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ABSTRACT

This thesis investigates computer-assisted learning (C.A.L.).
as applied to junior high pupils that have a wide variety of 1eérning

disorders, Drill and practice programs were used as a means of teaching

basic computation and spelling skills. Three random groups were randomly
assigned to C.A.L. arithmetic, C.A.L. spelling, and Non—C;A.L. treatments,
All three groups continued to receive regular classroom instruction. The

experimental treatment continued for a three month period on an'alternate

day basis. The subjects were given the Stanford Achievement Test in
. Arithmetic and Spelling before (pretest 1 ahd vretest 2), after (post
test), and three weeks after the treatment period. ”;

The results of the study showed_that there were no‘sigﬁificant
differences between the three groups. However, éignificant differenc?s

vere found over time for both arithmetic and spelling, In arithmetie,

differences were found between: 1) vretest 2 and both the post test

and retention test (p <.0l), and 2) vretest 1 and both the post test and

retention test (p<.05)s Similarly, in spelling, differences were found
between: 1) pretest 2 and both thé post test and retention test, and
2) pretest 1 and the post test, both at the 401 level of significance.
An interaction effect was observed for arithmetic; but not for épélling.
Further tests confirmed that the significant differences over time in
arithmetic were attributable to ‘the gains made by the C.A.L. grithmetic
group. Similarly, in spelling the gains over time ﬁere analyzed for
descriptive purposes and found to be attributable to the gains'made by‘

the C.A.L. spelling group.

e
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The results of this study, therefore, indicated some statistical
-significance and were considefed-encouraging and significant in the
context of special education. For examnle; in arithmetic from pretest 2
to the retention test, there was a 5.3 month gain for the C.A.L.
‘arithmetic group compared to a 2.0 month gain for the C.A.L. svelling

v gfoup, and é «5 month gain for the non-C.A,L. group. Similarly, in
spell1ng, the C.A.L. spelllng group galned L. 9 months compared to

“a 1.7 month gain for the C.A.L. arithmetic group and a 1 O month galn

for the non-C.A.L. group.
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CHAPTER I

INTRODUCTION

The computer is a powerful tool with the potential to improve many
aspects of education. Instructional applications alone include simple
monitoring tasks, tutorial interactions, drill and practice routines,
simulations of real life situations, management of instfuctional sequences,

testing,diagnosis, and prescription. Many of the above are included in

" a general application referred to as computer assisted learning (C.A.L.).

Briefly stated, C.A.L. is the use of a computer to provide or assist the
instructional process. C.A.L. as used in this stﬁdy is an a&junct to
regular classroom instruction.

Perhaps, one of the most promising uses of C.A.L. in schools iﬁ in
helping to individualize instruction. In particular, its greatest
potentigl may be in helping to meet the needs of exceptional children—
especially those who have experienced difficulty learning under typical
classroom conditions and methods. Indeed, a few recent studies indicate
that C.A.L. may be a valuable remedial process for the developmentally
handicapped. However, most C.A.L. research in the past has centered
around normal populations of adults and children,

C.A.L. for pupils with learning handicaps seems to be a valid and
logical application,but more research is needed to substantiate this
claim, The cost factor of special education programs, combined with
shortages of funds, facilities, resources,and well trained special
education teachers, make it desirable that more efficient and effective

instructional procedures be found,




2.

Pupils with learning problems generally require more personal
attention from their teachers than do normal pupils, often to the
extent of being incapable of learning or studying on their own. As a

result, teachers in these situations tend to perform a great deal of

simple drill when their talents and creativity could be better used in
“higher level planning and interactions with pupils. If, through research,
C.A.L. is proven to be an effective help in the learhing process, then
its use can be justified,and teachers could devote more time to the

tasks which revolve around unigue human interactions and capabilities.

in spite of many advances in our understandings\of the leérning
process, we as teachers are still greatly puzzled as to how to optimize
learning—especially for pupils with learning disabilities. Special
education teachers continue to search for inétructional methods which
will prove to increase motivation and decrease frustration. This task
is an even bigger challenge when facing pupils with learning disabilities.
Traditionally, it has been this group of pupils which has been ﬁhe most

difficult group to manage, motivate, and assist in the learning process.

A minimum objective for most special education teachers would be

to help their students upgrade their basic skills in the two core

subjects of mathematics and language arts. However, accomplishing this
task has proven to be the most elusive and seemingly the most distasteful

for all types of pupils, especially in recent years. Although few educators

would deny the importance of learning the basic skills, there seems to
have been a decline in emphasis, or at least little advancement in the

teaching of basic skills.
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It is in the application of drill and practice that C,A.L. may be
most helpful, especially peftaining to students who are very wesk in
these basic academic skills and at the same time "turned-off" from
traditional teaching approaches,

Objectives of the Study

An overall objective of this study is to provide a novel learning
experience for pupils with learning problems through the use of C.A.L.
Another major goal is to evaluate the effectiveness of C.A.L. as a
method of improviﬁg individualized instruction for pupils in special
education programs,

Specific goals are as féllows:

1. To provide a learning situation which may help the students

remediate their weaknesses in the basic skills of addition,
- subtraction, multiplication, division,and spelling.
2. To provide greater individﬁalization of instruction to
allow the pupils to progress from their particular levels
at their own rate,
3. To set up controlled learning situations to study the effects

of the computer as an instructional tool in teaching basic

academic skills to pupils with learning handicaps.
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CHAPTER II

COMPUTER ASSISTED LEARNING AS RELATED TO LEARNING THEORY

An Overview of COmputgr Assistgd{Learningf(C.A.L.) and Computer Managed

~ Learning (C.M.L.)

The purpose of this section is to explain some of the terminology
used in C.A.L. and other individualized instructional techniques.

A concise definition of C.A.L. is the following:

C.A.L. is a men-machine interaction in which the teaching function
is accomplished by a computer without intervention by a human instructor.
. Both training material and instructional logic are stored in computér
memory. (Adapted from Salisbury, 1971, p.48).

It should be noted that the term "assisted" in computer assisted
learning implies that the instruction supplied by the computer serves
only as an adjunct to the regular classroom instruction. Also, it should
be mentioned that the terms C.A.L. and C.A.I. can be used and)are used
synonymously. (Salisbury preferred the term computer administered
instruction, )

There are four basic ways of using computers to assist in teaching:

1. Drillvand Practice
As a remedial tool to reinforce previously taught concepts,
the computer has a never tiring approach to the repetitious
job of drilling concepts and checking answers., Often built
into the drill and practice program can be checks as to
whether the pupil has reaéhed a criterion level of proficiency,

before advancement to more difficult concepts is allowed. Thus
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3.
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drill and practice is a learning method using repetition of skills
or facts on a random basis to help in the job of rote memorization.
Tutorial

The computer can act as a tutor in presenting information,

concepts, explanations, and questions in a running dialogue

in an effort to help pupils achieve an understanding of the

material being studied. If the questions are not answered

correctly the computer could branch to additional explanationé,
reviews and examples., Thus many programs of this type have built

in remedial features.

~Simulation

In this type of program the pupils are provided With a model
of real-life situations in which they are required to act |
spontaneously to make decisions regarding the problems with
which they are faced. Thus, simulation is an active problem-
solving situation in which the pupil will learn by trial and
error without having the real consequences coming to pass.
Under computer control, the pupil can experiment in ways which
would be too costly or too impractical in real life. Learning
about the problems involved in landing a rocket ship, learning
to manage a farm wisely, or learning to manage money and bank
accounts, are examples of situations which can be simulated by
a computer to teach lessons that would otherwise be too impractical

or too expensive to teach under real circumstances.




Lo Games
Computerized puzzles in which the students match wits with the

computer, or games in which the computer is the opponent, can

stimilate interest and motivate pupils to exercise and
strengthen their skills of logical reaséming.

