbreeding the flies, observing the
characteristics of the descendants and repeating the process as

often as desired, either with the samc or with different couples.
(46, p.15)

(ii) The Ryerson Systems Institute in Toronto uses three
different simulations in an effort to enable industrial managcment
personnel to acquaint themsclves with the new management techniques

resulting from the introduction of computers into enterprisec.

O
: LP1 R , .
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2.4.2 ...

[ [
o

In one of these simulations, owpcer Zucillcy Management Corporaticn
the students, working in teams, manage a company selling "computer
time". They have to set the prices and plan their advertising,

and the services the fictitious company will provide. The com-
puter simulates market conditions on the basis of their decisions

and preovides information on the company's economic situation. (19)

(1i1) At Sir George Williams University, Professor D. Mitchell
of the Department of Education is setting up a simulation program
which will initiate future teachers to the instructional management
cf a class. The student teacher informs the computer by means of
punch cards, of the subject he wishes to teach, the strategy and
media he intends to use, the general organization of his class
(divided into sub-groups for instance) and so on. The computer
provides him with data on the behavior of the class in terms of.

individual performance, motivation and so forth.

The student teacher can then modify his approach to the
subject, his strategy or any other variable for which the computer

is programmed and experiment with it (47, 48).

From a pedagogical point of view, simulation presents
very interesting possibilities. Like in the case of the aqutomaton
application, it leaves a lot oif room for rescarch and personal
work in the learning process. The student using sinulation does
not necoed to be controlled, since the cffect of his decisions

o LPI Report, 1973, vol. I
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and actions becomes obvious as the simulation progresses.

From another standpoint, in computer simulation a
student can experiment with and become familiar with phenomena
in a way which would otherwise be impossible. Secondary students,
for instance, could not conceivably have atomic reactors or
betatrons at their disposal, but this equipment can be simulated

be a computer.

1.4.4 Technical aspects

From the technical point of view, the effort required
for simulation depends on the nature of the phenomena or equipment
simulated and the precision with which tney are to be simulated.
The Ryerson Institute's three simulations, for example, require
between 60 and 180 hours of preparation per average hour of use
by a group of students. Preparation includes creating the model

and preparing and correcting the program ,

Simulations can use almost any type of terminal, from
card reader units and printers to the latest cathode screens (or

plasma display panels) , including output tables and typewriter

terminals.

The processing method (batch or convcrsational) also
varies with the applications, the amount of data, the required

or desired rcspgnse time and so forth.

LPI Report, 1973, vol., I
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2.4.4

Here too, however, the use of conversational systems
seems to be more and more widespread where the smaller-scale
simulations used in secondary or college level instruction
are concerned,

2.4.5 Experiment results

Computer simulation can be used in most school
subjects, from economic geography and medecine to
business management, physics and biology. The results of three
experiments on this type of application are found at the end
of the chapter. *

In the Montgomery College project, the computer
simulation of a physics laboratory (the mechanics of shocks)
enables the students to carry out about ten times as many
experiments as they could in a traditional physics laboratory.
This is in part due to the considerable reduction in eguipment
required for the experiments.

* reports 2, 3 and 4 of paragrapn 2.7

LPI Report, 19/3, vol. I
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The use of the computer as a simulator generally
arouses enthusiasm among the students involved in the experiments.
This enthusiasm, however, is not a sure criterion of instructional
effectiveness as the results of the experiment at John Hopkins

University in Baltimore would seem to indicate. *

Used rationally, the computer can play a very important

role as a sirulateor.

* report no 3, par. 2.7
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j *
2.5 Researeli and Jevelovment ton!
2.5.1 Presentation
The computer used as a veseurch and development tool

covers a vast array of applications involving either the
development and testing of instructional material or research

on teaching and learning theories.

- — - e A e e o e i ot ma e et s e e A A M e e T WA R

In an article on computer applications to education (63},
Harry F. Silberman discusses the possibilities of the computer as
a research and development tool. He distinguishes the following:

- The statistical analysis of data from experiments with
instructional materials (audio-visual aids, programmed

instruction, computer instruction and so on).

- The use of CAI to produce didactic material which will not
necessarily be distributed by the computer.*®

- The syntactic¢ and semantic analysis of texts to Le used

as instructional material.  Using programs wiilch can read

* By CAI, the author undoubtedly refers to the threce types of
uses included in our third category, ‘vil/ an! praciice,

P Ty .
st Lot O i D) L T,
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natural language, the texts can be analyzed by computer
for syntactic crror, ambiauities, uscless redundancy,
inappropriate use of vocabulary prior to its definition

and so on.

The author notes, however, that this type of application

is still in the resecarch stage.

- The generation of drill items which the authors of
individualized courses or even c¢lass instructors could use.

- The evaluation and generation of instructional sequences
to encourage learning. The computer can be used to present
various instructional modules in different sequences, evaluate
the performance of various personality types in the different
sequences and then generate the optimal sequences for indivi-

duals or particular groups of individuals.

All these possibilities are included in the research
on the development of techniques for minimizing the time regquired
to prepare instructional material, The problems of delimiting
subject matter, chosing strategies and media and so on are found
not only in computerized instruction but also in audio-visual ins-
truction, programmed instruction and formal lecture courses. Instruc-
tional documents are the result of a cycle involving elaboration,
evaluation and revision (cf. fig. 7). This cycle tends to lengthen
the preparation time and increase production costs significantly.
The various possibilities listed above make it possible to test
the material before or during claboration and thus reduce the

number of evaluation-revision cycles necessary for good results.

LPI Report, 1973, vol. I
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2.5.3 Example

Mr. Gary M. Boyd of Sir George Williams University
in Montr&al has developed what he calls a "Laboratory for CAI
Lesson Rescarch and Development" (5,6). Basically, this labo-
ratory makes it possible to reduce preparation time for
individualized course material (this material will eventually
be presented to the student as programmed tests or through a
teaching machine). A teacher and a student work simultane-
ously at two isolated terminals. * They can communicate with
cach other and are both connected with a computer whose sole
function for the moment is to register all messages,

A closed-circuit television system enables the teacher to

show the student slides or films. The teacher gives his
course using this audio-visual material and his keyboard. He
offers explanations, shows pictures, answers the student's
questions, asks him questions, comments on the student's answers

and so forth.

Using the computer's record of the teacher's and the:
student's messages, prograns separate ecach other's interven-
tiong and produce a copy of the messages. The teacher reviews

the text and deletes the useless or over-specialized information.

* In this case, the terminal is a cathode ray tube and a keyboard.

LP1l  Report, 1973, vol. 1



On the basis of this corrected text, the computer generates a
prograr enabling any other student to take the course without

the ‘teacher.

The operation is of course repeated with several people
representative of the student body the course is intended to
serve. By making the necessary deletions, it is possible to
produce a course adapted to most of the students. The computer
can then put out the definitive text of the document ready to
be used as a programmed course. At Sir George Williams University
the computer, using such a text, can even generate a program for
adapting the text to a private teaching machine.

2.5.4. Theoretical rescarch in _education*

e e e e S S e . e e At b e W e o e A

The amount of scientific research done in education
has increased noticeably over the past twenty-five years as a
result of a new educational technology which had to be tested
for effectiveness both fromaneducational and an economic point
of view. At the same time, these new methods providea research

* The following text is based in part on an analysis by
Albert E. Hickey (33}.

O LPI Report, 1973, vol. I
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instruments capable of leading to a better understanding of "the
conditions.of learning"*. The everwidening use of the computer
makes possible and often induces a great deal of research in
this field. The following is a schematic listing of (a) the
main fields of investigation in education, (b) the way of using
a computer for research purposes, (c) the advantages of so using

a computer.

(a) Fields of investigation

(i} Research on theories of learning

model development

model or theory verification

- application of models to concrete situations

and so forth

(ii) Research on the factors influencing learning

the effects of reinforcement and feedback
- the influence of social factors

- individual characteristics

- gathering and analysis of data on existing

instructional systems.

* The expression is from Gagné.

o LPI Report, 1973, vol., I
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(iii) Research on organization and teaching techniques.

- research on the effectiveness of the
various media

- comparison of media

- relation between the learning processes
and instructional sequences '

- and so forth
(b) Main ways of using a computer for educational research.
(1) Information banks

- gathering empirical data

- storing information during long-term
experiments

- and so forth

(ii)} “irmulator

Simulation makes it possible to test dynamic
models, verify the influence of various factors on the initial
hypothetical situation, optimize the processes simulated and

SO On.

(iii) Vutorial instruction is widely used to study the
factors which influence learning. This type of use, besides
making it possible to keep track of all the man-machine interactions,
also makes it possible to reproduce a large number of teaching

situations by changing the variables to be studied at will.

)
'l{lC LPI Report, 1973, vol. I
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{(c) Advantages of using the computer in research and

development projects.

(i) The computer makes possible the precise and
rapid processing of large quantities of data. It can store
an almost unlimited quantity of information.

(ii) When using simulations or practicing tutorial
instrucztion, a laboratory situation may be created in which the
experimenter has increased control over the variables being
studied or the variables which might act upon his experiment
unduIy.

(iii) The computer makes possible the immediate and
dynamic use of results at the time of their registration and
during later stages of the same experiment or during subsequent

experiments.

© LPI Report, 1973, vol. I
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2.6 Lavoratory (o0, - conclusion

In the third volume of this report (Scope), the
rapidity with which the use of the computer as a laboratory
tool has developed will become obvious. The phenomenon,
although particulary evident in the United States, is world-
wide. This expansion is undoubtedly due to a large degree
to technical development in the data-processing and tele-
communications fields, but it also reflects a definite desire
to bring the student into closer contact with the computer
in order to make his learning more dynamic and to expose
him to an environment which will be a reality in the near

future.

The conversational systems developed especially
for teaching (or learning) were designed to facilitate the
use of the computer. Pedagogically, this facility of access
is doubled by the relative simplicity of installing thc
elements necessary for the various applications*. The computer
used as a lakoratory tool! 1is an object which in varying degrees,
can be used by anyone regardless of his learning theories or the
methods he prefers. It can make possible learning experiences

which no other equipment permits. This is particularly true

* This simplicity is rela:i{e to other types oi applications in
which the preparation of the instructional material requires a
considerable amount of work, as for example when the computer

is used as an Instructional management tool Oor & teaching
instrument,

LPI Report, 1973, vol. 1
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of those activities in wnhich the computer plays the role of

aAn o or o OF ooy s o,
The almost total lack of controlled, scientific

experiments to confirm the sometimes surprisingly optimistic

af firmations of the promoters and uscrs of these systems, however,

at times makes it impossible to form a truc idea of the

systems' real instructional value. This is especially regreﬁtéble

in those areas in which a generalization of the applications

could incur considerable expense.

O 1Pl Report, 1973, vol. I
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REPORT NO. 1

INSTITUTION
CONCERNED : Shawinigan CEGEP
USE : Laboratory tool
LEVEL :  College
SUBJECT : Chemistry
REFERENCE ;o (3)
COMMENTS
. It took 10 hours to initiate 40 students

to the possibilities of the ITF conversational system. There

was one terminal available.
RESULTS

62% of the students expressed satisfaction
with the computer used as a calculator.

100% expressed satisfaction with the computer used as an cutomaton;

77% expressed satisfaction with the computer used as a question

.‘ 4‘)
Lo M

Moreover, 89% of the students want to usc ITH again

next yoear,

Q
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REPORT NO. 2

INSTITUTION

CONCERNED : Los Angeles County General Hospital
USE VMM mulator

SUBJLIICT : Medecine: anaesthesiology

REFURENCE : (1)

COMMENTS

The students had at their disposal a
conmputer-contrclled mannikin, "Sim One". Sim One breathes, has
heart beats, temporal and carotid pulsations and blood pressure.

He reacts to doses given with a mask or a tube.

The aim of the experiment was to see
whether five interns practicing on the mannikin (experimental
group} would acquire professional competence in "encotracheal
intubation" with fewer sessions in the operating room than
five other interns (control group). It was also hoped that
the experimental group would become competent more rapidly
than the control group after their first session in the operating
room. The experimental group spent between 5.5 and 9.5 hours

with "Sim Cne®.

O
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RESULTS

On thc average the experimental group
required 30.0 operating room sessions to meet the criterion
"nine out of ten positive results" while the control group
required 57.8; the difference is significant (p<.05).

There is an approximate possible gain of
75% in time. Moreover, the authors of the experiment believe

this method could spare patients a certain amount of pain.

Q
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REPORT NO 3

INSTITUTION

CONCERNED : John Hopkins University in Baltimore
USE P T mulstor

LEVEL :  Secondary

SUBJECT :  Economic geography

REFERENCE 1 (44)

COMMENTS

The experiment involved between 20 and 40
students. The player has to modify certain parameters to

give his country the highest poseible standard of living.

RESULTS

There was no significant difference in either
motivation or learning for the 22 eighth grade students of low
academic ability. The result was the same for 32 eighth grade

students of average and above-average ability and for 40 tenth
and eleventh grade students.

The students and teachers participating in

the simulation, moreover, were enthusgiastic,

I.'T  Report, 1973, vol. 1




On the basis of the measure used, the authors conclude
that there is not always a relation between enthusiasm and

learning or between enthusiasm and motivation to learn.

Q
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REPORT NO 4

SR

INSTITUTION

CONCERNED : Montgomery College, Maryland
USE : il o

LEVEL : Secondary

SUBJECT : Physics: mechanics of shocks
REFERENCE ooy (4)

COMMENTS

80 students took a four-item pretest.
68 who did not reach the terminal objective were divided into
two groups: an experimental group of 29 using the computer and a
control group of 39.

After cach group had received 55 minutes
of class instruction, the experimental group worked with the
computer while the control group did the laboratory experiment.

The followiny day, the students toock a four-item: posttest.

RESULTS
Protest:
B ‘ o STANDATD
GROUP MEAN SCORE LRVIATION
ExPERIMENTAL 1.72 .87
CONTROL 2.31 .88

T}ijI Report, 1973, vol. 1
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The control group was significantly

superior to the experimental group /o 2re¢ the practical work.
Posttest:
, ' , STANDARD
. R ‘ .
GROUH MEAN SCORE DEVIATION
EXPLRIMENTAL 3.21 .66
CONTROL 2.72 .75

The experimental group was markedly superior

to the control group i/tvr the practical work,

There was a noticeable increase in the average

cf thc cxperimental group as compared to that of the control group.

GROUP ' MEAN GAIN.
EXPERIMENTAL 1.48
CONTROL .41

LI Report, 19713, vol. U



CLASSIFICATION OF THE INSTRUCTIONAL USES OF THE COMPUTER

e e i e et 5 e i o e+ i e

LPI

AS A LABORATORY TOOL

—~ ELECTRONIC EQUIPMENT
CALCULATOR

AUTOMATON

SIMULATOR

— RESEARCH ANO DEVELOPMENT TOOL

1

1

AS AN INSTRUCTIONAL MANAGEMENT TOOL

~— INFURMATION BANK
== TESTING AlQ

e  ANSWER PROCESSING

®  TEST GENERATION

e INDIVIDUALIZEOD TESTING
— CONMPUTER MANAGED INSTRUCTION

AS A TEACHING INSTRUMENT
—~ ODRILL AND PRACTICE

— TUTORIAL
-~ DIALOGUE
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CHAPTER 3
THE COMPUTER

AS AN RIS T v s GRe Tr
3.0 Introduction
3.0.1 Presentation of the context

e e o v e e W e o e = e e A = e e - am

There 1s a relatively new trend in education(especially
In North America), that of conceiving the solutions to educa-
tional problems comprehensively; the various elements (components
or functions) of the system (transmission and control of knowledge,
pertformance of the individual and the system, and so forth) are

interrelated. The term syaiom Lpprogcth is often used. *

The problems encountered in ceducation are considered
to be global. Information nceds are considerable from the
point of view of the student (the information explosion), and
the teacher as well as the administratcr whose decisions affect

the whole of the educational system. The instructional

* A good detfinition of the System Apprcach in education'has
been given by the Department of Audio-Visual Instruct:ion
Commission (U.S.)

o

An integrated programmed complex of instructional
modia, machinery, and personncl whose components are Structurgd:
as o osingle unit with o schedule of time and scequential phasing.
I'ts purposce ts Lo insure that the compunents ot the organic
whole will be avarlable with the proper characteristics at the
proper time to contribute to the total system, and in doing

oy Tuitall o the rrals which have beoon established”

21y, 1. 614

LYl Poport, 1973, vol, 1
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social and economic* implications of these decisions emphasize
even further the importance of having access to comprehensive
data concerning the state ot the whole system at a given
moment and the effects of changes introduced into the

system. Such general concerns are also found at the level

of the individual and hi§ activity within the system when

he must make decisions concerning his vocational and

academlic carecr,and even in the details of his choice of

educational objectives, learning activities, etc.

In such a context, the role of the persons involved
in the whole educational system (students, professional and
teaching personnel, administrators, and so on) is one of
woovie oot OF educational resources. Concerning the role
of the teacher, for instance, P. David Mitchell of Sir George

Williams University wrote:

"Recent educational technology research and
practice has emphasized not only the institu-
tionalized replacement of some instructional
functions of the teacher by other means and
modes of instruction but also the changing
nature of the teacher's role toward that

of manayecr of the educational process". (47), p.223.

* In industrialized countries, one third of the budget
is devoted to education,

LPI Report, 1973, vol. 1
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ror the past few years, the system approach in
education and the notion of instructional management have
been a center of growing interest on the part of theoreticians
and practicians in education. In 1970, for instance, Fducation-
X el o2 published seven articles with titles containing
the word "Management"; in 1971 this figure rose to 22. Since
June 1972, this review has had the subtitle, "The Magazine for
Visige o of Change in Education". Today it would be difficult
Lo consult o magazine in the educational field without encounter-

ing a suggested model for an instructional management system.

Although the details may vary, these models have a

certain number of characteristics in common, in particular:

(a) Any definition of the system proceeds from
a strict definition of the #ve¢ /s the system endeavors to meet.
These »eo i may be expressed in terms of protblome to be solved
Oor obfost luoe te b reterne ., Needs are defined by analyzing
the o sont situation and describing the desired situation.
The difference between these twe #taf<e constitutes a definition

of{ the nceds or outlines the changes to be brought about.

(b) The system approach requires a definition of
stews in the development of the proposed system. Each step
consists of operations to be carried out and controls
for determining the efficicency of these operations during

the developrment of the system or once it is set up.

Q
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() e T e o models all provide
for numerous mochanisms making it possible at various stages
to feed the data provided by assessment back into the system.
With feedback the system can be dynamically adapted to the

changing conditicns of the environment.,

(d) Finally, ease in transferring information fron
one component of the system to another is an essential element

in any instructional management system model.

3.0.2 Didactic_elements_in_instructional management

e o e - R v A e e e g G A e M e S G e G e e e B e e o WP M Gk e S e Sm . am PSR} = S

The main characteristics of the {nstructional
miinrgen.oe s models which are set forth above have direct

equivalents on the instructional level:

(a) The formulation of instructional objectives

corresponds to the initial definition of needs.

(b) The definition of steps.in student activity
in reaching his goals and the determination of his progress
in a course* correspond with the definition of steps in
developing the system. Testiling what the student has learned
corresponds to the control operations. This assessment 1is
made by checking whether the proposed objectives have been

reached.

* In this context course shculd be interpreted as any
instructional seqguence almed at rcachiing objectives.

LPI Report, 1973, vol. 1
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{c)y The Jlagnoo’s resulting from the assessment
corresponds to the feedback., Depending on hiz results,
the student is offered a selection of activities allowing him
either to reach the objectives he has not attained, or

to  advance toward new objectives.,

(d} t¢tinally, ease in transfer of information
corvesponds to additional means offered the student to enable
him to understand the objectives set for him or available to
him,know the results of the various tests or exercises,
inmediately or fairly guickly, and the range of learning
activities he can embark on to attain his objectives, and

so fortin,

In the field of «.oirweticnal management the computer
has proved a usceful tool thanks to its considerable memory
capacity and its data-processing speed. In the following pages
we describe three main types of computer use which have developed
considerably, especially in the United States:

- Iwioeerzefos §ocsle make data available concerning the
“wsw.o /0 to be transmitted, places where it may be found,
the media used in transmitting it and so forth, Generally
speaking they play a role in facilitating the transfer of
informatiorn among the various elements in the educational

systom.

O
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S

- Use of the computer in testing facilitates making up
and correcting tests and exercises used by the teacher
or directly by the student. This typc of use itself
combines three different applications which we shall

define when presenting this use.

- Jompurorevoanrged Inatrustlon makes use of technical
and instructional resources set up when the two preceding
types of applications are used to enable the teacher
and student, in class or alone, to proceed systematically
in thelr teaching or learning activities all within the

program of individualized instruction.

3.1 Dafoemasdon Banke

3.1.1 Presentation

Here we are concerned with applications in which
the computer is used to store or retrieve information. This
information may be extremely diverse in nature, and the user
of the " /.. 2" ‘1. may be either the teacher or the

student himself.

This application is also known as Information Storage

and Retrieval, or simply Information Retrieval.

(i) Since 1970, NASA has been operating a scientific
information bank {(experiment reports) at Park College in

Marylond.  This system cnables the user to define his needs by

LPI Report, 1973, vol. 1
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3.1.2 ...

typing a few simple orders (keywords or codes). Using these
words the computer analyzes the request and presents the
Citations corresponding to each code or each keyword used in

the request. Then the user selects the citation he is interested
in and the computer provides him with the sequence number. This
number will make it possible for the user to find the correspond-

ing microfiche, consult it or obtain a copy. (14}

(1i) The use of the !n crwiilicon bank finds its natural
application in guidance. At the University of Pennsylvania,
for example, students can consult the computer to obtain
information on the professions which interest them. Information
may concern the salaries, duties, academic prercquisites, and

the like, connected ~ith the various professions. (33, p.22)

(iii) At the Massachusetts Institute of Technology
(MJ.I.T.) an . congtd o o2 System has keen developed for the
students. This system allows students to obtain information
in physics, in real or deferred time. The student may carry
out his research using keywords or a quotation index;
he may also obtain information by specifying the name of an
author, the title of a book or article, wherc an experiment

tecok place, or a combination of these data. (33, p.22)

3.1.3 Instructional aspects

o  — — . o R G % S e

It has become a commonplace to speak of the explosion

of knowledye or of the information cxpleosion. This explosion

LPI Report, 1973, vol. I
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invalves not only the whole of the available knowledge which
can be inparted, but also information concerning places

whoroe tinls knowledie is stored, techniques which will make its
brans.ilssion wvasicer, mothods of assessing the efficliency of

Lrans:igsion, and so forth.

Instructional usc ol ¢ opr s [ ule is intended
to tacilitate sathering, retention and location of this in-
formation, [(he lirst three cxamples gquoted above showed
conputar-nanaced o oer s o Danre, intended for students.
The computer becomes a tool for retreiving the information
to be learned. vhis type of use leaves the student complete

froedon., 5

The sare systen of guestioning the nformation Lanks
may also be used by thoe teacher to locate information on the
course content, here are also numerous examples of using
computer-managed data banks to make more efficient clerical
rasks carried out by the teacher. For example, "Instructional
Obijectives ifxchanges" in Los Angeles 1s in the process of
setting up an cducational objectives bank to enable teachers
in every discipline to find without difficulty instructional
objeoctives they may use directly or which will help them
formulate their own instructional objectives. This bank 1is
hot yet computerized altnough its creators expect it will
cventually be aatomatic {55).

Aanother example of the assistance w oovmat fos Fuonkae
panagenent may offer the teacher, is the CTSS* system which
anany other things makes it possible to produce lists of ‘
quostions in accordance with the teachers' specifications {43).

¥ Classroon Teachers Sunport System, developed hy the Los

Aangoeles City dnifiea 3chool District and 1B,

wPl Feoport, 1975, vol. |
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The teacher can quickly make up his questionnaires for

exercises and tests using these lists,

More generally, and in the sense indicated in the
introduction to this chapter, the computer is used as a
center and a communications medium for all the data required
by the various participants in the school system and all

the information generated by the system during its operations.

3.1.4 Another example: UDEANS

——— . A A - - ——— -

A typical example of the instructional use of
“ootaee e 0w S is the UDEANS system developed for the

“College of Social Science at Michigan University" (73).

The UDEANS system was developed from a model of
communication and instructional resource management in higher
education. In their article John F., Vinsonhaler, Daniel

Millin and Gerald M. Gillmore first present the model then

explain the information system to which it gave rise.

The model considers a school as a simple informa-
tion system involving communication and decision making
within three distinct groups of individuals: '/, . corriund b

', (the gyroup providing the basic educational support),
the o0+ " (the group offering basic educational services:
administrators and teachers) and the »:y./~uts (the group
using these services). The model(cf figure 8) assumes that

the persons i1nvolved in the school system are engaged in

L

o)

-
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three basic types of management activities:

instructional design (the selection of educational
objectives) ;

instructional development (the preparation of an
educational program to achieve the objectives);
resource allocation (the allocation of available
financial, human and instructional resources among

the various programs of study).

This model has given rise to an information system

(cf I'igure 9) in which the main components are:

LPI

a computer

a series of programs making it possible to process
files

data concerning the curriculum (educational objectives,
programs of study, available resources and the like

as well as the persons invelved in tine educational

csystem (students and faculty)

Report, 1973, vol. 1
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SYMBOLS

Denotes management decisions:
design, development and atlotation

Oenotes cammumcation for management decisions:
exchange of management information and educational abjectives

Oenotes the results of decision making:
the school budget, curriculum and program of study

68

Frg. 8 Anuntarmation system model for communication and resource management mn higher education (13, p. 33}
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It is quite evident that the instructional
character of the application is determined by the third
component, that is, the content of the data processed
by the system. As for the first two components, they
are to be found in any information system used for

administrative or commercial purposes.

The files (or information banks*) processed by

the system contain information concerning:

- faculty and students: information of a biographical
nature or regarding interest in subjects related to
the curriculum;

- programs of study (identification of courses:
numper, name,.cost, equipment required, educational

objectives, and so forth).

The informative system generates various
reports;

- the educational interest inventory of the students and faculty.
The same course may for instance have been considered
of very little interest by the students (2.8 on a one
to five scale) and very important by the faculty
(4.2 out of 5).

- a faculty resource allocation inventory. This
report shows the number of ctudents each faculty
member is advising,the number of committees on which

he serves, or the number of courses he gives.

* In this text these two tcerms may be considered
synonymous.,

LP1I Report, 1973, vol. I
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- a quide for each student. This guide allows a student to see
whether he meets the academic requirements of the courses in
which he iu enrolled, to know which courses are available to

him in the order of his interests, and so on.

Such a system makes it pcssible to gather, process
and transmit information useful to students, teachers and admi-

nistrators in planning their respective activities.

3.1.5  Technical aspects

The preparation necessary for using the computer €for
information management, entails in particular gathering, analyz-
ing, structuring and classifying the data to be stored and
retrieved. Setting up processing programs (the data processing
work in the strict sense of the word), is not the most complicated
phase in developing these systems. Keeping the files up-to-date

is an extremely time-consuming operation.

In the area of equipment, there are generally three

types of facilities.