Computer Managed Learming (C.M.L.) can be defined as:

A system for educational management that integrates student information,

curriculum data, and information on resources in order to assist the teacher
in individualizing instruction, (Finch, 1972, p.hé)

| Thus, C.M,L. is a comprehensive approach that guides the student
through a series of curricular paths and experieﬁces (computerized and
non-computerized) depending on:the needs, particular responses, and

- performances of the individual,

Thus,“computerized techniques can go a long way in supplementing
'.instrﬁctional conditions for the learning disabled. In addition to
what*hac been‘mentioned, C.A.L. and C.M.L. could also be conducted in

conjunction with other media such as audio tapes and video slides to

accomplish a multi-media approach under the control of a central computer,

The'Theoretical FoundationS'of C.A.L.

Modern examples of teaching machines and computerized instructional

devices owe their theoretical roots to the behaviorist movement in

psychology and trace back to the educational psychology of E.L. Thorndike.
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" In Thorndike's connectionism theory, the two main influential constructs

were the law of effect and the law of exercise,

The "law of effect" stated that when a changeable connection between

a situation and a response is made and followed by a satisfying situation,

bhat connection's strength is increased; when made and followed by an

~ annoying situatiom, its strength is decreased (Thorndike 1913). Later,
Thorndike's development of the "law of exercise" emphasized the importance
of knowledge ofvresults in learning. The mere repetition of the stimulus-

response cormection was not considered to be enough to ensure the learning

of thet connection. It was also necessary to confirm the appropriateness
_of the response. (Thorndike 1932).

Mofe recently, B.F. Skinner presented his distinctions between
classical (Pavlovian) conditioning and operant conditioning. This learning
model assumes that the learner must be actively involved in the learning
situation, and that the correct response must be reinforced or rewarded
in order to strengthen the connection. This model of learning has been
widely adopted and accepted on the basis of extensive experimentation,

both with laboratory animals and human subjects.

Antecedents of C.A.L. and their relationship to learning theory

CeA.Ls was also founded from advances in psychometrics and the
need for a practical technology which could efficiently administer,

score, and provide feedback from psychological tests, Out of this need

grew the technologies of automatic testing devices,and later, teaching

machines and programmed instruction.




Perhaps the three most influential ideas which have contributed
to the development of C.A.L. were the advent of the simple teaching
machine and programmed instruction, the concept of individualized

instruction, and the instructional behavioriel objectivaesmovement.

Teaching»Mgchines and Programmed,Instruction

The first teaching machine was developed'by Sidney L. Piessey
as early as 1926, However; Pressey's i&ea-to use a simple machine
to give tests, score tests, and teach simple driilvmaterials did not
become popﬁlar'ﬁntil the middle fifties when B.F. Skinner advanced .
.the idea,.using his Qork in operant corditioning as the thegfetical"
foundation. Skinner developed a machine which differed from Pressey's
in that the pupil did not have the option of choosing bétween alternatives.
Instead, the pupil was asked to write his own responée in a space provided.
Also, the instructional sesquencesor progréms were carefully designed so
as to hint at what the correct responses should be. This was done to make
the occurrence of the correct answer highly probable. Tﬁus, Skinner's
machines used programé whicﬁ incorporated the operant learning principles
of irmediate reinforcement of originzl responses, shaping of desired re-
sponses, and of over-learning through repetition. |

In "The Science of learning and the Art of Teaching"; Skinner (195.4)
presented his case that the science of behaviorisﬁ based on a reinter-
pretation of Thorndike's law of effect is all that is needed to set the
conditions necessary for cptimal.learning in animals and in humans as well,

Criticizing the prominent use of aversive controls in education, Skinner
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contended that a better approach would be the consistent use of immediate
positive reinforcement for desired behaviors and for the attainment of
educational objectives. Also, he suggested that extrapolated findings

from operant research have shown that:

1. Positive reinforcement should be immediate and should follow
each correct response,

2¢ It is advantageous to proceed from the simple and familiar
to the complex and less familiar through a gradual progression.

This type of program which moves step by step through a single

set of material is known as a linear program,

Skinner consistently emphasized that the most important aspect was
the arrangement of the instructional materials of the program and not
necessarily the teaching machine itself. Also, Skinner (1958) draws
a ﬁarailel between programmed instruction and individualized tutoring
in pointing out the following similarities:

1. A good tutor begins where the pupil is and does not insist on

moving beyond what the pupil can comprehend.

2. A good tutor moves at a rate consistent with the ability of

the pupil to learn.

3¢ A good tutor does not permit false answers to remain uncorrected,
he A good tutor does not lecture, instead by his hints and

questioning, he helps the pupil to find and state answers for

himself,
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Similarly, a good program would include the following features:

1.

2e

3.

Le

5

A program would begin with small easy-to~take steps and gradually
lead up to those which are.either unfamiliar or too difficult
prior to the instructional sequence.
Active participaﬁion in the learning sequences should take

place through one's own reading, thinking, writing, or selecting
of answers as opposed to the more paséive process of listening
to a lecture,

Immediate reinforcement of correct responses refers to knowldege
of one's results and to continual feedback that one is learning
the materials presented,

Individualization of instruction is provided for, in that the
learner should be allowed to use as much time as necessary to
vcbmplete the programvand attain the educational objectives
stated in the program,

Subsequent modifications and improvements to programs are
pessible and may be desirable based on the results attained

by learners going through the program. Thus, changes are to be
made until it is highly.probable that succeés will be attained

by the learners for which the program was designed.

Individualized Instruction

Another influential factor in the development of €.A.L. has been the

long standing issue in learning theory termed "individual differences"”,

‘These individual differences include differences in learning rates, abilities,
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backgrounds, styles, and behavioral characteristics. Based on the
question of how individual differences affect learning, educators have
again become interested in how to meet the individualized needs of pupils
in a school system which is still geared largely to masses of students,
In a brief history of individualization, Blake and Mc?herson (1969)
state that recognition of individual differences invleérning dates back
to ancient times. Also, it is suggested that in the one-room schools
'6f the past, pupils proceeded on an individual basis rather'than in
uniform groups. Each child learned at his ﬁwn‘rate, and he was allowed
to learn as much as possible, As educational advantages were offered
to a larger selection Qf growing population, it became necessary to
deal with pupils in "grade-level" groups, and individualized instrﬁction
began to disappear. This marked the era of the textbook approach which
dictated the lecture and uniform teaching to so-called homogeneous groups.
The authors go on to define individualized instruction to meén; .
That the learning program for each curriculum area is orgahized
in such a manner as to allow each child to move at his own pace
under the guidance of his teacher. Instruction is non-graded,
enabling each child to go so far in each subject as his ability
permits. Careful records are-kept on each child's progress,
(Blake and McPherson, 1969, Pebh). |
Similarly, in éupport of individualized instruction, Burns (1971)
states that no two living organisms are alike. People differ in learning
rates, learning methods, problem solving approaches, repertoires of

responses, patterns of interests, motivation to learn, goals, readiness
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to learn, capacity to learn, and values. In summary, it is stated that
‘individualized instruction is a natural way to learn—a concept of

instruction which accounts for learner needs, habits of study, and time
requirements,

In recent years, individualized instruction has come to mesn meeting
the educationsl needs of each learner by customizing curriculum and
instructional strategies, Although the need for individmalization
seems to be accepted by a majority of educators, especially with respect

to special education, very little is actually known on the basis of

research about the interactions between learning and individual differences.
In the future, C.A.L. is expected to help in the job of researching

the many questions raised by the interaction between learning and individual

differences, optimizing the learning and instructional processes, and

individualization of instruction. The computer is considered by many -

to be the most promising tool in the Job of optimizing the learning,

instructional, and research processes (Atkinson 1967), (Smallwood 1970),

and (Fishman 1969),

Behavioral Objeetives in Education

The main message of the behavioral objectives movement was that the
goals of instruction must be stated as behaviors which can be objectively
observed and measured undef specified conditions at the end of a given

learning experience (Bloom 1956) and (Mager 1962). This principle can be

traced back to many sources including the programming and teaching

machines movement, behavior modification, and individualized instruction,
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Evaluation at the end of a learning sequence is usually done according
to a given standard of time and/or margin of error. In short, educational
objectives, where possible, should be stated in behavioral terms or

'operationally to facilitate evaluation.