(i) Batch processing with manual transportation of the
requests and answers. In this instance the user does not have
a terminal at his disposal. He must forward his requests to
a processing center by mail or by internal courier. He receives

the response in the same way.

(ii) On-the-spot batch processing. In this case the user

has a terminal at his disposal (generally a card reader or printer.

LPI Report, 1973, vol. 1
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(iii1) Real-time processing. The user has access to
a conversational system thanks to a an interactive terminal

(generally typewriter-like}.

In most cases, when the application is designed for
students, data is_processed in real time by means of individual

terminals.

In the case of use intended for the faculty, (i) and
(ii) are used. In the first case, obviously, the time lapse
between the request for information and the response is considerably
greater than in the second. CTSS, for example, is prescntly
using the first type of system (this is an economic, not a technical
restriction, since the number of terminals is thus reduced to a
minimum.) A teacher may wait three days after making his request
before receiving a questionnaire. 1If he had a card reader in his

school, he would probably obtain his questionnaire the same day.

3.1.6 Experiment_results

— - — o~ e ma e

There are almost no examples of research on the instruc~
tional efficiency of using the computer for infovimation bank
management.,

Stanford University has attempted an experiment to measure
the attitudes of people using automatic information systems. The
users had at their disposal four main controls enabling them to either
select an item of information or combine several items, to have
them displayed on a cathode ray screen and even to have them printed.
Nine people took part in the experiment. A rccorded interview

resulted in the following appreciations:

LPI Report, 1973, vol. 1
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- the system's speed saves the user time,

- the fact that data can be combined is an interesting
characteristic,

- a considerable amount of time, however, is required to
master the system's commands.

A later experiment with 19 users confirmed these appre-

ciations.

Finally let us note that, generally speaking, an Znforma-
tion bank Makes the same amount of data and the same content
available to anyone who has access to it and at any time.

LPI Report, 1973, vol. 1
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In individualized inétruction, testing plays a central
1role involving both the student whose progress must be checked
and the overall system which must be modified in accordance with
the results obtained.

Applications of the computer listed under the heading
tooringy zid make the tools to facilitate this testing available
to the teacher and the student.

In our classification, we have distinguished between

three very widespread types of applications:

- amnsgwer processing. The computer is used to correct, compile
and analyze the results obtained in tests;

- test generation. In this case, the teacher (and occa-
gsionally the student) has access to a gquestionnaire bank
and to an answer processor. The questionnaires may
be used for testing students or as exercices.

= individualized testing. In this case the computer is used to
generate a questionnaire in which each question is chosen
on the basis of the student's previous results.

Q
ER&(:LPI Report, 1973, vol. 1
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3.2.11 Presentation

Here a series of programs arec used making it possible
to correct and compute the students' answers to a questionnaire
and put out results which the teacher can use in planning his

lessons.

3.2.1.2  Example*

The "Epic: Fast" Program [36] is a good example of the

possibilities for using this type of application.

"Epic: Fast" was intended for use in class by the teacher

who feeds the computer cards showing:

- his students' answers to one or more questionnaires;

- the correction grid for the questionnaires showing the proper
answer to each question;

~ the list of operations he wants performed on the data (that is,
printing out of results by student, number of students who
answered each question properly, correlation between the gques-
tions, and so forth). These options are made known to the

system through a series of cards supplied by the manufacturer.

The teacher may also have the computer process results

of tests already corrected manually, if he so wishes.

* Because of the relative simplicity of the application, only one
example is given.

LPI Report, 1973, vol. I
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With such data, "Epic: Fast" will perform the operations
desired and will print the results (as tables, curves, histograms) on

any of various forms as preferred by the teacher.

3.2.1.3 Instructional Aspects

o —— O~

daraver Frocessiny is a fairly common use of the computer
ancd, in the form described here, involves the teacher in his
everyday work. In fact, the correction of tests and questionnaires
is certainly one of the most tedious tasks required of the teacher.
These tests, however, frequently little more than an attempt to
take the class’'s pulse and to make possible an adaptation of the
teaching method,are necessary if the instruction is to be effec-
tive. Accordingly there has becen much research and system
developmnent to provide the teacher in the classroom situation
with tools making it possible to use computer resources for the

correction and statistical computation tests require. Two types

of instructional information can be provided by these programs:

- information concerning the ‘teaching method since the weaknesses
of a class in general, o articular groups or individuals can
be clearly discerned;

- information on the value of the tests themselves, since the
difficulty,the factor of discrimination, and so forth, of

each question can be analyzed as can the test as a whole.

Such programs can obvinusly also become powerful
tools in educational research.

e . —— - -

As far as the processing method and the hardware generally

a LPI  Report, 1973, vol. I
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3.2.1.4 ...

used for unswer prooccociny are concerned, the very nature of the
application explains the present use of katch processing and

rapid terminals for input/output (card reader and printer).

The statistical programs incorporated with these
packages employ techniques which have long been used in
traditional statistics and represent no particular difficulty

as regards programming.

However, with regard to answer analysis, no system
of this type correct other than multiple choice type answers
(the true or false type being one special kind of multiple choice).
A few programs (rare) will accept numerical answers. .There are
two main reasons for universal use of multiple choice, which is

restrictive from an educational point of view:

- difficulty in correcting open-ecnd questions;
- the necessity (to save time and equipment) of using the card

and the optical reader (visual scanner) to record the answers.

»

3.2.1.5 Experiment_results

Use of the computer for auswer proccasing 1is a technical
application. Experiments involving the development of this
application are generally conducted without the help of the
computer. Their purpose is to show the possibility of analyzing
open-end answers, the superiority of using answers based on multiple

choice questions as regards accuracy of measurement, and so on.

LPI Report, 1973, vol. I
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The interest, for the teacher, of programs for
correcting answers, computing and statistically processing rcsults
is obvious, and has not been subject to any research as such.
This type of use is associated particularly with the application
of test generation and individuilized tes-ing, and, from the
viewpcint of the actual analysis of the answer, instruction

through J7alogue.

3.2.2 Test generation

3.2.2.1 Presentation

- g - — . - —

In this case the computer is used to put out and correct

previously determined series of questions.

3.2.2.2 Examples

(i) At the Ecole Polytechnique in Montreal a test generation
system has been set up to allow teachers to obtain at any time
questionnaires, for a particular test and for one or more students,
which differ in form (for example in the choices given) but test
the same behavior .,

The system enables the teacher to introduce his ques-
tionnaires on a file, retrieve them as needed, have the answers
which the students give on cards corrected and the results of the
questionnaires printed. Obviously, the questionnaires prepared
by the various teachers can be used by any member of the faculty.

]
All the questions (even those requiring a numerical answer)
"are multiple choice [40] .

Q
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(1i1) During the 1971-72 school year, Mr. Gérard belord
experimented with a type of computer testing at the Académie Saint-
Louis in Québec City. Questionnaires related to the objectives of
a physics course were stored in a file. The students were
questioned and replied with the ITF conversational system. All
the questionnaires comprised the same questions. The conver-
sational system permitted the use not only of multiple choice
questions but also of questions requiring numerical answers.
Moreover, after ecach reply, the students at once received

a comment to confirm their success or show their mistake.[iéq

3.2.2.3 Instructional_aspects

e . ———— - - ———

A test is not a list of questions selected at
random from the whole range of questions dealing with the same
subject. A questionnaire (for testing purposes) is a planned
set of questions to check whether known objectives have been
attained (the objectives of a particular area of instruction).
In the first example we gave, the %eacher could specify the
specific subject on which he wanted the questionnaire, and
the degree of difficulty of the questions. The level of the

objectives measured could be another variable.

Questionnaires are generally produced and corrected

in two different ways depending on the eventual use.

- Many systems have been devised to lighten the teacher's task
by making available to him prepared question sheets which
are corrected automatically, with the results presented in a
form that qpay be used directly to quide ins;ructign(cf. first

§
t 3

example};

N Nty
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- Othoey systems make it possible for the student to be tested
directly by the computer. Generally this type of testing
allows a type of corrective instruction through the immediate

comments the student can receive (c¢f. second example).

Obviously, the questionnaires produced may also be

used as exercises for the students,

3.2.2.4 Technical aspects

Test generation technically speaking is
merely a special use of the question bank, combined with a
possibility for processing the students' answers. The technical
aspects described for these two uses (3.1.5 and 3.2.1.4) are
applicable here.

The use of a conversational system for test
generation, however, permits considerable flexibility as to the
availability of questionnaires and the use of open-end
questions or even questions made up by the students. It also
makes immediate feedback possible.

3.2.2.5 Relationships_with_other_applications.

- — - — - — - - - - . - — - — —. - —— -

We discussed the management of question banks in
presenting the information bank application. In this application,
the user may request questions with certain specifications. However,
the information he receives does not strictly speaking constitute
¢ a questionnaire, but a simple list of guestions which he can subsequently
¢ : .

{ ! +

o :
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3.2.2.5 ...

use. The CTSS* system is a question bank management system.
However it can be used for test generation. With the questions
provided by the system the teacher, in fact, may make up one or
more gquestionnaires which will be preserved as such by the com-
puter. From the first list of questions generated by the com-
puter the teacher can eliminate some, add his own questions

and so forth. He then sends his selections to the computer.
The particular questionnaire thus established and stored in
file may be reproduced as often as required. It 1is easily seen
that the teacher uses the computer to consult a question bank,

from which he »btains information of interest to him.

Applications which allow test generation on the
other hand give the teacher a finished product {(gquestionnaire)

which can be used immediately to test an individual or a group.
3.2.3 ndividualized testing

3.2.3.1 Presentation

———— e . -

In this case each question is selected for the test

on the basis of the students previous results,

This use is often called "Computer-Assisted Testing"
CAT or "Computer Based Testing".'

3.2.3.2 Example

gichard L. Ferguson ,df the Learning Research and
} } $

* Classroom Teachers Supﬂogt System described briefly in 3.1.3.

.

A

O
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(99
[§®]
w
N

Development Center (LRDC) of the University of Pittsburgh
presents an application of individualized testing in an
article published in Fducation (23). The subject of the
test was primary level arithmetic.

Once the educational objectives for the course
in question were determined they were classified in a

hierarchy indicating prerequisites,

In FPigure 10, objectives 1, 4 and 7 are
prerequisites - for objective 10, Likewise if objective
10 is not mastered, it may be concluded that neither are
objectives 12,13,14,16 and 17. 1In this example, objectives
6,17 and 18 are terminal, that 1is they are not prerequi-
sites for any other objective.

~

Q :
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Fig. 10 - Example of objectives hierarchy

for tndividualized testing.(23)

. -t
2 : fr
1,?
;.

e['/,
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3.2.3.2

As soon as such an objective hierarchy is
considered valid, it is no longer necessary to assess
whether each individual objective is reached. Questions
are produced at random and, depending on the student's
answer, another position may be chosen in the hierarchy
to test certain prerequisites for this objective.
Success or failure in certain objectives may be assumed
without necessarily testing them. The system includes
the following components.

- the generation of test items from a question bank,

- a program making it possible to decide whether an

objective has been reached (by probability analysis)
- a program making it possible to take another position

in the hierarchy (by branching) to avoid having to

test each objectiv:.

ERIC LPI Report, 1973, vol. I
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The student answers the questionnaire at an indi-
vidual terminal. Every student answers a different person-
alized questionnaire. This testing technique has made it
possible to reduce considerably the duration of a conventional

test and the number of questions asked. *

3.2.3.3. Instructional aspects

—— - e e e - . —— - —

In a form of instruction with increasing individual-
jization of educational resources, testing assumes an ever-growing
role. It produces the data necessary for the decisions which
must be made by teachers, students and personnel concerned with

programs and preparation.

This is why in programmed learning with prepared texts
and, as we shall soon see, in computer-managed or tutorial
learning, tests are frequent and exacting, and require a consid-
erable percentage of the student's time. These successive and

continual tests often tend to slow down the progress of a course.

The use of a computer in individualized testing
makes it possible to reduce the duration of tests and generate
them on an individual basis while preserving the accurate mea-

surement of traditional testing.

* R.L. Ferguson's experiment is written up in repoirt no. 8,
section 3.5.

N g
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3.2.3.4 Technical aspects

o - -

P

Dt o ldwr!ised testing as presented here reguires
the use of a conversational language and an interactive ter-

minal. .

The information components of such a system are
approximately the same as those of the test generation system:
a question bank, test generation programs, answer processing
and computational programs. It should however be noted that
the use of & conversational language and interactive terminals
facilitates the use of composed answers (as opposed to simple
multiple choice). This additional feature although making
the application more complex permits its use in fields where

multiple choice restricts the scope of the tests.

3.2.3.5 Experiment results

e o e e . e —— -

Achievements in individualized testing® bring cut

unequivocally the following two aspects of the application:

- 1t allows a considerable decrease in the length of tests.

- it 1s a reliable technique for testing, that is, the
results obtained by students on an individualized test
are comparable with their results on a traditional test

with up to twice as many questions.

The computer plays a central role in individualized

o

tecsting demonstrating ;pg{interest of the interactive systems
without which this application would be of little use.

* Reports 6,7 and 8- /

I3
V
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There are numerous advantages generally recognized in this

Lype of arplication:

- The student receives his results at once.
- The length of the tests is decreased by a third, sometimes
even by half.
- The student is questioned according to his previous results;
this avoids repeated failures due to tests too advanced
for him. On the other hand the better student does not have
. to waste his time on questions which are too easy.
- The computer stores the results obtained in its memory,
processes them and can then producé data enabling the
teacher or student to make decisions concerning his

activities.

3.3 Computer Managed Instruction

#

3.3.2 Presentation

— . - - - —

In this case the computer is used to manage all the
resources at the student's disposal and guide his progress
towards the objectives he is pursuing. In some cases the teacher
uses the computerized data and is responsible for management,

in others, the computer itself performs this job.