Behavior Modification and Instructional Technology

What are the relationships between behavior modification, instructional.
theory, and the instructional technologies and principles mentioned above?
Behavior modification instructional practicés refers to the use of operant
1earning.principles in the design and improvement of instruction,
Programming, teaching machines, and individualized instruction, are
examples of applications of the concepts of behavior modification methods
and the operant learning theory, The principle of stating educational
6bjectives in behévioral'or operational terms im an example of the
widespread application of an operant learning principle which is inherent
in all of the above positions or procedures. It is noteworthy that the
programmed instruction movement placed great emphasis on stating behavioral

objectives as a first step in planning instruction.

- Tmstructional Stratggies;of C.Asl. as Related_to Learning

épd Instructional’Theories

The instructional principles inherent in C.A.L. are, in part, the
same as those which underlie programming and teaching machines, individ-
ualized instrucfion, and behaﬁiorally stated ihstructional“objectiveé.
The present state of C.A.L. is based on and incorporates elements of all

three of the above learning positions or strategies, both in a theoretical
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and practical sense. Thus, the theoretical basis for C.2.L. is derived
in part from operant learning principles and behavior modification in-
structional theory. But C.A.L. can and doas go beyond these princivles,

This point will be expanded upon in a following section of this chapter,

Advantages of C.A.L. and the Principles of Learning and Instrucﬁionél Theories

Many of the instructional advantages offered by C.i.L. are similar to

those claimsd for programmed instruction. For example, Gerard (1967) -

lists C.A.L. advantages as better and faster learning, learning at.thg

student's own pace, better instruction bécause of expert authors, and
eliminating routine drudgery for the teacher. Carpenter {1970) in
reviewing general advantages, states that C.A.L. can regulate timing,
duration, and types of materiais usedlin learning. Also, it can assess '
learner responses and "branch" to remedizl or enrichmen£ routines within
the sane program when neceésany.' Crowder (1959) who developed the |
branching technique in programmed instructioﬁ, believed that pupils who

are ill-prepared should be able to go back to similer materials, and if

Awellwprepared, to by-pass some unrequired worke C.A.Le provides the 3

maximum flexibility in the branching technique of providing alternative -

paths.

A further unique advantage of the computer is the prospect of

-

testing, evaluating and researching the learning process, and in developing

and testing instructional materials. Implied in the above is the ability -
to diagnose leérner strengths and weaknesses in skills and -eptitudes,
While branching is possible in progremmed instruction, only C.A.L.

can provide numerous tracks, utilizing various other media depending on
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various paraméters including recent response patterns, latency of responses,

and individual learning characteristics.

C.A.L._and Other lLearning Theories

A taxonomy as outlined by Bloom (1956), and the specification of
behavioral objectives, can help teachers define more carefully the end
results of an instructional dequence. However, they offer little prospect
of determining how to get the pupil to do what is specified in the
objectives. Can recent learning theory suggest how to best ehgineer
learning experiences for learners?

C.A.L. is>derived from,programméd instruction and individualized
instruction, and therefore has stimulus-response learning theory as |
part of its foundation. However, C.A.L. is related to other learning
theery as well. The type of learning described as stimulus-response (S-R)
learning in the operant model is far too simple to explain the complex
behaviors which are learned even by young children. Thus, the operant
model is probably more applicable during the early life of a child, or in
céses of retardation, As a naive learnefbbecomes more capable of verbal
communication, simple S-R learning becomes less important in terms of
adapting and adjusting to the social and physical environment, and in
learning other complex behaviors.

The developmental theories of Piaget (1936), Ausubel (1968) and
Gagne (1964) have helped to identify developmental variations in learners
in perception, objectivity-subjectivity, the structure of ideas and the
nature of the thinking process itself, Most promoters of C.A.L. have
neglected relevant factors as they relate to the learning process. As a

result, there has been no serious attempt to relate developmental principles




of cognitive growth to applications of C.A.L.

When we consider learners who are developmentally advanced, ve
would acknowledge that as maturity increases the individuai'pérceives
the world more in general, abstract,and'categorical terms and less in

tangible, time bound, particularized contexts. (Piaget, 1958). In other

words "there is an increase in the ability to compreherd and manipulate -
abstract verbal symbols and relationships without the benefit of direct
tangible experience; concrete imegery, and empirical experience with

particularized instances of a concept”, (Edwards 1979).

Typically, curriculum for C.A.L. is organized iﬁt@ topical units |
without regerd to the hierarchical relations of those units on an |
ébstract level, (Ausubel 1968). Usually, units are treated asvihough they
are equivalent ﬁithin the learner®s cognitive fremework.

Recently, Gagne (1965) has attempted to set dowm a hieraréhy of
types or levels of learning. The leerning types as defined By Gagﬁe;
listed in order of increasing complexiﬁy, are.as'follows: |

1; Respouse learning | | |

2. Identification or multivle discrimination.iearning

3. Chain or sequence learning

L. Associative learning

5. Concept learning
6. Principle learning

. 7. Problem solving

8. Strategy learning
It is of primary importance thzt teachers or C.A.L. writers realize

that there may be many forms of learning end thet instruction should




’ 176

reflect_as many levels as possible—not just simple memorization of
facts or response learhing. For example, it is 1mnortrnt in C.4,L,
and other instruction that all prersquisite tssks and learning abilities

“have been developed prior to introducing new tasks or higher levels

of learning. It has been suggestad (Gagne, 1964), (Hicks and Hun&a, 19722
that by follow1na this model of tyvmes of learning combined with propsr .‘
organization of subject matter and b°hav1oral oojectlvee, the instructor

is much more likely to help a learner in the learning process,

In the writer's opinion, Gagnes's model of leavnlng and suggestlons

for instruction (C.4.L. or otherw1se) are excellent guidelines to follow
in planning instruction. Gagne outlines four asoectsvof the educational
brocess for which ideas and guidelines can be der1ve4 from hlS taxonomy: -
1. Planning behavioral obgect1v=s and dellneat1rg prerﬂqulslte
| capabilities before instructions,
2. Management of the learning situstion to help insure motivation
and involvement, as vwell as suggestions about content and

necessary conditions,

3. Planmning and testing instructional procedures to help optimize

learning.

L. Selectlno media wnlch will nrovzde greztest effectlveness in
a531st1ng the learning procsss,

Gagne's model of learning types and his irnstructional tneo:y have

‘ received positive reviews and evaluations (Hilgard and Bownr, 1966),
(Snelbecker, 197L), (Hicks ang Hunka, 1972). Hilgard and Bover suggest

that his taxonomy may be "tha beginning of a unified theory of learr1n~"




' (Hilgard and Bower, 1966, p.569). This writer believes that the strategies
and instructional principles inherent in C.A.L. are supporte& theoretically
in the framework of Gagne's model of learning and instructional principles,
and conversely, that Gagne's theory is a good one to follow in planning

and developing C.A.L.

Most of the eight types of learning seem well established and
supported in previously developed learning theories and empirical
studies (Snelbecker, 1974)e Types one to four seem to be especially
well documented,while types five to eight require further research.

Also, Gagne's entire theory of instruction will require systematic
research to test the value of this approach as an instructional theory
per se.

However, the usefulness of Gagne's model as a theoretical and
practical springboard seems rather tenuous. Ideally, in C.A.L. the
inanimate computer should simulate the good educational prgctice of
a teacher in planning and instruction. The computer can be programmed
to show capabilities similar to those described by Gagne. In a sense,
there exists a parallelism between learning in a human and what we must
program a computer to do. Also, in executing a program, a computer
will display many activities analogous to thinking andblearning in
humans, a field of study known as heuristics. For example, in C.A.L.
the computer may branch to several different subroutines depending on
the response of the learner and other pertinent factors. This procedure_
is akin to stimulus and discrimination learning in humans. Research in

the uses of computers to simulate and externalize the humen thought processes,
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have resulted in studies in "artificial intelligence". From these
studies have flowed new ways of looking at cognitive processes and
theories of learning, It seems reasonable to suggest that as these
and other new models of learning are developed, including mathematical
or statistical learning theory, C.A.L. will receive further theoretical

support and practical advancement.
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CHAPTER III

REVIEW OF IIDIVIDUALIZED INSTRUCTIONAL TECHNIQUES WITH EMPHASIS ON

TECHNIQUES USED FOR PUPILS WITH LEARNING PROBLEMS

Description of Exceptionality and of Pupils with Learning Disabilities

The type of pupils involved in this study can be referred to as
exceptional children in a very broad sense. The exceptional child has
been defined as "the child who deviates from the average ér normal child
in mental, physical, or social characteristics to such an extent that he
requires a modification of schéol practices, or special educational
services, in order to develop to his maximum capacity."(Kirk,3.H., 1962,p.4-5).

Excluded from this study ére pupils Qho deviate physically. The
physically handicapped are usually trained under special facilities found
at schools such as the Ellen Douglass School in Winnipeg, Manitoba, Also
'excluded are those exceptional pupils whose mental or intellectual abilities
are at the higher than normal end of the scale of comparison,

Thus, the type of pupils involved in this study are those with
emotional and learning disordefs. This description is a broad classifica-
tion which may be defined more specifically to include one or more of the
following categories:

l. Children who are neurotic or psychotic, or who exhibit

behavior disorders,
2o Children with an overall learning deficit——the slow learner

or the borderline, educable retarded,




21.

3e Children with specific learning disabilities or deficits
(excluding the physically handicapped)e
Lo Children with sensory handicaps likely to lead to a secondary
learning or emotional problem (excluding the deaf and the blind)
5. Children who are judged to be delinquent—children whose family
or community experience leads to cultural or emotional
deprivation (adapted from CELDIC report, 1970, p.19)
The terms: "slow learning pupils", "pupils with learning difficulties",
"pupils with learning problems, "the learning disabled child", have
all been used to describe the pupils of Central North School. The preferred
- terms to be used in this study will be "pupils with learning problems" or
"children with learning disorders or disabilities", These terms will be
used to refer to children included in this study who fit into one or more

of the above mentioned categories,

Teaching Machines and Programmed Instruction

The advantages and features of C.A.L. generally follow the pattern
provided by prdgrammed instruction. Like programmed instruction, simple
teaching machines and other related technologies have been ﬁsed
successfully as instructional aids in special education programs;
~ Several eiamples of such programs are the following:

Malpass (1963) tested the effectiveness of automated instruction
with E.M.H, (Educable Mentally Handicapped)and T M.H. (Trainable Mentally
Handicapped) institutionalized chiidren. Significant results were

obtained in the teaching of word recognition, spelling, and reading

b e
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skills, The results also showed that automated teaching methods were
more effective when compared to traditional classroom instruction.
Levels of retention were significantly higher after a period of sixty

days for groups which received automated instructions,

A study by Olton (1967) investigated the extent to which increments
in thinking and problem solving skills could be produced by the use
of self-instructional programmed lessons. A program célled "The
Productive Thinking Program" was administered to forty-four of foréy;

seven fifth grade classes in Racine, Wisconsin with sixteen programmed

lessons given one per day for four days per week., The teacher's role

was kept to a minimum, Comparison of pre and post-test of a random

sample of eight males and eight females (70h pupils) revealed significant
iﬁcrements on thirteen out of forty problem solving and divergent'thinking
criteria, These improvements occurred regardless of sex or level of

intelligence,

Platt and others (1966) studied automation with mentally retarded
and/or emotionally disturbed youths age 16 to 20 with I.Q. ranging
from 70 to 90, Various audio-visual devices such as the Graflex

Audio-graphic Instructor, were used to present programmed materials,

Data analysis revealed that the automated method was usually more
efficient than the conventional and progrémmed lecture method., However,

the most effective method was one which integrated convential and

automated instruction.

Malpass (1966) examined the effectiveness of programmed instructional

materials in the teaching of basic reading skills to slow learning,




2.

culturally deprived children aged six to nine, Forty-five children vere
divided into one control éroup receiving only tradition=l classroom
instruction while one experimental group received vrogr-mmed vor'cbooks
and another experimental group received instruction by me2ns of a
teachiﬁg machine. The results-of‘comparison on post test vocaﬁhlany
improve@ents showed significanﬁ gains for the machine-taught over ﬁhe
rcontrol and workbookataught over the control group, but no significant
difference between machine-taught and workbook~tzught grouvs.

‘Oneaspect of an experiment conducted by Metzger (1966) WaS"
designed to determine theefficacy of a teaching machine to teach basic
addition facts to Educable Mentally Handicapped (E.M.H.) pupils. MAnalysis
of pre and post-measures indicated that teaching machines_and vrogramed
materials are successful with E.M.H. pupils. It was also found that
E.M,H, children can learn arithmetic_facts by rote if given enough time,

| Most studies comparing P.I. to regular instruction have shown P.I.
to be more effective or more advéntageous. Contrary findings, however,
are reported in a study by Bornstein (1964). In this §tudy it was
suggested that P.I. was no more effective than the lecture method in
téaching high school mathematics to deaf students. Also,-P;I. wéé found to
require as mucﬁ and often more time than the lecture method.

However, ip 1966 Johmson conducted a study on teaching arithmetic
to mentally retarded subjects aﬁd found that a group using a vrogremmed
sequencevin combination with conventional classréom lessons shéwed éig~
nificantly better results than the groups using:

1., A program designed by Johnson
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2¢ TuM.I. Grollier's Elementary Arithmetic: Addition and subtraction

Facts, and

3« Conventional classroom lessons.

The way in which programs are used often makes a difference., For
example, in 1967, Higgins and Rusch showed that arithmetic concepts were
effectively taught to E.M.H. children using a teaching device with audio~
visual facilities and that going through the program twice produced ’
‘higher pos£ test scores than going through it once,

Steg (1968) and Bender (1968) studied the effectivensss of various

teaching machines that were designed to teach reading‘and other laﬁguage'
skills to disadvantaged pre-kindergarten children. The machines reported
on were called the Edison Responsive Talking Typewriter and the Story ' j
Telling Automaté& Reading Tutore. Both machines were effective in |
teaching some ofbthe basic language skills., Results indicated that
the automated techniques were in general more efficient than regular
classroom instruction.
Warner (1967) researched the effectiveness of programmed instruction

in phonic skills with three groups of exceptional children——seven

mentally retarded, five neurologically impaired, and seven emotionally

disturbed. An analysis of the results disclosed that the mentally
retarded and the emotionally disturbed made significant gains between

the beginning and terminal performance, Girls, and those below the

mean age of eight, made better progress than those whose age was

greater than eight.
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in a large sample study using seventy retarded pupils in a treatment
group, Dezelle (1971) compared programmed instruction in arithmetic to
regular classroom methods taught by five teachers experienced in
teaching the retarded. Although no significant differences were
cbéerved between pre and post test administrations of the California
Achievement Test, the experimental group using progremmed instruction
showed the largest gains,

Rosen and Piper (1972) set up an individualized classroom for
disruptive pupils. The classes were given individualized P.I. in all
subject areas. All the pupils were between 12 and 17 years and weré
below average in ability. A token system was used and the tokens were
redeemable for such rewards as vouchers to restaurants or tickets to
sporting events. Comparison between achievement scores before and
after the introductions to the tokens showed a gain in mean scores
to be significant at the ,01 level of confidence. Removal of the token
system caused the mean scores to drop to the .1 level of significsnce.
Re~introduction of the token caused the performance to rise even higher
than at the first implementétion of the token system.

This brief review tends to indicate that methods of individualized
instruction such as programmed instruction and teaching machines have
been beneficial for basic skills learning in children with lesrning
disabilities. More comprehensive reviews Sf the literature in the area
of programmed instruction and teaching machines can be found in

Leith (1966), Malpass (1967), and in Sandals (1973) with respect to the
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developmentally handicapped. The results of research clearly show that
children can acquire and retain basic academic skills by means of

programmed instruction.