In this application, the computer is used to process
instructional data (objectives, tests, teaching material,

performance, and so on). It may:

/ ‘ . '
.
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3.3.1 v

- manage obljective banks;

- generate and correct gquestionnaires;

- keep track of a student in a course by memorizing his
performance or the p int he has reached in the course;

- diagnose the student's past activities or suggest new
activities which will enable hLim either to advance in
his course {or program of studies), or resume activities

in which he has not yet reach2d his objectives.

Today there are two main methods which can be dis-
tinguished in designing computer-managed instruction systems.
In the first case the computer is used to furnish the
teacher with the necessary information for effective management
of student activity in individualized group instruction. 1In
the second, the student comes into direct contact with the
computer. The latter gives him tests, corrects them and sets
the task he should undertake.

3.3.2 Example One

- - e - —

A well known system in this field is the Westinghouse
Learning Corporation's PLAN* system. PLAN is an example of a
computer-marnaged ‘nstruction system made available to the
teachers in the traditional classrocm setting.

* Program for Learning in Accordance with Needs.

Q. LPI Report, 1973, vol. I
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(a) The Computer's role

In PLAN, the student does not come into direct contact
with the computer. The only contact he has is by nmeans of
cards which he must fill out periodically.

The computer is a tool to be used by the teacher.
William M. Shanner explains the computer's role as follows:

"The Computer becomes an informational system which
records the student's learning and academic history
and his program of studies, scores the tcsts and
examinations, and furnishes on a retrieval basis
this information back to the teacher. 1In other
words, the computer is concerned with the non-
instructional or managerial aspects of the program"

[62, p.1].

{v) Instructional material and the individualization
of instruction

In PLAN, the student learns through programmed texts,
audio-visual material and inc¢ividual or group activities which
may be directed by the teacher or not. At the end of c¢ach
day, the student must indicate (by filling out a card) the
point he has reached in his program activities. Every
morning, the teacher receives from the computer a complete
report on each person in his class, as well as information
pertaining to the activities planned;for the day, cascs where
certain students would require special attention, the results
of tests taken by some students the day before and so forth.

The computer's cierical work thus makes it possible for the

LPI Report, 1973, vol. I
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3.3.2 ces
teacher to direct each student individually.

The instructional material used was not designed
specially by or for PLAN. Greater attention is paid to the

use of the already existing material.

The basic instructional unit in the PLAN project
is the TLU ("Teaching-Learning Unit"). A program of studies
for a particular student consists of a number of these TLU's.
A certain number of instructional objectives, activities to
enable the student to reach these objectives, and tests to
measure whether the specified objectives have been reached,
are associated with each of these TLU's. It generally takes
a student two or three weeks to coiplete a TLU. A great deal
of latitude is allowed the student in choosing in what order
he will perform the various tasks associated with a TLU.
At the high school level, there is even an attempt to allow
the students themselves to plan their choice of objectivus
and activities.

The PLAN system has been commercialized in the United
States. Its use is now concentrated at the elementary level
although its promoters intend to extend it to the secordary
level.

3.3.3 Example two

— e b . o - ——

Whereas in PLAN, the computer is a tool in the hands
of the teacher, in another experiment, at the University of
Florida, E? lit was decided to place the student in direct

LPI Report, 1973, vol. I
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contact with the computer. 1In this experiment, the type of

computer use is described as follows:

"It assumes that a student will achieve his
maximum performance level by interacting
directly with the computer in order to
evaluate his learning experience, i.e. the
computer should play the role of real-time
diagnostician and prescriber for the
student, as well as a master record
keeper for the entire student population
in a particular instructional program"
(17, 2.33}).

The project promoters wished to individualize the
course on programmed instruction techniques, aliready offered
by ‘the University as a lecture course. The main steps in

setting up a course using computer-maraged instruction wWere:

- analysis of the problem: the question was to determine

whether the project was economically and pedagogically
worthwhile;

~ analysis of tasks; 1t was necessary to determine the
tasks which students should be able to rnerform at the end
of the course;
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= determination of prerequisites;

= formulaticn of Instructional objectives: at least one .- ..
and at the most three objectives were definéd for each
task or subtask;

~  drawing up the test questions. fifteen items were
written for each objective;

- planning the course: this involved determining the

sequence in which objectives would be pursued;

- chotce of media: selection of media (texts, articles,
slides, films, tapes) depended on instructional material

already in existence.

The course itself 1is set up as follows: the organiza-
tion of the course is explained to the student during the
first period.* This 1s the only formal lecture in the course.
Students then go to the audio~visual or computer center when
ever they wish to study or be tested. When a student has
finished studying a task in the course, he answers a five-
question test at the terminal. Depending on the results, the
computer recommends that he goes on to anotherx task or review the

* It should be noted that in this case the application is
used within a traditional university time-table.

k]
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3.3.3

material involved in the task for which he has just been
tested. Thus the student progresses at his own pace and
‘can organize his own time-table.**

3.3.4 Instructional aspects

G o e S e R e Y S -y - i B o -

In a context of individualized instruction as prac-
tised or advocated at all levels of education today*,
"a typical teacher who might be responsible for 50 or more
students in at least two different courses, with 30 teaching-
learning units per course, has no fewer than 3,000 media
assignments to make " (72). These should be based on the
academic background of each particular student, his apti-
tudes, tastes, learning pace and so forth. Aas a further
complication, in such a context the students do not pursue

the same objectives at the same time.

There are several computer-managed instruction

systems of the PLAN type. Many experiments have also been

**  PFor the costs of setting up the system, as well as a
comparison between these costs and those incurred for
lectures in the same course, the reader may refer to
Volume II, Page 46.

* The reader has merely to refer to the idea behind
Regulation No 1 respecting primary and secondary levels
‘and to pilot experiments such as that of the CEGEP
Montmorency on the ~ollege level.
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tried in computer-managed instruction systems like

the one described in the second example mentioned above.

In spite of the marked differences between the two systems,
the techniques used in developing them show great resem-
blances.

When describing the Florida State experiment, we
listed the steps in the development of a course using
computer-managed instructionA, According to William M,
Shanner, the main instructional features of the PLAN

system are as follows:

- a series of specific instructional objectives defining
the tasks that the student will be able to perform
at the end of his study;

- a series of learning activities by means of which the

student will be able to accomplish assigned objectiveé;
kX

- programs to test whether the student has reached
the objectives. The questions or activities required
of the student as tests are directly related to the
instructional objectives, so that a test does not
attempt to assess whether a particular part of the
instructional material has been learned but whether

the specified objectives have been attained.
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This information is contained in banks (objective
banks, reference banks, question banks) and the existing
relations between these data might be représented as

follows:
PROCESSING
PROGRAMS
\\
OBJECTIVE REFSRENCE QUESTION
BANK ] BANK BANK
| |
| | | | | :
| 01 <——- 4 > Ry A f— i Oy |
| | [ | |
| I A ! I a !
1 = | { = | i = =
| On ' ! ) ' | an
| i '
| | ! | |
! i | 1 I I
b e o | I, - b e N

Fig. 11 Relationship between data contained in the various banks of & computer-managed instruction systam.
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3.3.4 “es

It should be noted that several documents or
types of activities may conceivably lead to a particular
objective. Likewise a number of questions can-be
used to determine whether the same objective has been
reached, 1In Figure 11, the letter "R" (references)
is used to designate all the references to any teaching
material which rakes it possible to reach the corres-
ponding objective [O]. The letter Q@ (questions) is
used to designate all questions.with which it is possible
to test whether the corresponding objective has been

attained.

The computer system strictly speaking, includes
only the elements identified in Figure 11 as processing
programs. The data on instructional resources consol-
idated in the various information banks may exist and
in many ~ases do exist by themselva24. In PLAN, for
instance, the project promoters insisted on the fact that

the system used material available on the market.

In.Figure 12 may be seen an illustration of a

complete computer-managed instruction system. In this

.LPI Report, 1973, vel. I
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3.3.4 ‘e

illustration, components (a), (b) and (c) of the system
correspond with the processing programs identified in
Figure 1ll. These programs are used to manage the
information banks on the system's instructional resources
(objectives, references, questions), as well as the bank
containing the academic status of students (point recached
in 1ts program, tests results, and the like). Figure 13
illustrates the steps in student use of the system (by
himself or through his teacher). This illustration should

be interpreted in relation to Figure 12.

1t should be ‘noted that the processing programs
{(in particular (b) and (c)) comprised in the system have
already been studied in the presentation of the following

applications:

- information banks (3.1)
- answer processing (3.2.1),

- test generation (3.2.2) S

Computer-managed instruction systems may be de-
veloped and set up in successive stages in which the iden-
tification and preparation of instructional and computer
resources is carried out progressively. It is thus possible
to effect assessments and req;§}8ns leading to quality and

effectiveness in the overall system.

The existence or lack of validated tests and ob-
jectives and the availability of instructional material at
the moment of setting up computer-managed instruction

system will affect its cost and effectiveness.

EMC LP1 Report, 1973, vol. I
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STUDENT'S TESTY STUDENT
STATUS AREQUEST ANSWERS
t
|
|
|
|
Y
PRINCIPAL a
PROGRAM
—_
G e
CORRECTION GENERATION
ANSWERS P TEST —— ey
E |
. - i
|
OBJECTIVE
REFERENCE RESULTS QUESTION
BANK BANK

®

| S -
A
([ LEGEND ]
C] Mark sensing or perforated card used to put
data into the system
[ Printed paper used to receive data fram system
@ Processing program
— File or bank
_ »
Fig. 12 1Illustration of components of a computer-
managed-instruction system of the plan type
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I STUDENT'S ) STUDENT TEST
STATUS @ il WORKS d REQUEST | > @ I

STUDENT'S STUDENT
e — e e s e
() ANSWERS @ WORKS »
-

( LEGEND ﬁ

Cards used to put data into the system
Student’s individual work

List of objectives and references to instructional
material (CF. figure 12}

List of questions to test mastery of objectives (C. figure 12)

Student's results (CF. figure 12}

EEREh

Fig. 13: llusteation of the steps in using a computer-managed instruction system.
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3.5.5 Technical _aspects

—— e M o - -

Most computer-managed instruction systems now
in operation or commercialized in the United States are

PLAN type systems for indivualized instruction in groups.

These systems use remote batch processing. The
fact that the computer's work is done outside normal class
hours (in the evening or at night) makes it possible to
use the computer at off peak periods. This feature reduceé
the costs involved in using the computer. Generally
speaking a card reader and printer or a typewriter-like
terminal is used. The use of computer-managed Instruc-
tion in a classroom requires only one terminal
(card reader-printer) for a large number of students,

In applications where the student is in direct
contact with the computer (individual cowputer;managed
instruetion) a conversational system and a typewriter -
like terminal, are generally used for testing. The
advantage in using this type of terminal* is that it
enables the student to keep a record on paper of his
interactions with the computer during his test. ile
also keeps a list of the reviews or new activities pres-

cribed by the computer.

* As opposed to the cathode screen terminal, for instance.

LPI Report, 1973, vol. I
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3.3.6  Experiment_results.

Although experiencing a rapid development, cowpit.r-
managed instruction systems have not given rise to a great
number of controlled experiments. There could be two reasons
for this situation:

- A relatively new application of the computer is involved
{1968-69 at the earliest),

- The complexity and extension of material and instructional

resources involved make any experiment long and arduous.

Experiment report no 9 relates an experiment attempted
at Florida State University. Although very limited, the expe-

riment produced encouraging results concerning computer-

managed instruction,

The largest computer-managed instruction Systems like
that of th: Westinghouse Learning Corporation (PLAN) require
considerable resources. Assessing the effectiveness of such
a project cannot be limited to measuring the pupil's aca- .
demic performance. The attitude of students and teachers
toward the system, the organizational changes arising from
its implementation in the school, its social and economic

impact must all be taken into account.

The PLAN project, for instance, is now being
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systematically assessed. The results of this study are not
yet available. However, previous studies [}4 65:]on the
classroom attltude of teachers and students involved in the
project, seem to indicate that their roles and types of acti-
vity changed considerably as compared with a traditional
situation. Thus, in accordance with the goals of the

PLAN project, the student spends more time planning his
work (studying objectives, establishing strategies, and so
forth), working by himself on individual material and
discussing with his peers. For the teacher, imparting
information is becoming less significant. For instance,

he spends more time analyzing his students behavior on the
basis of the data received from the computer, making diag-

noses and discussing with his students.

o LPI Report, 1973, vol. I
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3.4 Inetructional Management Too! =~ Conclusion

Because of the services they render the student,
the teacher, the administrator and the educational planner,
applications of the computer as an i{nstructiona! managerient
tool are very rapidly expanding, especially in the United
States.

In this field, however, as in the case of luboratory
tvel applications, developments in computer and educational
technology are more rapid than research on the systems they
produce. On the other hand, as a general rule, developments
in instructional management applications are more systematic
within a particular field, than in many other computer appli-
cations. They have inherent guarantees with regard to the
controls over the introduction of the resources necessary for
using the computer. There is a greater probability that
these systems be set up with a view to the human, educational
and economic restrictions of the context into which they are in-
troduced.