Celele in Mathematics with Emphasis on Pupils With Learnin - Problems

The advantages of C.A.L. for the disabled learner have been
studied at an increasing rate in the last few years. Many of these
studies have indicated that the instructional features of the computer
can provide learning conditions which accommodate the needs of pupils
with learning disabilities.,

iMost studies reviewed are studies in which effectiveness was
measured by student achievement resulting from C.A.L. as compared to
acﬁievement resulting from other methods of instruction. Most studies
have provided C.A.L. to pupils in addition to regular classroom instruction.
As shown in Table 1, when that is the case, all studies reviewed have
shown regular classroom instruction supplemented by C.A.L. to be more
effective than or equal to classroom instruction alone, Examples of
some of these are the following:

Sandals (1973)used C.A.L. as a means of teaching the social and
mathematiéal skills involved in the process of banking and budgeting
to developmentally handicapped young adults. Concepts such as
budgeting, ﬁaking deposits, and making withdrawals were taught by
means of a slide pfesentation and teletype terminal. Significant
differences were obtained between pre test and post test and between
pre test and retention test administrations of criterion tests. It was

concluded that a computer was an effective tool in teaching social skills
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to retarded learners and that the material can be retained and transferred
to new but similar conditions.

Knutson and Prochnow (1970) also showed that C.A.L. could
effectively be used to teach money management skills to the retarded.

The computer facilities included a teletype terminal with a keyboard
overlay and slide presentations with corresponding audio instruction.
Significant differences were found between pre and post test scores for
- children using this system.

Palmer (1973) reported on three separate studies on C.A.L. in the
subject of mathematics. The mathematics programs were designed as a
means of helping students improve in their basic skills and to help
teachers manage diagnostic and prescriptive information. The California
Test of Basic Skills and the California Achievement Tests were administered
as pre and post tests to an experimental group receiving C.A.L. in mathematics
and to control groups. In general the reéults showed that: 1) the mean
test score for the experimental group exéeeded those of the control group,
2) a higher percentage of experimental than control students exceeded
their expected growth rates for the period, and 3) the students who
received C.A.L. experienced growth rates substantially beyond normal
expectations. Control groupvstudents did better on tests of reasoning
ability than did C.A.L. students, possibly because the C.A.L. did not
stress.reasoning skills. It was concluded that the program proved
economical, prombted student learning of basic skills, reduced the
teacher's remedial work, and helped in diagnosis and prescription of

student academic needs.
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A study conducted by Davies (1972) was set up to determine if
students using C.A.L. in the "STRANDS" mathematics program do significantly
better.than students not using the computer and if there may be significant
changes in attitude towards self, mathematics, teachers, and machines
on the part of the student using the C.A.L. Approximately 240 students
from grades two through six were involved in the study and were generally
“in the low ability range. The Stanford Achievement Test and Semantic
‘Bifferential were used. It was discovered that pupils using the C.A.L.
performed significantly better in computational skills than those not
using the computer, Also, no:significant shift in attitudes, either positive
or negative,took place.

However, on the question of the attitudes of pupils, parents, or
educators toward the use of C.A.L., many other researchers report results
in favor of C.A.L. Some of these studies cited later in this chapter
include the works of: Golub (1974), Perry (1973), Morgan (1975), and
King (1975)s

Beech and others (1970), for example, reported an extensive survey
of the feelings of both parents and pupils towardsa Dial-a-Drill mathematics
program used in New York City. The attitudes of both the pupils and parents
were found to bé quite positive—an interesting result considering that
the sample was drawn from a population with a generally negative attitude
towards education.

A comprehensive review dealing with the question of whether C.A.L.
leads to feelings of "dehumanization" or "depersonalization" can be found

in King (1975). Attitudes were explored towards various modes of C.A.L.
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before, during, and after its use. It was found that computer-based
instruction is not a threat to the process or spirit of humanization and
that it can provide the opportunities for increasiné personal interactions
between educators and pupils,

Durward (1973) used C.A.L. in arithmetic, with sixth and seventh
grade pupils, The sémples consisted of three groups: a "C.A.L. group"

receiving five minutes of C.A.L. in arithmetic per day in addition to

regular classes; the "Help group" receiving five minutes of group
instruction.in addition to regular classroom instruction; and the
"Zero group" receiving no additional instruction. The results indicated
that the C.A.L. improved arithmetic skills and that it was superior to
an equivalent amount of classroom instruction, although none of the results
were statistically significant. It was also foﬁnd through questionaires
that teachers considered the project beneficial, |
In an interim report Romans (1974) described a projeét which aimed |
at developing problem solving skills as well as teaching content—both
at the same time. The project was successful in teaching math content
through a sequence of problems in which the pupils induced rules and

generalizations from examples, The experimenter reported that 88 percent

of the students taught by this program reached the course objectives.,
Many studies have also reported on the effectiveness of C.A.L.

according to ability level. In general, these studies tend to indicate

that C.A.L. is most effective when it is uged by pupils who are below
grade level or more effective for low ability pupils than for average

or high ability pupils, Examples of such studies are cited below,
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*E.M.H., refers to educable mentally retarded chlldren
*¥In this and subsequent tables a™”indicates that the C.A.I. students achieved
A " indicates that C.A.L.. students dld less well,
while "=" indicates the same level of ach1evemen‘b.

better than non-C.A.L.

STUDY MODE SUBJECT GRADE RESULTS **
_ LEVEL _
Arnold (1970) Drill & Practice Arithmetic 3-6 +
Carlson & Others (1974) -~ Arithmetic 1 -6 +
Crawford (1970) Drill & Practice Arithmetic 7 =
Davies (1972) Drill & Practice Arithmetic 2-6 +
Durward (1973) Drill & Practice Arithmetic 6 - 7 -
Gibson (1971) Drill & Practice Arithmetic 7 +
Hill (1976) Drill & Practice Arithmetic 3 - 6 4
Handicapped
Jacobson (1975) Drill & Practice Afithmetj,c L4 -5 L+
Jamison & Others (1973) - Arithmetic 5,6 +
'Knutson & Prochnow (1970) Drill & Practice Maths (Money) EMR, +
Palmer (1973) Drill & Practice Arithmetic 3.6 +
Perry (1973) Mixed Consumer 3 |
. Arithmetie  Secondary ¢
Prince (1969) Drill & Practice Arithmetic 1-56 o+
Romans (1974) Mixed Mathematics = — .+
Sandals (1973) Mixed Maths & *E M. R +
: - Soecial Skills : '
Serivens (1970) Drill & Practice Arithmétic 3 -6 o+
Street (1972) Drill & Practice Arithmetic 3-7 =
Suppes & Morningstar Drill & Practice Arithmetic 2-6 +
(1969)
Suppes & Morningstar Drill & Practice Arithmetic 3 +
(1972) '
Suppes & Others (1973) - Arithmetic elementary &
: secondary(deaf) +
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Prince (1969) used C.A.L. effectively with disadvantaged children,
Drill and practice mathematics programs were used in seventeen elementary
schools. At the end of one year in the project, a significant educational
difference was found between groups using C.A.L. compared to the control
~ groups. Results of a more intensive study in the second year shéwed
that there was no significant difference between groups of high I.Q.,
high income, pupils of C,A.L. and regular classroom instruction; but
significant differences were found in favor of C.A.L. in Negro and low
income groups as compared to the other groups.

Street (1972) also studied the use of C.A.L. to improve arithmetic
basic skills of disadvantaged elementary school pupils. Results of this
study did not show a significant difference between C.A.L. groups compared
to control groups on the basis of standardized test scores. In some
individuals minor increases were noticed. The lack of significant
increases were attributed to: 1) Frequent computer breakdowns, ..

2) Programs that did not meet the instructional needs of the pupils,
and 3) Lack of proper supervision of students and programs being used.

Crawford (1970) studied the role of C.A.L. as a method for presenting
remedial programs in arithmetic for underachievers. The experimental group
received C.A.L. in addition to the regular classroom instruction which was
the only method used with the control group. The experimental group was
found to have significant gains educationally although no statistical
significance was attained between post test scores.. It was suggested
that this sghcﬁtcamiﬁngas due to‘equipment failures, lack of sufficient
staff training, absenteeism of students, and insufficient experimental

time (eight weeks),




32

Suppes and Morningstar (1969) evaluated the use of drill and practice
programs in mathematics for grades one through six in a Mississippi School.
The results of the study showed that in each of the six grades, the
improvement in grade levels achieved by pupils who were randomly assigned
to C.A.L. was significantly greater (p{ .Ol) than that gained by the
control pupils. The difference in grade levels ranged.from 41 to .88
in favor of the C.A.L. students,

In another report"Suppes (1972) reported that third grade students
in California and Mississibpi whose regular instruction was supplemented
by C.A.L. gained 2.28 and 2,03 in grade levels for computational ability
in one year.