Although the use of the computer as an instructional
management tool 1is quite recent and accounts for only a
limited @roportion of the instructional applications of the
computer, considerable growth in this use is to be expected

over the coming years. This prediction is based mainly

LPI Report, 1973, vol. I
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3.4 SN

on the following considerations:

- the movement has already begun in the United States
where computer-marnaged instruction, in particular,

is increasingly popular;

- most of the applications discussed in this section
are easily introduced into the current educational
context without major upheavals in the school set

up and the selection of instructional resources;

-~ the present state of our knowledge on educational
and computer technology, as well as the availability
cf equipment would allow relatively inexpensive

.upplicationsﬁ{ﬁﬁ

Q LPI Report, 1973, vol. I
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3.5 Experiment reports
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REPORT NUMBER 5

INSTITUTION

CONCERNED : Académie St-Louis, Québec
USE : Test generation

LEVEL : Secondary IV

SUBJECT : 'Physics: Mechanics
REFERENCE : [15]

COMMENTS s

All the course subject material was
given with videotapes and written texts. The whole course
involved 11 lessons.

At the end of each lesson, the students
took a test at a terminal (TWX) hooked up with the SIMEQ

computer. The ITF system was used.

Multiple choice questions and numerical

questions were involved.
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RESULTS

Using the University of Pennsylvania test
the author found that:

81 percent of the pupils were satisfied with
the course;

56 percent thought that the method was
better than that used in traditional courses;

89 percent considered that this was an
effective way of using the student's time.

v LPI Report, 1973, vol. I
EMC p v '




REPORT NUMBER 6

INSTITUTION

CONCERNED : University of Pennsylvania
USE : Individualized testing
LEVEL : University

SUBJECT : Music

REFERENCE . [ 1]

COMMENTS |

Students were presented with four 20-
question tests:

1 to identify the missing notes in a musical excerpt;
1 to explain a change in rhythm;

1 to indicate the faults or improprieties of the performer's
interpretation;

1 to classify excerpts by historical period.

Every fourth question in the series was
presented to the student until the first error. The test
then went back three questions; the fcllowing questions
were presented one by one until the next error. The test
ended at that point.

Q LPI Report, 1973, vol. I
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The questions that were less difficult
than the question where the second error occurred were
considered successfully answered and the more difficult
questions were considered incorrectly answered.

RESULTS

.

_ The students required between 15 and
60 minutes to take the four tests on the computer.

By traditional methods 70 minutes were

required to take the four tests, not counting several
hours for correction.

LPI Report, 1973, vol. I
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REPORT NUMBER 7

INSTITUTION

'CONCERNED : University of Florida

USE : Individualized testing

LEVEL : University

SUBJECT : Techniques of programmed instruction
REFERENCE : [ ]

COMMENTS H

This was a course taken by 59 students.
The subject material was divided into a hierarchy of 20 tasks.
For each task:

- Five questions were selected at random from among 15, to
check whether the cognitive objectives had been reached,
the criterion for success being four correct answers.,

- A series of questions on a particular criterion made it

possible to test whether the productive objectives had
been reached.

) LPI Report, 1973, vol. I
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i
1

The students were divided into
four groups:

Group 1 : In this group the students proceeded through
the 20 tasks in an assigned sequence. The
behavior results and the test results were

assessed by course assistants,

Group II

In this group the students proceeded through
the 20 tasks in the assigned sequence, bhut,
after interactive dialogue with the computer
they themselves decided whether they had
succeeded or not before going on to the next
task.

Group III : In this group the students performed the
20 tasks in any order they wished. Their

results were assessed by a course assistant.

Group 1V In this group, too, there was free choice
of order. After interaction with the
computer, the students themselves decided

whether they had succeeded or failed.

1 ‘
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RESULTS

B After the first thirteen tasks the students
took an examination to check whether cognitive objectives had
been reached.

There was no significant difference among
the four groups in either marks (94.4/118 or 80%) or the
number of days required. (42) ‘

RESULTS OBTAINED AFTER THE FIRST 13 TASKS:

GROUP AVERAGE STANDARD DEVIATION

1 95.80 4.46
II 95.27 5.53
I1I 92.14 9.15
v 94.73 4.33

NUMBER OF DAYS TAKEN TO COMPLETE THE FIRST 13 TASKS

GROUP AVERAGE STANDARD DEVIATION
I 42.80 4.77
II ' 41.87 5.71
III 43.20 2.62
IV 42.64 4.85

Finally the results on an attitude test with
200 points varied between 95 and 172 with an average of 142 and
a standard deviation of 15. According to the authors, this
indicated a positive attitude toward the course.

LPI Report, 1973, vol. 1



O

REPORT NUMBER 8

INSTITUTION

CONCERNED : University of Pittsburgh
USE * Individualized testing
LEVEL : Elementary

SUBJECT : Mathematics

REFERENCE [ 23]

COMMENTS :

The experiment was based on an instruction
unit with 18 graded objectives. This unit was part of 80
which made up the mathematics program for grades one to six,
a total of 400 objectives.

Since the number of test questions for the
18 objectives could vary between 55 and several million, it was
neither practical nor efficient to test all the questions for
‘a particular objective. As a result, to test a candidate's
mastery of an objective, questions were generated until a
decision could be made with an arbitrarily-fixed risk of error.
Thus, if after "n" questions, the student's level could not
be determined, a new question was generated. The number of
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questions required to reach a decision for any objective

was a random variable depending in part on the candidate's
true proficiency in cbjective.

his student number and the date,

random number generation.

Sitting at the terminal the candidate typed

and this acted as a basis for

Then a question was presented to

him at random; depending on his answer and the rules in the

table reproduced below a new question was then asked.

DECISION PUPIL'S .
' FOR RESPONSE BRANCHING RULES
' 1 SKILL DATA {P) (NEXT SKILL TO BE TESTED)
HIGH .
P2 .93 Branch up to highest untested
skill
MASTERY
P>.85 LOW
Branch up to skill midway
.85¢P <.93 between this skill and
highest untested skill
HIGH
Branch down to skill wmidway
.43<Pp<.60 between this skill and lowest
NON-MASTERY untested skill
P < .60 LOW
Pg .43 Branch down to lowest untested

skill

Q
ERi(:LPI Report, 1973, vol. I
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.

This test was administered to a sample of
75 students from grades one to six in an experimental ele-
mentary school. On two different occasions cach student
was given the test at a terminal connected with an IBM 360/50
computer at the University of Pittsburgh.

Among the students tested, some already
knew the subject matter, others were studying it, and others
had not yet begun it. After completing the whole test at
the terminal, students were questioned in writing on all the
objectives which had not been tested at the terminal. There
was thus a measure of their proficiancy in each ohjective.

The results were used to:

- establish the validity of the hierarchy of objectives,

- study the validity of the branching decisions from one
objective to another,

- examine the reliability of the test, by the test~retest
method.

RESULTS

The hierarchy was found to b% valid,

:'4 Examination of 150 results showed that in 89% of the cases,

the computer-assisted test had accurately predicted the

cdndidates' proficiencies on objectives not tested by computer.
] Y

On the average 30.4 minutes were required
for the computer test the first time and 28.6 the second,
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instead of 75 minutes for a conventional test.

On the average, only 7.11 of the 18 objectives
were tested at the terminal the first time, and 6.99 the
second. The longest series tested 10 objectives, that is,

55 percent of the number required in a conventional test;
the shortest tested 5, that is, 28 percent of the number
necessary in a conventional test. Fifty different branching
routes were followed during the experiment, an illustration
of the flexibility of the s§stem.

On the average only 52 questions were
necessary instead of the 150 required by a conventional '

test (the minimum was 33).
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REPORT NUMBER 9

INSTITUTION

CONCERNED : University of Florida

USE : Computer-managed instruction
LEVEL : University

SUBJECT : Health sciences

REFERENCE : [ a]

COMMENTS

"The class consisted of 167 students.
41 acted as a control group and received traditional ins-
truction in class {(group A). The others were randomly

divided into thiee yroups (8,C,D).

For B,C and D, the course was divided
into 14 modules with a total of 32 objectives. Out of 15
questions five were selected at random to form a posttest
to check the mastery of each objective of a module. The

success criterion for a module was 80%.

In the first computer group {group B)
the student who did not master an objective was given
additional information and another test.

In the second computer group (group C)
the student who did not master an objective received additional

LPI Report, 1973, vol. I
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information only.

In the third computer group (grcup D)

the student received no additional information or test.

RESULTS :

, In the final test, the results of the
students who had used the computer (groups B,C,D,) were
better than those of group A. The authors attributed this
greater proficiency to knowledge of the objectives and
frequent tests.

Again in the final test, the first
computer group {(group B) succeeded hetter than the others.

No significant difference in the learning
time was recorded among the three groups using Ll computer
(B,C,D).

Group C spent less time at the terminal
and the difference as compared with group B and group D was
significant.

The students using the computer {groups

B,C,D) spent an average of 3.5 hours at the terminal. Control

group students (group A) spent 30 hours in class.
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-
F4 ASSIFICATION OF THE INSTRUCTIONAL USES OF THE COMPUTER

AS A LABORATORY TOOL
~ ELECTRONIC EQUIPMENT
= CALCULATOR
~— AUTOMATON
~ SI"ULATOR ‘
~ RESEARCH AND DEVELOPMENT TOOL

AS AN INSTRUCTIONAL MANAGEMENT TOOL
~ INFORMATION BANK
= TESTING AID
®  ANSWER PROCESSING
® TEST GENERATION
® INOIVIDUALIZED TESTING
~ COMITER-MANAGED INSTRUCTION

AS A TEACHING INSTRUMENT
— DRILL AND PRACTICE

— TUTORIAL
— DIALOGUE

ERIC
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CHAPTER 4
THE COMPUTER AS A
TEACHING LUSTRUMENT

The historians of programmed instruction trace
its origins back to antiquity. Without going quite that
far, it may be noted that in 1936 between 600 and 700
teaching machines had been patented in the United States
(29).

In the years immediately preceeding the intro-
duction of the coﬁputer in education, research in
educational psycholcgy and pedagogy led to the statement
of certain laws (the laws of reinforcement, the
law of transfert and so on) and the ability to measure
the effect of numerous factors on the learning process.
This research, along with the development during the
Second World War first of linear programmed learning
(skinner) and then of branching programmed training
(Crowder), showed that teaching could be automated to
some extent.

Finally, notable technical developments in tele-
communications and data processing between 1945 and 1960
(particularly miniaturized computers, increased computer
calculating power and time-sharing) led, in the sixties,
to the first efforts to use the computer for instructional
purposes. Quite naturally, first thoughts were of a super
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teaching machine which would greatly refine branching
programming. CAI or Computer-Assisted Instruction, the
generic term the Américans applied to the category,

scemed to offer a solution for a good number of teaching
proulems. It made it possible not only to adopt the pro-
gram* to the individual's learning rate, but also to grade
difficulties, choose information in terms of the student's

preceding results and so forcth\

From the very beginning of developments in this
field, two different types of .use were generally distin-
guished:

- "CAI-Tutorial" using the computer to store information
and supply it to the student on the basis of his
answers to test questions;

- "CAI-Drill and Practice" using the computer as tireless
tutor to ask the student questions, correcting his
answers and pose new questions until the desired mastery
is acquired.

* The word "program is used here in the same sense
as in programmed instruction,
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Today the instructional uses of the computer
are still generally interpreted as computer programmed
instruction ("the computer téaches") or computer
exercises. The preceding chapters showed that the
computer has numerous applications which are sometimes
completely different from those briefly described on
these peges. They were all developed after CAI, how~
ever, and several are the result of new technical
developments oi the difficulties met in endeavoring to
generalize CAI. This is the case, in particular, of
the introduction of computer-managed instruction where
the cowmputer's role is reduced to making evaluations
and suggestions. The use of computers is thus becoming
less exvensive and, from an instructional point of view,
less azriuous.

In our classification, CAI-type applicationg,
come under the heading "the computer as a teaching tnstru-

ment." There are three divisions within this application:

* The invention of conversational languages (after
1965), for instance, greatly stimulated the
development of laboratory tool type applications,
at least in schools.
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- drill and practice
- tutorial

- dialogue

The Americans sometimes include Simulation and
Information retrieval under the heading CAI, but, in
our opinion, these applications belong in different

categories.

O
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4.1 Drill and practice

4,1.1 Presentation

- oy .. —— - .

In this case, the computer is used to give
the student a large number of exercises to help him
acquire a particular skill.

4.1.2  Examples

(i) At the Ontario Institute for Studies in
Education (OISE), a system has been developed to enable
a student who has not mastered certain specific

o mathematical skills to practice them (49). The computer
evaluates the student using a technique explained
earlier in this text*. The questions on the
test are generated using a set procedure to which
random values are given. A program consisting of a
few instructions, can thus generate thousands of
different examples. If the student has not mastered
the skill, he is given a series of problems using the
same procedure. This time, however, he is told

whether his answer is correct. If it is not, the right

*  of tndividualized testing, section 3.2.3
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answer is supplied. This continues until the student's
performance in the skill under consideration is judged
satisfactory. Teaching through drill and practice
consists in repetitior giving the student automatic

responses and thus greater ease in learning.

(11} At the present time, the drill and
practice programs developed by Stanford University
under the direction of Patrick Suppes (67) are
undoubtedly among the most popular in the linited
States. These programs include all the topics
taught in elementary arithmetic and were already in
wide use in 1967-68. Their popularity has not
decreased.

Suppes' programs are extremely refined.
In 1967, the entire arithmetic course was divided
into "blocks". Each block covered a certain number
of concepts and was subdivided into seven lcssons.
The first and last lessons consisted of a pretest
and a posttest on the block. The five other lessons
had five levels of varying difficulty. A lesson

invoived from 16 to 20 questions.

Lesson: 1 . 2 3, 4 5 . 6 '’ !
' ‘. | ‘ ' | t
1 , , ' ' \ ,
\ . : ' ,
-{gvel V !
lgvel IV :
pretest&-- lejel III +-posttest’

N lepel 11

—level I

Fig. 14 Diagram of o Bilook
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The results obtained in the pretest determine
the level of the exercises given the student during his
first lesson (lesson 2). If the pupil gets less than”
20% on the pretest, for instance, the system will give
him level 1 exercises (easy) during the next session
(see Fig. 15). 1If the pupil obtains between 60% and
79%, he begins at level 4..

When giving the exercises, the system compiles
the results obtained by the pupil. These results are
used to choose the next level in the pupil's progress.

19% | 71%
5 pretest 32% posttest

S 708 | 81% 75%

S

2%3 82%

£ |t

2 |z

ol

Zla

Fig. 15 Typical progress within a block of drill and
practice lessons. The heavy lines indicate the
level of the lesson given the pupil.

If the pupil obtains less than 60% in the first
lesson, he is placed on a lower level in the next lesson.
On the other hand, if he answers at least 80% of the
questions correctly, he is guided towards a higher
level in the next lesson. The same process is repeated
until the end of the block.

Report, 1973, vol. I



4.1.2 ... 127

The posttest is used to determine whether the
pupil has attained the objectives set and to propose
instruction to help him recoup.

Sessions at the terminal last about 10 minutes
each day. The number of problems given depends on the
speed with which the pupil answers and on the number
of mistakes he makes. A lesson does not necessarily
correspond tb a sessiun with the terminal. The computer
notes how far the pupil has advanced at the end of the

session and the next day the pupil need only register

at the terminal to be given the subsequent exercises.

The computer, for example will print "2+42=...".
The pupil types out his answer. If the answer is
correct, the computer gives another problem such as
"2-...=5", 1If the answer is incorrect a comment such
as "No, try again" is given. The problem is posed
once again. Upon receiving a second incorrect answer
to the same gquestion, the computer suppliec the right
answer and the questicn is asked again so that the
student can give the correct answer himself. At the

end of the session, the pupil is given his results.

4.1.3 Instructional aspects

—— - " -t — - —

Drill and practice is often used in arithmetic
and for teaching vocabulary It}ls also used for
learning languages qxncé\fhls generally requires

r

x\ (/
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repetition and practice.

The structure of drill and practice programs
usually allows for comments on the pupil's errors.
The comments are more or less specific*depending on
the extent to which the answer is analyzed. The
comment either acts as a stimulus or makes the pupil
immediately aware of his error which he can then
correct. It is well known how important immediately

receiving one's results can be in the learning process.

4.1.4 Technical_aspects

. . - —

Programming for drill and pructice-type
applications is usually quite s.mple. Certain
applications in arithmetic may require only a few
instructions and yet permit the generation of an
unlimited number of questions. Some computer
instruction systems are equipped with special pro-

cedures for generating stereotyned exercise items.

Drill and practice requires the use of a
conversational system. Typewriters and cathode ray
tubes are the usual terminal used in these applica-

tions.

The pupil may simply be told his answer is in-
correct; he may be told how serious his error is;
or he may be taught in its entirety the rule he
failed to apply.
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4.1.5 Comparison with_other types

- A a4 o _ - - -

Technically speaking question generation and answer
correction as well as the organization of guestions on the
basis of pupil performance are techniques similar to those
used for individualized testing and test generation: The
difference is in tﬁe objective sought: testing is used to
evaluate the attainment of objectives, drill and praciice
is used to reach the objectives.

Moreover, the comments given after students'answers
are essential for drill and practice applications. But the
computer doesn't have to comment students'answers while

" testing him, '

The repetitive aspect of drill and practice must
also be stressed. 1In fact, test generation system can be
used to p;oduce exercise items as well as test questions,
but these are usually limited in number, When using driill
and practice applications, the same type of question is

asked until the desircd performance is achieved.

Q
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4.1.6 Experiment results

— e et - — - -

Drill and practice is used in traditional
lecture courses. It provides practice in newly-
taught concepts and is often used to help slower
students catch up.

The experiments performed (Reports 10 to 13)
all dealt with elementary reading and arithmetic. It
should ke noted that some of the results obtained
were rather spectacular either in the quantity learned

or the speed with which subject matter was mastered.
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4.2 Tutorial.

4,2.1 Presentation.

——— e . - - ———

By tutorial*, we refer to the applications where the
computer performs all the teaching actions nérmally per formed
by the teacher, in a continual interaction with the student.
The computer transmits informations, controls the student
progress through a course, and tests him in order to know if

he attained his objectives.

This type of instruction was one of the earliest ap-
plications to be tridd. This is quite understandable if we
consider that in spite of the application's complexity,
programmed learning had already reached an advanced stage
of development and popularity when the first computerized
instruction systems were perfected. It was natural to con-
sider computer instruction as an extension of this technique

and to use the computer first as a super teaching machine.

4.2.2 Instructional aspects.,

- —— o —— T — T — - —

The purpose of tutorial instruction is to make student
learning quicker and easier by individualizing the teaching

process.

* This type of use is known by a considerable number of
different terms: CAl, CAI-Tutorial, Computer Based
Instruction (CBI}, Automated Teaching, Computer
Assisted Learning (CAL), and so forth.
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Such individualization may take two aspects:

a) Individualization of the rate of progress within a
course; this type of individualization is extrinsic to the
teaching program and depends mainly on the rate at which a

particular student approaches his material, on his choice

of schedule, on the availability of material, and so forth.

b) Individualization of the instruction itself; this
type of individualization is obtained by using course de-
velopment methods designed for programmed instruction. Ba-
sically:

(i) The overall concepts are broken down into their

smallest units.

(ii) These units are restructured as to recompose the

initial concepts.

{iii) During the course, information is presented alter-
nately with tests, the results of which determine the sub-
sequent material. Generally, a typical and necessarily
simplified tutorial interaction between computer and stu-

dent includes the following:

* This is the truly educational aspect of individual-
ization; the other is more technical,

LPT PRenort



133

p o S A——

i X

—

- .information given to the
student(I1 and 12);

a of information (Q);

---------- L_-W - question testing comprehension
1

Cwrong

~ analysis of the answer;

- comment adapted to the
C
(

answer right or cwrong).
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The process can be carried to extremes, Test re-
sults can have a bearing on several aspects of the pre-

sentaktlon of marerial.,

the quantity of information presented at one time

(scope},

- the guality of this information (difficulty),

- the method of presentation, itself depending on the
medium and the strategy used,

- the interval between the tests,

- and so forth,

In fact, qguite a number of variables are possible.
This i1s why :utor’al systems designed to take all the
variables into consideration are still in the experimental
stage today., The systems used are much simpler and resem-
ble the general pattern given above. Some tutorial courses
o0

called | "page turners", are sometimes so simple as to be

thoroughly annoying.

It may be scen that from the instructional viewpoint,
toeoe 0 Tasop e d o requires moxe than just a definition
of objectives and the development of a testing instrument.
It requires detailed study of the structure of the subject

matiter, decisions on>the educational strategies- to be em--

el Neopnvy, 1973, vol, I



135
4.2.2 ...

ployed, choice of a typical course orientation, experi;
mentation with the details of course sequence, and

so forth. Tr fact, planning a computer course is compa-
rable in terms of the time and effort involved, to the
preparation of an educational film scrip;. It differs
in the pupil-machine interaction, and an appreciable

amount of additional time is required if a certain perfec-

tion is desired in this field.

Finally it should be stressed that the tutorial
use of the computer facilitates validation and correction
of courses. In fact, the computer, as well as instructing
the student, can store (on file) a great deal of informa-
tion concerning.his progress, .his test results,
including details of his answers to the system's questions.
The course writers have access to this information which,
once analyzed, can be used to correct and improve the

course,

4.2.3 Technical asgegti:

Computerized tutecrial instruction requires a conver-
sational system since adapting the information to the stu-
dent makes real-time interaction necessary.

e —— - e e
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The question of choice of equipment, languages and
terminals is all the more complex since the number of sys-
tems offered is considerable (without counting the pos-~
sible alternatives of permutation of equipment). In a few
lines, here are the possible options‘and the questions

generally discussed in the specialized articles.

{a) Computer.

One of the main questions asked is whether to choose
a large or a small computer,

(b} Language or software. ‘

There are a great many languages available. The main

questions discussed concerning software are:

~ languages for general use vs specialized languages for

education;
- standardization of languages vs multiplicity of special-
ized languages;

- compatibility of software.

(c) Terminals,

At the present time typewriter-like (TWX, 2741) and
cathode screens are the most widely used terminals. A new
type, the plasma display panel, developed at the University
of Illinois, could revolutionize the field. It is, in fact,
very efficient and should cost less than the cathode ray tube

presently available.
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For certain tutoria!l applications, small printers
are also used; when the lesson is given on the cathode
screen, they allow certain texts which the student wants

to keep to be printed quickly.

4.2.4 Experiment results.

The experiment results are more numerous in tutorial
instruction than in any other application. This is a-good
illustration of the versatility of this computer application,
as regards both academic levels and subjects taught. Appli-
cations are mainly in the science field. Generally speaking,
the experiments presented in Reports No. 14 to 27 covered

short courses,

On the whole, experiments on tutorial use of the com-

puter tend to show that:

- it offers instruction at least as effective as lecture
courses (in class) from the viewpoint of the academic re-

sults of a group of pupils;
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= it makes it possible to shorten learning time by 20 to

25 percent;

- it allows the most gifted child to deal with certain
notions more quickly and the weakest pupil to take more
time. The slowest pupil will take up to four times as

long as the quickest pupil (observed difference).

Report, 1973, vol. 1
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4.3 Dialogue.

4.3.1 Presentation.
This type of computer instruction involves student
control of course progress and information sequence through

the possibility of natural language d/alogue with the ma-

chine.

This use is also called "Inquiry" or "Learner-~con-

trolled".

Applications of this type are mostly in the experi-~

mental stage.

4.3.2 Fxample One.

At the Laboratoire de Pédagogie Informatique, the stu-
dent taking the introductory courses to data processing and
electrotechnics*, could ask questions in ordinary French

if he did not understand a term, explanation or example. He

* The introductory course to data processing lasted
about 15 hours on the Laboratoire's 1500 system.
The course in electrotechnics lasied about three
hours.,
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could ask his questions at any time in the course and any

way he liked, within the following limitations:

(a) his query had to deal with:

(i} a request for a definition (eg. "What is...",
"define...", "What does... mean”, and the like.),
{ii) a question on operation (eg. "How does... work",

and so forth.),

(iii) a question about use (eg. "What is... used for",

"What is the use of...", and the like.)

{b) the query had to deal with part of the course,

The student who wanted to make a query had to type a
question mark (?) when he had control*. The program then
sent the message: "Ask your question”. The student typed

his question which was analyzed by a program called the

* It is said that the student has "control" when the
system expects some kind of response from him:
answer to a question, reqguest to continue the course,
and so forth.
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analyzer*. First the program-noted the type of question
(definition, operation, use}. Then, on the basis of the
keywords, it determined the subject dealt with by the
question. If an answer had been provided for the question
the program gave it to the student. If not, the student
was asked to rephrase his question. If the second attempt
‘was fruitless, he was informed that it was impossible to

answer his gquestion at that moment.

All the questions asked by students were kept on
file. This file also recorded the point in the course where
a student had asked a question, and the address of the in-
formation he had received in reply. When there was no answer,
a special signal was recorded. &t regulaf’intervals, these
questions were printed on paper and it was possible to check
whether the answers received by the students actually corre-
sponded to the questions asked. 1If not, or if no answer had
been given, the program could be modified to provide for

new cases.

We have mentioned that the student could ask guestions

during the course. In this type of use (dialogue within a

* For further detail on question analysis, the reader is
referred to the Laboratoire reports (52,53}.
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tuitorial course) with the analyzer which we had perfected,
the gtudents received answers to about 25 percent of their
questions. However, this low rate of reply was not due to
weaknesses in programming but rather to the use made of
dialogue. 1In a special experiment conducted in the
Laboratoire in Fébruary-March 1971, the response rate was
about 75 percent.In that instance, the students-were involved
taking a course in Boolean algebra simply by asking questions¥*.
Any information which reached them was elicited by a par-
ticular question. The experiment did not aim to measure
the effectiveness of such a teaching method, but rather to
assess its technical possibilities. The fact that the
questions were answered about 75 percent of the time shows
that if the machine is adequately programmed, two-way dia-

logue is possible.

4.3.3 Instructional aspects.

— o — e —— o A——

Instructional use of the computer is often criticized
for being deterministic in method. The student exercises
control over neither the information received, nor the manner

of presentation. Even in the most highly developed systems,

-

4

* There is no report available on this experiment. The
Boolean algebra course was part of the introduction
to data processing.
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the individual taught is reduced to a typical pattern."”
The -information goes from the machine to the student
without him being able to control it other than indirect-
ly, through his general performance or his answers to
questions prepared in advance. Tutorial {instruction, iike
programmed instruction is diametrically opposite to non-

directive teaching.'

The possibility of dialogue within a course, or
dialogue~based instruction, allows self-determination in
the student's learning. Attaining instructional objec~-
tives can be individualized, both in learning rate and
time-table flexibility and in the way in which the objec-
tives are mastered. This self-determination and freedom
given the student is sometimes desirable, but is also

sometimes necessary, as in the following example.
4.3.4 Example Two.

At Erindale College in Toronto, a team of educators
studied the problems of teaching symbolic logic (71). Ac-

cording to them, these problems were as follows.

- The subject has always been difficult to teach.
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- Above all, learning symbolic logic requires a great
deal of practice directed by a person familiar with

the subject. In fact, this learning requires a tutor.

- Although this difficulty may exist in teaching many
other subjects it is almost impossible to learn sym-

bolic logic, otherwise.

The program which was developed to enable the
student to practise proving theorems actually simulates a
tutor who follows the student's_activity step by step.
However, the tutor does not suggest or demand anything
from the student; he converses with him. The interaction

proceeds in the following way.