Martin (1973) and Suppes and Morningstar (1972) reported results
aécording to ability 1eve1. Both studies found C.A.L. drill and practice
in arithmetic to be more effective for low ability pupils than for
pupils who were of average or above average ability.

Arnold (1970) and Scrivens (1970) found that after one year of GeA.L.
in mathematics, the differences in achievement between pupils whose
arithmetic instruction was suppiemented by CeA.L., drill and practice
and pupils who received regular classroom instruction were: 0,3 grade
levels for grade two, 0.5 grade levels for grade three, O.4 for grade four
and 0.5 for grades five and six, all in favor of the C.A.L. groups.

In addition to the studies that have shown gains in achievement
thfough the use of C.AsL., many studies also report that C.A.L. helps to

save time in the instructional process. Some have also shown that, even
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though C.A.L. does not always result in greater achievement, the time it
takes pupils to learn is usually reduced. For example, Edwards(1975)
cites nine studies that show reductions in time required to learn,
compared to conventional methods. Six of these studies show equivalenﬁ
achievement comparisons while three produced greater achievement in
favor of the C.A.L. Following in this section are a few examples of some

studies which show a reduction in learning time.

Student control of learning was studied by Jacobson (1975)e The

first step of the plan was self-management. Students were given a

strategy for the curriculum decision making and the responsibility for
.applying that strategy. Two interactive computer programs were included
as instructional alternatives within the self-management system on the
rationale that computers are responsive, yet still under student control
and are therefore uniquely adapted for self-controlled learning environments.
Students in fourth and fifth grade were able to effectively manage their
learning in elementary mathematics and apparently learned faster and
retained material better than a comparative group of students,

Studie® relating achievement in arithmetic to the amount of C.A.L.

have been conducted by Jamison and others (1973). Involved were over

10O fifth and sixth grade pupils. Results have shown that boys, for
example, who received 150 ten-minute C.A.L. sessions per year could expect

a +58 grade level gain exclusive of any gain attributable to classoom

instruction,
Suppes and others (1973) similarly reported a study that gave C.A.L.

in mathematics to 312 deaf pupils who were below grade level in elementary
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and secondary classes. These researchers demonstrated that, assuming
150 ten-minute C.A.L. sessions ber year, a grade level increase of

1.26 years could be expected and attributed to the C.A.L. intervention.

Hill (1976) investigated the use of C.A.L. with physically handicapped

children in the area of computational skills., The C.A.L. drill and
practice programs used were essentially the same as those which were
developed and adapted for use in this study. One of two randomly selected
groups received C.A.L. in addition to the regular classroom instruction,
which was given to both groups. Although the results showed no
statistically significant differences between the two groups, some

results were considered educationally significant, The experimenfal
group for example, showed an increase of seven months during a four

month period compared to a three month gain for the control group

during the same amount of time,

Colola in Language Arts

Studies involving language skills are not as common as those involving

mathematics skills, This may be because of the difficulty of writing
effective programs to teach the basics by C.A.L. There are limitations
inherent in C.A.L. programs that use the visual instructional sequénces
only. For example, spelling programs are difficult to construct without
the use of an audio component., However, programmers and resourceful
teachers have combined to develop some excellent language skills programs
in the last few years. Table Two shows a summary of the studies reviewed
using C.A.L. in language skills. Following are examples of some studies

that have been based on language skills programs:
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TABLE TWO - Studies That Involve C.A.L. in Language Skills

Fitzgibbon (1970)

: GRADE /AGE |
STUDY ‘ _ MODE SUBJECT _ ILEVEL RESULTS
Atkinson (1968) ~ Mixed Reading ' Intermediate +
Brebner & Others (1975) Mixed ~ Remedial Grade 6 +
: v - Reading
~ Bubba & : '
Thorhallson (1973) Drill & Practice Spelling . College +
Caldwell (1973) Mixed Reading 14,18 (yrs) +
Dunwell (1972) Drill & Practice Spelling 5-8 (yrs) +
Elfner (1973) Drill & Practice = Reading EM R, * +
Fletcher & ‘ o :
Atkinson (1972) Tutorial Reading Grade 1 +
‘Golub (197%4) Mixed {(tutorial) Reading 1422 (yrs) +
Green (1968) Drill & Practice Word & L yrs
Letter (disadvantaged)  +
Recognition
McEwan (1975) Mixed ‘Frsfich Secondary =
and Hobinson Grade 10
Nelon {1972) Tutorial Vocabulary Elementary +
- (E.M.R.)
Perry (1973) Mixed Reading Secondary +
Wilson & Drill & Practice English L -5
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Caldwell (1973) devised a study to compare the usefulnéss of C.A.L.
compéred to programmed instruction. The same program was delivered to
two groups of subjects between the ages of 14 and 18 with reading levels
below fifth grade. The reading progrems were designed to teach semi-literate
adolescents through the use of occupational information.. Significant
differences were found between pretest and post test achievement scofeé
for both groups using a criterion-referenced reading test. This wés an
indication that each method was successful in enhancing the échievement
of the bupils. . However, a comparison of pretegtvand posﬁ-teét means for
both groups revealed no significant advantage of one method over the other,

The concepts of mastery learnlng and the use of criterion referenced
testlng is increasingly being used in C.A.L. for both the menagement of
the curricular sequence and also for post test evaluation. Thus an
important effect may be that C.A.L. may hélp a majority of éunils improve
to a minimal level of competence, compared to the traditional apnroach
where perhaps only a minority may reach a minimal 1evel of maétery.

Elfner (1973) reported on a thres year reading development program
for forty mentally handicapped children. The proiect offered C.A.L. iﬁ
a programmed format in the first year. The secoﬁd year involved a'convefsion
from d.A.L. to computer managed ipstruction. In the third year a éystem of
supplementary instruction was presented without the computer, Some of the
conclusions were: 1) the E.M,R. purils required more drill and practice
than originally thought 2) significant gains were méde by the forty vupils,

and 3) those who took more time to respond to test cuestions on the'computer
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showad mére gains in objecpives successfully passed oﬁ ths post-test.

In spelling, Dunwell and others used a C.A.L. course called "WRITE®.
-to help fifth to eighth grade pupils with spelling ard worg usage.

The course used an IEM'36O cohputer and the Coursewriter III language.
Pupils received self-paced drills at a typewriter'tefmina1. The stresé_
was placed on spelling rules and patterns and the teacﬁing was througn
"the use of examples. Results on the Lincoln Intermediate spelling test
using an experimental-control, pre and post-test design, showed that the
experimental group mede significantly greater gains. It was concluded
{hat C.A.L. was an effectiveAmeahs of teaching spelli.g,:that it was
‘sensitive to individual needs, and helpful in ramedial work with weesker
students. (Dunwell and others, 1972).

In Red Dear College (Alberta) a C.i.L. progrem is being used to
examine the ability of the computef te drill students in spelling. The
program called "Spelling Clues" runs in Fortran IV on an IZ 360/67
computer and covers a list of 100 frequently misspslled words. Students
are asked via audio—tépes to spell the words; the accompanying dialogue‘
responds to both the correct and incorrect answer, analyzes errors;
provides examples of usage, and reminds studenté of basic spelling
rules, Students control the sequence and pace of their individual
programs and vork in an atmosphere of privacy and anonymity. Formal
evaluations haﬁe not yet been conéucted, but preliminary indicétions
ére that thé program is successful. (3ubba and Thorhalison, 1973),

At a major Canzdian centre for C.:i.L. in Calgary, Alﬁerta, research

1s progressing in the fields of C.A.L. for the developmantally handicapped
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(Hallworth and Bfebner, 1975), individualized remedizl reading (qubner
and others, l975),and coméuter based vocational cbunselling syétems
(Hallworth and others, 1975), all of which are showing pbsitive results
and signs of gaining écceptance and wider application, 3

In the individualized remedisl reading ?rogram, for example, a
controlled experiment was carried out to determine the effect the project
was having on pupil achievement. Two groups were set up~—the firstvgroup
contained the fhirtymfive poorést readers from the sixth gradé as measured
by the Canadian Test of Basic Skills, while the'otﬁer group consisted |
of another sixty-five pupils. The first group used. ths C.A.L. system.
entirely, while the second group continued with a.traéitibnal programwv‘

A statistical analysis revealed a significant difference in favor of the
first gfoup. | . |

"Students enjoyed using the terminals. Fér a period of tﬁo years,
the use of the management system has provided a strong motivation to
improve réading and it continﬁes_to do so. This may bs a Hawthorne
effect, but can hardly be objected to if it becomes permanent., (Brebner
and others, 1975, p.562)

In Edmonton, Alberta a study was designed to determine the effective—~ .
ness of implementing a C.A.L. project entitled "FRAND% as a parf of'a:
regular course of study in secondary school French. (YMcEwan & Robinson,1975).
The purpose of FRAND wés to teééh reading and writing skills by.means_of a
linguistically structured progression using the instructional principles

associated with mastery learning theory., C.A.L. pupils were matched to
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control pupils on the basis of aptitude and attitude scores, [Modern

Lznguage Aptitude Test, (Carroll and Sapon, 1959) and selected scales of

the National Test 3attery (Gardner and Smythe, 1975)]. At the conclusion

3,

of C.A.L., achievement scores were compared for both groups. No

significant differences betwesn groups on mean achievement scores were
found,
Fishman and others (1969) wanted to fird the optimum methods of

spelling instruction through the use of C.i.L. Most previous experimental

evidence showed that for the same amount of practice, learning is better

when practice is distributed rather than massed. However, their

. investigations found that the massed condition‘is better for short term
performance, while distributed repetitions prodﬁces better long term
learning.

Wilson and Fitzgibbon (1970) discovered that a g;oup of fourth aﬁd
fifth grade children made an average of sevén months growth in reading
sxills during a four month period, as a result of.having their normal
instruction supplemented with C.A.L. drill and practice routines,

Green (1968) used slidés, a teletype termiral, and a tape recorder to

teach disadvantaged four year:olds to recognize words and letters. C.A.L. was

tested with middle class and disadvantaged children. lMost programs were
reported to be more suitable for the middle class, However, it was felt

that a C.2A.L. approach, which provided increased gross motor responses in

lieu of verbel on2s, was well suited to disadvantaged children, especially

males,




Golub (1974) dévelopad a project to validéte a C.AL. literzecy

development program for jo‘cz«omented youth ages fourtesn to twenty-—fouro

The ervd product of this program was to provide diagnosis of reading 1evels,

an occupational interest :mventory, and instruction in literacy and
. occupational infornati.on. Evaluatién of the prograni showed that mnils' ,
made: conside rable gains in their literacy develomenh and outstandmg |
" gains in their knowledge of career 1nfomation, The 2 t.itude of C.A,I.
pupils was significantly better than the attitude of students takmg a
provra-mad text version of the program, as measured bv the Semanﬁic
| lefer»ntz.al Teste |
Atkinson, (1968), using an elaborate cor:muter temv;va}_, stuc‘lled the
field of initial reading programs, The evaluztion revealed thebt puvils
assigned to C.A.L. groups achieved signii‘icantly greater' geins in lfeéding
grade placement on the California ﬁ;:hievement Test, and on a ﬁest' develonzd
for the project, than did students receiving classroom :'mstructi.on alone,
A more recent evaluation of ‘a newer C. A.L. progran in mlt:.a}. reeding

using a teletype terminal by Fletcher and At’»cmson (1972), yielded

statistically significant results, The study used fifty matched pairs of » |

first grade students with one member of each pair assigned to a C.A.L.

treatment, After one year, the C.A,L. group achieved an averages i'eading o

grade level of 2.3 on the Stenford Achievement Test and 2.6 on the -

California Coopesrative Primary T;st, compared to 1.9 ard 2.1 achieved

‘respectively by the non C.A.L. grouo. . |
elon (1972) studied the feasibility of C.A.L. for ele:ﬁantary school

children, twelve of whom were educshle mentally retarded and twelve of whom
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were mentally normal. The children were matched with equivalence in
mental age and developmental levals. The experimental group consisting
of both types of subjects was'given a programmed vocabulary curriculum.

For subjects of comparable mental age there were no significant differences

between Ei.M.R's ahd normals in learning, error rate, or time needed for
completion. (In the experimental group, the amount of learning was fqund
to be greater for those of lower mental age, but error rate was not related
to mental age.) However, there were significant differences on post test

scores between experimental and control groups in favor of the experimental

group.

C.A.Le_In Both Mathematics and Language Skills

Table Three provide; a summary of some of the studies done in both
mathematics and lénguage skills. Out of five studies cited, four showed
C.A.L. superior'to traditional instruction, while one study presented
mixed results. Following are brief reviews of these studies, some of
which produced impressive results.

A computer-assisted instructional project was implemented in twenty-one

Chicago elementary schools. The instructional programs used were those of

the "STRANDS" series in reading, language arts, and mathematics drill
and practice, developed by the Computer Curriculum Corporation. All
students involved were achieving at least one year below grade level

upon entering the program. Results of the project after one year showed

it to be highly successful in providing individualized instruetion, and in

freeing teachers for more creative work. In addition, the students showed

%




‘ll-zo

TABLE THREE - (a) Mixed Studies in Both Maths and Language

: GRADE /AGE e
STUDY MODE SUBJECTS LEVEL RESULTS
- Berthold (1974) Tutorial Maths & ~ Brain damaged *
’ S Spelling - children
Litman (1973) Tutorial & Maths, Flementary =+
Drill & Practice Reading weak students
(special edo} .
Morgan (1975) Drill & Practice Reading & Visually & = +
: : Maths aurally handicapped
| 'Perry (1973) Drill & Practice Consumer Math 17 mean age +
& Simulation _ '
Suppes & ' : : B T ‘
Fletcher (1974) Drill & Practice Basic Math = Elementary. +
& Language (deat)

*Mixed results, teacher alone was shown to be suverior to C.A.L. alone,
Also, teacher plus C.A.L. was shown to be superior to C.A.L. alone.

%) C.A.L. in Other Subjects

GRADE/AGE =
STUDY MODE SUBJECTS LEVEL RESULTS
Adams (1869) Mixed German College +
: ~(Introductory) AR
Bitzer & Boudreaux(1969). Nursing =~ College . +
Edwards & Judd (1972) = Special Ed. k
Teacher Training College B
Ellenbogen (1975) Mixed Music . University =+
~ Ford. (1972) Drill & Practice Technical Post High o+
' vocational - School } o
Hansen & Others(1968) Drill Physics " College +
" Lagowski (1970) Mixed Chemistry College +
Morrison & Mixed ~ German College o=
Adams (1969) (Introductory) ~ :
Suppes & ‘
Morningstar (1970) Russian

College +
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gains in achievement to almost one month for every menth of C.A.L. instructicn.
This‘can be compared to £hé expectad gains of 5,6 m ﬁths for svery 8 months
in other special educational programs. (Litman, 1973)

Suppes and Fletcher (1974) conducted a fhree year study which involved
53000 pupils in fifteen schools for the deéf. 3oth elementary léngﬁage arts
and mathematics were studied.  The results of thevmathématics‘STRANDS
expariment showed that: 1) C.A.L. math, STRANDS -progra-'ns lead to sub-
stantial gains in computational skills when used by hearing iﬁpaired pupils,
2) gains can be made by pupils who work intensely for onIJVSix'io'ten-
minutes per cday on drili and pfactica programs, 'ﬂé 3} gains were
significently greater (two or thresz times greater) thzn those attained from
regular classroom instruction. | |

Berﬁhoid (197L4) researched the teaching of mathenatics ard spelling
to eleven minimally brain damaged ;hildren. Compared in ths study were
the effectiveness of 1) computer alone,. 2) teachsr aloﬁex and 3) the teacher
and computer combined. Gains in achievement were obvteined in the case of
the teacher alone, and the teacher~ccmputer cbmbination, Some of the
possible reasons for the poorer performance of ths computer aione.were:,

1) thz teacher was more adaptable and had more instruciional metheds than
the cémputer programs, and 2) the‘full adaptability of the computer
program was not used between sessions to meet the individual r.eeds of the pupils,

Perry (1973) reported on a project which in eért dalivered C.A.L.

in math, science,and readihg-to low 2bility studenis in seécadaﬁy schools.,

The consumer arithmetic and reading prozrams consisted of drill and oractice




routines and simulations of sales clerk and customer responses. Twenty-
five special education students with mean e¢hronglogical age of 17, mean I.Q.
of 67,and reading level of 3.6 years, showed gains of 5.55 months in
mathematics and 4.6 months in:reading after a period of five months as
measured by pre and post ﬁest scores‘on the Wide Range Achievement Test,
The reading gain was noted in part because of the controlled reading
effect of the teletype terminal. In the regular mathematics and science
coursé;pre and post testsof selected units showed a 4LO% improvement in
student performance after five hours of C.A.L. instruction.