The language used is the language of symbolic logic
itself, and this simplifies interpretation of the student's
messages. When he questions the computer, he does so by
formulating a theorem. He may ask the computer, (1) to
check the proof he has already worked out, (2) to help him

prove the theorem he is interested in.

The student who has a question to ask (a theorem to
prove) goes to the terminal and identifies himself. He then
types- out the theorem and the proof he has prepared (if he
cannot do it all, he writes out what he can). After each

statement*, the computer checks whether it is valid (this is

A statement consists of a formula and a justification
and corresponds to a line of type at the terminal.
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done by a program called "Theorem Prover"). If the
statement is v&lid, the program lets the student con- -
tinue his proof. If, however, the statement contains an
error, the computer attempts to have the student find

the weak point by asking him questions (this program is
called a "Question Asker”). At any time the student may
ask the computer a question about the statement he is un-
sure of or wishes to develop further. He has merely to

propose this statement as a theorem.

It is easy to see that a genuine dialogue is involved
in this case and that it is controlled by the student since
he is defining the problems he wants to solve. Obviously,
the domain of conversation is limited (proving theorems in
symbolic logic), and the language is governed by rules which
are far fewer and better defined than are those of natural

language.

- - - e o

From the technical point of view, dialogue requires
a conversational system. The terminal where the student
will be working must of necessity have a keyboard to allow
him to type his interventions. 1In the first example we
gave, the Laboratoire de Pédagogie Informatique used the
1500 system and the "Coursewriter I1" programming language.
In the second example, an IBM 2741 teletype was used as the

terminal and APL* as the programming language.

* APL/CAT to be more precise. A programming Language/
Computer Assisted Teaching.,
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In a lial{ogue application, very. special attention
must be paid to structuring the information, programming
the analyzers, and updating the system. Ffom one
system tc another the techniques of sentence analysis may
differ widely; the common denominator of all these systems,
however, is the great length of time required for program-

ming#*

In the second example, and in cases where questions
are asked with the help of a well defined vocabulary** ,
the question or answer is fairly easily analyéed. Moreover,
since the information given is restricted to the field in
which the conversation has been engaged, this information

forms a whole and can be delim’ ted.

* We are including in the expression programming writ-
ing the appreopriate software, designing the logical
analysis systerm and programming it in a given lan-
guage.

**x In 4,3.6, cases will be discussed where there is the
possibility of a rudimentary dialogue. A student
may ask for specific informatic.: by using a prescribed
code. In this case the application actually involves
information bank management.
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On the other hand, in the more usual case where a
dialogue in natural language is desired, the complexity
and extent of the vocabulary and the semantic value of

the word groups vastly increases the difficulty of the

proklem.

Two other problems arise along with the desire to
dialogue with the computer, first, the storage space oc-
cupied by the analysis programs and dictionaries re-
quired for sentence recognition, and second, the analysis
time involvea. For effective dialogue the student must
receive the answer to his guestion in no more than

a1

ton seconds, preferably in far less.

4.3.6 Comparison_with other types.

In certain respects, the use of the computer in Ji.:-
_-:ue 1s not unlike its use as an «utonuafon. In fact in
the second case there actually is dialogue between the urer
and the system he is programming. However, such a dialogue
is limited to a certain number of restricted known uactii-
t ¢¢ which the computer can perform. The vocabulary is
‘limited and often anite different from natural language.

The conversation takes place in the computer's language.

Keport, 1973, vol., 1
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Used as an automaton, the computer is not used for
the actual instruction; it is simply a tool which can as-
sist in the learniné process. However, in «/ alogue sys-
tems the information given during the dialogue is direct-

ly involved in the learning process.

Compuﬂer iialogue 1s also related *o the ‘rjiormation
fav type of use. In fact, the student o1 teacher consult-
ing a data bank carries on a sort of conversation with the
computer, especially when the consultation is in real time.
The language used 1n this case usually consists of a series
of codes which correspond with the logical organization of
the data. The information bank management programs afe
much simpler than the question wruiyzere used for dialcgue.
The main difference between the two types of application
(which can be almost identical* at times) is that fﬁ”&ﬁg
case of 7 s, the information is structured in'#Ccord—
ance with the instruction involved. Also, the info?mation
does not consist merely of objective definitions, or data

with no reference to context, but 1is oriented so as to

* The reader is referred to Maurice Peuchot's article
on the "Dirfusion automatigue de l'information” for
the nreosont state of research in this field.,  (54).,
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encourage learning*

Experiments on the use of the computer in J{i1loaue
are still in the research stage and tend to demonstrate
technical possibilities rather than measure the actual ef-
fectiveness in teaching.

Research i1s mainly on the syntactical and semantic
analysis of natural language sentences, and semantic
analysis 1s by far the more difficult. Most of the time
this rescarch extends beyond the scope of instructional
research. 1t frequently involwves linguistic and semantic
problems,

* In tho cinal analysis, if the student could use nat-
ural language to obtain access to an oo lon Dok
when striving to reach his learning ObjOCthvu, this
use Could be classified as a type of ' ¢ ..o

N LI
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lng Tearpyrent = Conclusions.,

The use of’the computer as a teaching [natpruront
is the best known and most widespread application today.
It has also been responsible for the greatest amount of
formal research on its effectiveness and its possible

fields of application.

Particularly when used in ‘«!orial applications,
with a terminal, the computer can transmit knowledge in
the same way as other audio-visual media. 1In this respect
certain techniques for dividing and presenting subject
matter, sclecting support material adapted to the informa-
tion t¢ be transmitted, and more generally, techniques for
preparing instructional material are ccmmon to both areas.
In this form, instructional use of the computer is better
known to most i ln teckniz{ans than might be thought,

considering its apparent novelty and complexity.

The fairly elaborate research arising from the use

<

of the computer as a reur ‘vy ‘nafrumert {especially for
twroedy and x0T 00 wm ! prartice applications) seems to

’ &
suggest its possible advantages, at ledst in the fields

and for the student groups where its use has provern most

worth whiie,

I

~alvgaé is considered by some (6) as the applica-
tion of the future. However, many instructional and tech-
nical restrictions must be overcome before such an appli-

cation can become general.

LPI Report, 1973, vol. I



151

4.5 Experiment reports




152

REPORT NO. 10

INSTITUTION :
CONCERNED :  Computer Curriculum Corporation (C.C.C.)

USE - O S TR AN AL SC Ry s
LEVEL : Elementary
SUBJECT : Vocabulary

REFERENCE : (26)

COMMENTS

The experiment involved 162 pupils from

a sliaghtly helow~-average socio-economic class.

Teletype terminals, model 33, and a

Honeywell 1648 computer were used,

In the course of the vear each pupil

had 150 ten-minute sessions with the terminal.

Exercises were of the type:
An unkind person 1is .:..... kind.
very not too

The pupil answered by typing out one of the three

possibilities given,

LD Revory, 1973, vol, |



The exercises were in groups of five;
to change groups, 4 or 5 correct answers were required.
When the pupil made only cne error {(4/5), the problem

question could be included in the next group.

At any time the instructor could obtain
a report on the work of a group of pupils doing

computer exercises.

RESULTS

The percentage of correct answers
during the 1970-71 school year was:

Grade

Grade

(62 BN S )

Grade
Grade 6
All grades

The authors also noted the number of

groups of 5 exercises completed per minute:
F

Grade 3
Grade «
Grade 5
Grade 6

All grades

O

E}{U:‘ Ll Report, 1973,

.909
. 898
.901
.325
.908

.708
.608
.532
. 534
.588
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The drop observed (.70 to .53) may
be explained by the increased number of texts to be
read or typed in grades 5 and 6.

In general, the authors found that
on the average pupils learn twice as many new words

in computer sessions than in sessions with a teacher

- 1P Revort 1973, vol. I
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REPORT NO. 11

INSTITUTION

CONCERNED : Stanford University
USE : Deill and practice
LEVEL : Elementary

SUBJECT 3 Arithmetic
REFERENCE : (37)

COMMENTS

The experiment involved about 6,000
pupils and 192 terminals in 15 elementary schools in
Marnhattan, the Bronx and Brooklyn.

One group of pupils (group A)
received traditional instruction followed by dr7il

ang pra-~iice at a terminal.

Another group (group B) received only

the traditional instruction.

RESULTS

The following tables set forth
observacions on the amount of material mastered by
the pupils after five months, on the one hand, and on

the other, an estimate for a nine-month period.

[]{U:‘ LPI Report, 1973, vol. 1
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GROUP OBSERVATIONS AFTER
5 MONTHS
A
B
Difference 3.4

ESTIMATE FOR A NINE-MONTH PERIOD

GROUP
ABOVE-AVERAGE AVERAGE BELOW-AVERAGE
CASES CASES CASES
A 19.8 15.1 8.4
B 10.0 9.0 .
Difference 9.8 6.1 0.4

L —-

As shown in the second table, the computer
sessions would result, over a nine-month period, in a

gain of six months (in the average case) over traditional
instruction methods.

P. Suppes notes moreover, that the weaker
pupils profit most from computer instruction.

[ﬂ{uj LPI Report, 1973, vol. I
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REPORT NO. 12 .

INSTITUTION

CONCERNED : Public School of McComb, Mississippi
and Franklin County, Mississippi

USE t Drill and practice

LEVEL : Elementary

SUBJECT . Arithmetic

REFERENCE : (24)

COMMENTS

The experiment involved 200 grade 6
pupils. An experimental group of 100 pupils had five
minutes Jdril! axi practice with the computer every

day in addition to traditional instruction.

RESULTS

, The results of the posttest showed a
difference between the two groups at a .0l level of
significance. In the authors' opinicn, the computer
proved to be an effective tool for complementing

traditional instruction with {ril! and practice.
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REPORT NO. 13

INSTITUTION

CONCERNED : 3tanford University:
USE : Orill and practice
LEVEL : Grade 1

SUBJECT ] : Reading and arithmetic
REFERENCE : (60)

COMMENTS

The authors were trying to evaluate
the influence of computer courses on the behavior of
pupils in class. Forty-five pupils spent 35 minutes
a day at a terminal between the fall of 1966 and the

spring of 1967 (half for reading and half for
arithmetic).

A control group of twenty-seven pupils
were taught reading and arithmetic by a teacher.

RESULTS

There was no difference between the
two ygroups' attitudes in class. Results obtained in
reading {and less markedly in arithmetic), however,

Q
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confirm the belief that computer instruction reduces

the relation between performance and attitude in
class.

Q LPI Rgport, 1973, vol. 1
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REPORT NO 14

INSTITUTION

CONCERNED Laboratoire de Pédagogie Informatique,
Québec Department of Education.

UsgE : Tutocelal

LEVHEL H Secondary and College

SUBJECTS Physics, Data processing, Mathematics.

REFERENCES : (8,28)
COMMENTS :

The Penn-—-State attitude test was administered
to five groun. or pupils who had taken various courses at the
computer tern wii:]l between 1970 and 1972,

GROUP COURGE NUMBER AGE SEX DATE
1 Thevenin 22 18-19 M Fall
Theorem 1970
11 Intro, 23 16-17 M Fall
to data 1970
processing
IIT Intro, 35 17-18 23M Fall
to data 12F 1971
processing
v Intro, 23 18-19 r Spring
to data 1972
processing
y vector 24 20 F Fall
calculus 1970
o ’ .
Rl(j LPI Report, 1973, vol. 1 con/




Mereover, in a sixth group (VI) 35 Secondary V
students took the introductory course in data processing
in the fall of 1971. They then took the PERPE-LPI test
for the purpose of discovering the priorities in improving
the course. The PERPE-LPI test is based on the discrepan—'
cy between the actual situation and the desired situation,
and measures various aspects of the students' dissatisfac-

tion.

RESULTS:
With ygroup VI the following percentages of dis-

satisfaction were noted:

Anzv..r analysis 89%
Loops in the progress of the course 89%
Possibility of additional information . 83%

Morcover 89% of the students contradicted one

another as to the difficulty of the excrcises,

The table on the following pages shows the state-
ments selected from the Penn-State test, their numbers and
the conclusions which can be drawn from the opinions ex-
pressed by the pupils of groups I to V. D indicates disa-

greement, C contradiction and A, agreement.

LPI Report, 1973, vol. I Y 4
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STATUMENYT STATEMENT
NUMBER

CONCLUSIONS

Computer-Assisted Instruction makes the
learning too mechanical

12 CJopputeor Assisted Instruction is an ineffi-
cient use of the student's time

14 1 felt frustrated by the Computer-assisted
Instructieon situation

16 tven otherwlse interesting material would
e boring when presented by Computer-
Azsisted Instruction.

18 Toociew of the arcunt 1 learned, I would say
Commulor-assisted Instruction is superior
o o innal o instruction.

19 With o course such as 1 took by Computer-
Assighad Instruction, I would prefer Computer-
Assisted Tnstructieon to traditional instruc-
tion.,

25 Coan not in favor of Computer-assisted
Instruction because it is5 just another step
toward ddepersonalized instruction.

36 Otherwise Loring matertal would be interest-
ing whoen presented by Computer-Assisted
Instruction,

72 Corputer-assisted Instruction rade it pos-

sible for me to lecarn quickly.

Possit:le answers ranqged from vigourous disaqreement

to heavty curecement and wvere scaled

E \l}C LPI Report, 1973, vol. I
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It is interesting to note vigorous disagreement
with statements number 12 and 14 and agreement with

number 36.

These results show that although improvements
are required in the courses, generally speaking the stu-~

dents are in favor of computer-assisted instruction,

Q
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REPORT NO 15

INSTITUTION

CONCERNED ¢ University of Florida

USE ¢ Tutorial.

SUBJECT : Mathematics: significant fiqures.
REFERENCES : (18).

COMMENTS

The writers compare a programmed course
with the same course given by computer and supplemented
with additional information on incorrectly answered points,

The terminals were cathode ray screens,
64 students took the 52 course units.

Results were based on a posttest, a reten-

tion test and the mistakes made during the course.

RESULTS
The students using the programmed texts
3
were significantly more successful than those working with

the comuiter,

The writers attribute this difference to
the pupils of low ability who worked with the cathode ray
screen and conclude that pupils in.this category require

paper as an aid to memory.

LPI Report, 1973, vol. I
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REPORT NO 16

INSTITUTION

CONCERNED :  Montgomery County Public Schools.i

USE

LEVEL ¢ Secondary.

SUBJECT : Mathematics.

REFERENCE : (56). o
COMMENTS f‘

This involved a survey in which students

were asked for an appreciation on:

I- themselves as students,
II- the school as a whole,
11I- mathematics,

IV~ computer-based instruction.
The survey covered 350 students in 16 classes;
eight of these classes had received additional mathematics

classes with the computer.

The students were then asked to arrange the

following computer roles in order of importance:

L1 Recort, 1973, vol. |
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A - tésting,

B - study of new material,

C - review,

D - games (eg. chess),

E - practice in a difficult subject,
F - calculations (eg. square roots),

G - prograu writing,

RESULTS
The students' élassification produced the
following results as to the relative importance of the

computer's roles:

A i S i St 7 S 1 = s

ROLE AVERAGE RANK

B- study -------------momom oo 2,27 the most important
E- practice ~-=~-=~s-=-mo-—o—- 2.77

C~ review --—=--—=-—-mo—wo————- 2.87

F- calculations =--=-=-w--w---- 4.09

A~ testing -~—-==-=-s--=—m—--—-—— 4,82

G- Pprograms -----—=--—=-——----- 5.19

D~ games —-===--—=-me—m—————— 6.03 the least important

Moreover students' appreciation on the four
points mentioned (1, II, III, IV) resulted in the percent-

ages on the next page.

FRIC LPI Report, 1973, vol. I
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REACTION OF ALL THE STUDENTS

favorakle neutral unfavorable
I 53.1% 28.8% 18.1%
II 60.7% 18.8% 20.5%
111 58.9% 19.9% S 21.2%

1V ) 57.2% 29.5% 13,3%

The pupils' favorable attitude toward computér-based
instruction represents mainly the appreciation of those
wio actually used it (61.4% vs 53.0%). Also, the favorable
attitude towards mathematics ctems from thé appreciations
given by those pupils who had taken additional instruction

with the computer (60.0% vs 57.8%),

o LPI Report, 1973, vol, 1
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REPORT NO 17

INSTITUTION

CONCERNED : University of Saskatchewan.

USE t Vutoriails

LEVEL .+ University,

SUBJECT : FORTRAN (Introduction to Programming).
REFERENCE ¢ (12).

COMMENTS

The experiments involved 76 students di-
vided into three gioups. Each of the groups took a course

in Fortran:

- Group I had a teacher,
- Group Il received programmed instruction,
~ Group III received computer-assisted in-

struction.

On the Regina campus there were two IBM 2741
terminals available, connected with an IBM 360/67 computer

in Edmonton.

RESULTS :
The three groups took three Fortran tests,

did four problems and wrote a final examination.

Students performances were considered equiv-

alent in all three types of instruction.

LPI Report, 1973, vol. I 4



- It was observed that the students were very

favorably disposed toward the computer,

As far as learning time was concerned, the sty-
dents noted that it took about 750 minutes to take the
course by programmed instruction, 300 to take the course
in cléss, and an average of 225 minufes to take the course

with the computer.

LPT  Report, 1973, vol. I
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REPORT NO 18

INSTITUTION

CONCERNED :  Mercy Hospital School of Nursing
{PLATO II1)

USE , ;o Juteorial

SUBJECT ¢ Nursing

RETFERENCE : (9).

COMMENTS

N group of 100 students took 22 lessons at
a terminal. A control group received the same course in

formal lecture .

There were 70 terminals connected with a
CDC 1604 computer; twenty of these terminals could be used

at the samae time,

RESULTS

There was no significant difference between
the marks of the two groups. The experimental group spent
between 28 and 40 hours taking the course at the terminal.
The conoral group spent about 84 hours in class. A survey

indicated that 50 percent of the experimental group pre-

ferred the computer to other instructional media. Four stu-

dents out of five stated that the equipment did not inter-

fere with concentration.

LPI Report, 1973, vol., 1
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REPORT NO 19

INSTITUTION

CONCERNED : U.S. Army Signal Center and School
Fort Monmouth.

USE T Tutoprial

LEVEL : Professional.

SUBJECT : Electronics.

REFERENCE : _( 2).

COMMENTS :

The purpose was to compare traditional in-
struction witihh computer-assisted instruction. Comparisons
were carried out with two groups of 155 students in phase

one and two groups of 121 in phase two.

RESULTS :

or phase 1, there was a 5 percent level of
significance in the difference between the marks obtained;
the difference was at the one percent level of significance
for the number of failures. A more searching study showed
that +i :. differences werc due to the weakest students.
Accordingly computer-assisted instruction increases in ef-

fectiveness as the ability of the pupils decreases.
In phase 2, there were no failures after the

o/
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computdr-assisted instruction while there were seven

after traditional instruction.

Moreover, the students gained about 25

percent 1n time using the computer:

30 hours instead of 42 in phase 1
23 hours instead of 30 in phase 2.

]

fPinally, the attitude test showed that

the students preferred computer-assisted instruction,

TNSTRUCTLON BY COMPUTER TRADITIONAL
PHASE I
MARKS 104 101
FALLURES 26 33
TIME 29.55 42.00
R
PHASE 2
MARKS 114 111
Pali,drus 0 7
TIME 23.02 30.00
o
' . LPI Rcoort, 1973, vol. I
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REPORT NO 20

INSTITUTION

CONCERNED : University of Pennsylvania,
use s futorial
LEVEL : The students were elementary school

teachers.
SUBJECT : Mathematics,
REFERENCE : (31).

COMMENTS

The available data involved 134 students.

The students had about eight sessions at
the terminal (8.18) over a twenty-two day period (21.85),
that is, an average of approximately nineteen hours at the

terminal (19,24},

RESULTS

The students took a pretest and a posttest
of 80 multiple~choice questions. Théy also took a pretest
and a posttest on their attitude toward mathematics. Fi-
nally they took an attitude posttest on the instruction

nmethed.

, LPT Report, 1973, vol. 1
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The following figures were obtained:

PRETEST POSTTEST
RESULTS OBTAINED 51.40 69.65
ATTITUDE TOWARDS 92.14 93.01

MATHEMATICS

The attitude toward the computer proved to be

highly favorable.

1t was also observed that the slowest students

took four times as long as the fastest.

~LPI Report, 1973, vol. I
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REPORT NO 21

INSTITUTION

CONCERNED : University of Florida
USE : Carorial,

LEVEL : Secondary.

SUBJECT : Chemistry.

REFERENCE : (66) .

COMMENTS

The purpose of the experiment was to study
the short term effectiveness of tutofial computer instruc-
tion for certain chapters in high school chemistry. The
students took a posttest after the course and another six-

ty davs later. {

RESULTS

On both tests the control group obtained
marks that were 20 percent higher than those of the experi-
mental crroun.  However the experimental group took only

half as long.

Generally speaking there was a favorable

interest in the computer.

ERi(i LPI Report, 1973, vol. I
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REPORT NO 22

INSTITUTION

CONCERNED :  Fducation Development Dept.
IBM UK Ltd.

USE ¢ Tutorial

LEVEL : University

SUBJECT : Pittsburgh Interpretative Language
(PIL programming language).

REFERENCE o (20).

COMMENTS

Twenty first-year students in mathematics

and data processing were divided into three groups.

Group A :
Seven students took the course and exer-
cises in class.

Group B:
Six students took the course by computer
and the exercises in class.

Group C

Seven students took the course and the ex-

ercises at the terminal.

e/
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RESULTS

It was found that the good students were
just as successful with any instructional method. The
least gifted pupils did better with the computér because

of individualization.

Students whose results were above average
on the pretest and below on the posttest found waiting at
the terminal objectionable; they felt they were too slow
at typing and that computerized instruction was too imper-

sonal.

O LPI Report, 1973, vol. I
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REPORT NO 23

INSTITUTION

CONCERNED : Montgomery County Public Schools.,
USE : ciorld

LEVEL : High School.

SUBJECT : Algebra.

REFERENCE : (5.

COMMENTS

The experiments involved 89 students; 44
in the experimental group and 45 in the control group.

Both groups received traditional instruction.

In the experimental group, the students
who required additional information got it from the com-

puter,

RESOLTS

As expected, there was a significant in-
crease for hoth groups in the marks obtained on the post~
test as opposed to the pretest. However, as may be seen
in the table on the next page, the experimental group's
marks increased the most; the difference (2.63) was at a
.05 level of significance; these results are based on the

22 lowes& marks of each group on tﬁe pretest.

PR

Q
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Experimental Control Difference
Group Group
average 14.73 14.82 0.09
| PRETEST |~ == oo oo m o oo oo o o o oo
standard
2.99 2,08 /777
deviation
average 21.50 18.95 2.55
POSTTEST b~==w-mmmmmod e oo e e LT B i tatatat
standaxd
4,24 4.07 /777
j deviation
average 6.77 4.14 2.63
GAIN S N S P e
standard
3.15 4,14 /777
deviation
Q 1973, vol. I
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REPORT NO 24

INSTITUTION

CONCERNED : LPI, Québec Department of Education.
USE : fxt?vfll.

LEVEL : Teacher's College

SUBJECT : Mathematics: vector calculus.
REFERENCES  : (68).

COMMENTS :

Twenty-four students were divided into
three random groups. The three groups took the course

at a terminal.

- Group A took the course on a cathode ray screen with a

slide projector and a recorded text;

~ Group B took the course at the cathode raylscreen with a

recorded text; photos were in an accompanying book;

- Group C took the course at a cathode ray screen; the
text of the recordings and the photos were in an

accompanying book.

e/
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RESULTS

The following table shows averages and
standard deviations for the three groups on the pretest

and posttest.

PRETEST POSTTEST
GROQUP

Average | Standard Average Standard
Deviation Deviation
o .

A 26.88 8.99 76.88 5.56

B 27.50 7.07 73.75 4.84

C 25.63 11.84 71.88 13.91

The table below gives the average and
standard deviation in time (minutes) taken to cover the

course:

GROUP | AVERAGE | STANDARD
DEVIATION
A 140.75 23.80
B 144.00 33.39
C 173.50 28.66
| S,

The overall average was 152.75 minutes.
In groups A and B, 12 students out of 16 took less than

152.75 minutes and in Group C, 6 out of 8 took more than

152.75 minutes,

\)TPI Report, 1973, vol. I




The quickest student took 103 minutes and

the slowest 213 minutes.

From the standpoint of time, there was no
significant difference between groups A and B; on the
other hand the difference between group {(A+B) and group C

was at the .01 level of significance.

The results on the Penn-State attitude test
show that 93 percent of the students were satisfied with

the media used.

Generally speaking, the following attitudes

towards computer-assisted instruction were observed.
15 favorable,

3 neutral,

6 unfavorable.

Report, 1973, vol. 1




183

REPORT NO 25

INSTITUTION

CONCERNED : Naval personnel and Training Research
| Laboratory.

USE t VnnopT ol

LEVEL : Professional.

SUBJECT : Physics: alternating current.

REFERENCE : (27 .

COMMENTS

The report is dated May 1970. Fifty-one
students were randomly selected from 251 to form the ex-

perimental group.

The remaining 200 students formed the

control group.

At the end of the experiment, the two
groups took the regular school examination and an addi-

tional test on objectives not measured. by the examination.

RESULTS
Experimental group students had greater
success than the control group in both the examination and

the test.

Moreover, the experimental group took from
33 percent to 44 percent less time than the control group.

ERIC
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REPORT NO 26

INSTITUTION

CONCERNED : Naval Personnel and Training Research
Laboratory.

USE t Tutorial,

LEVEL : Professional.

SUBJECT : Physics: inductance

REFERENCE : (35).

COMMENTS H

The report is dated March 1971. Fifty
students were randomly selected from 230 to form the ex-
perimental group. The other 180 formed the control group.

The experiment was similar to No. 25.

RESULTS

On the additional test the experimental
group did much better than the control group. On the ex-
amination there was no difference. When the marks were
combined, the experimental group was about 10 percent su-
perior to the control group; moreover with an average of
8.75 hours, it reduced by 48 percent the time required by

the control group.
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REPORT NO 27

INSTITUTION

CONCERNED : LPI, Québec Department of Education.
USE t Tutorial and ialogue.

LEVEL : College:

SUBJECT ¢+ Physics: Thevenin Theorem,
REFERENCES H (33).

COMMENTS

The course was divided into 17 units,
About forty additional units served to answer the students'

questions,

Questions could be asked in everyday

French.

The experimental group comprised 22 students

and the control group 92.

RESULTS H
The average mark obtained on the posttest
was 51.7% with the computer (experimental group) and 47.7%

with traditional instruction (control group).

LPI Report, 1973, vol. I 4
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The average time taken to cover the course

was 2 hours 54 minutes.

The quickest student took one hour 54 minutes,

the slowest 3 hours 43 minutes.
The traditional course took one hour 55 minutes,

" The following opinions came to light on the

Penn-~State test.

10 highly favorable
19 favorable
12 uncertain

1 negative,

Concerning the opportunity offered students to

ask questions, there were:

49 requests for definitions

63 requests for help.
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