Morgan (1975) developed a C.A.L., program in mathematics and reading
for approximately 400 visually or aurally handicapped students in Cincinnati.
Students wefe identified and given pretests to determine their needs. Their
special education teachers were trained to prepare appropriate C.A.L.
lesson material and to monitor student progress. During the first year,
the achievement of deaf students was analyzed, and attitude scales were
administered to teachers, students and parents. Preliminary results
showed that teachers were able to implement the C.A.L. system with deaf
students, that G.A.L. was beneficial for the hearing-impaired, that students,
teachers, and parents reacted favorably toward C.A.L. use, and that further
hardware and software development will be necessary before C.A.L. can be

fully implemented and tested with visually impaired students.

Other Types of C.A.L. Research
At Concordia University in Montreal, a C.A.L. program was developed

whereby'pupils listened to cassette-tapes on music and responded to questions
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presented through C.A.L. Explanatory material (in tutorial style)
preceded each question and immediate feedback followed pupil response,
directing him to one of a number of remedial or enrichment paths. Each

experimental pupil spent three sessions at a terminal to complete

two units and a test. The control group which received the test only,
spent one session at the terminal. The pre specified objectives were

attained by 80% of the experimental group which also showed a significant

gain in achievement in musical style in post test scores (Ellenbogen, 1975).

Other Canadian activity in C.A.L. includes the work of the National
Research Council of Canada (N.R.C.), (Brahan and Brown, 1972). In 1967
the National Reéearch Council began an initial study of computers as aids
to learning which ied to the establishment of a central facility. Other
research organizations also make use of these facilities on a co~operative
basis. The facilities include a medium scale time-sharing computer
accessible to the participating organizations through remote terminals.
Some of the research organizations involved include: The University of

Calgary, the Ontario Institute of Studies in Education in Toronto,

Algonquin College in Ottawa, McMaster University in Hamilton, and the

University of Montreal.

A main goal of the project is to co-ordinate research efforts and to
seek improvements in specialized hardware and software equipment., In this

way the project provides a means of co-operation between the researcher and

systems designer,
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Recent innovations being investigated and developed include:

1) a touch sensitive input tablet, used to transmit data to the
computer when the surface is touched,

2) audio tape and disc storage units,

3) alphanumeric and graphic display devices,

4) 1line concentrator systems and supporting system programs,

5) instantaneous response audio units,

6) software techniqﬁes to help improve the quality of student

operation of input devices,

7) research concerned with achieving voice input into computers, and

8) mass storage methods for use with library and curriculum materials.

In addition, an in house project at N.R.C. is underway to identify
and design the necessary facilities in a C.A.L. system aimed at satisfying
the special requirements of students with learning disabilities. Initially,
this project investigated the use of automated assessment of humen abilities.
Original work centred on computerized implementation of the Peabody Picture
Vocabulary Test in co-operation with Carleton University. It has been
reported.that this automated technique has been shown to be feasible

when used with retarded children and adolescents. (Knights, 1973)

At the University of Alberta, Edmonton, exists another research centre
for computer applications in education. An IBM 1500 C.A.L. system has been

used for the teaching of: reading to young deaf children, statistical

laboratories, coursewriter programming to university students, and for

enrichment programs for secondary school students. Problems in linguistics
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~and intelligence measurement through a simulation of the Wechsler
Intelligence Scale for Children have also been investigated,

The most widely publicized research activity in Zdmonton is the
application of C.A.L. to the field of teaching and testing‘in>medicin6.
C.A.L. has been successfully used in cardiology instruction and in the
area of medical patient simulation. Another project is concerred with'
the study of eye movemant and pupil dilation by usiné a mini-computer
to monitor the video output of a video oculometer. vThese»pre‘ects have
been successful and prospscts for future developments and 1mprovements
remain bright. (Hunka, 1972)

Table Three summarizes the results of a few studies done using.C,A.L,
in various other subject areas and levels of instruction; Following are
| brief descriptions of these studiee.

Ford (1972) investigated the/feasibility of C.A.L, fof Navy
technical training. Five C.A.L. units were developed to replace 92 hours
of the classroom curriculum. The study showed thet C,A.L pupils scored
higher and learned faster, Forty-five percent less training time was
requlred ‘This was attributed in part to 1nnovat1ve branching strategles
for remediation,

Hansen, Dick;and Lippert (1968) implemented a college level physics‘
progrem using C.A.L. Thres groups of pupils were compzred: A) pupils
who received most of their instructior throuvh C.A.L., 3) tho:e re eceiving
partizl C.A.L. and partiel ¢lassroom instruction and c) tqose wno received
only classroom instruction. Cumulative results from midterm and final

examinations revealed significantly batter perrormance by the C.A.L. group.
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Adams and Morrison (1968) reported-the resﬁlts of a two }ear
experiﬁent which used C.A.ﬁe.to teach introductory Germzn. Puzils were
manhed, based on the results of a pre test in the Modern Language |
Aptitude Test. One pupil from eaéh matched pair was randomly assigned .
to a C.A.L. version of a German course and the other pupil was assigned.
" to a control group. The C.A.L. group did significantly better on tests

of reading and writing achievement. Also, performance of the C.A.L.

group did not suffer as far as conversational German was concerned.

Bitzer and Boudreaux (1969) found that a C.A.L. course in maternity

nursing provided a substantial saving in time. When delivered by CoA.L.,
the course required a maximum of fiftyvhours'compared to the standard.
eighty-four hours needed by the regular lecture presentation,

Castleberry and Logoswski (1970) reported on an evaluziion of é
course in chemistry. The C.A.L. subjects achieved significartly higher -
scores on the portions of the final examination that covered material
prasented by C.A.L. There was no difference between CDA.L.‘énd non C.A.L,
groups on those portions of the examination that covered mzterial presented
~ to groups using classroom instruction.

Even though there is strong evidence that C.A.L. helps pupils learn

more, or learn more quickly, the effect of C.A.L. on the retention of

learning is not as clearly established. Edwards (1975) for exzmple, cites

two cases cf studies showing C.A.L. as having a negative effect on retention.

ard one study reporting equal effects when comparsd to traditicnal methods.

However, a more comprehensive review including more recent stucies tends %o
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support the contention that C.A.L. will help to produce equal or better
retention éompared to traditional aporoaches. For exanple, three studies
cited in this review reported better retention through the use of C.A.L.

- [(sendals (1973), Jacobson (1975), Hill (1976)]. Although more research

is needed to clear up this issue, the key ﬂo better reientidn through
C.A.L. would seem to be effective plenning and writing of C.A.L. programs

suitable to the needs of the learner for which they are designed. A

- sometimes arbitrary, or unwarranted decision mey also make the difference

between high or low levels of retention. The selection of a eriterion

score to determine proficiency and thus;prOmotion,throughva C.A.L.
" curriculum sequence is an example of such an impbrtant decision which
may affect the outcome of a study. |
Edwards and Judd (1972) described the findings of A C.A.L. course

in special education teaching fof ﬁndergraduates.. Students were randomly
selected for placement in one}of threz groups. The first group received
a course handbook and took part in discussion classes; a seéond group .
received only aiscussion»classes, and the third group received C.A.L.

and the course handbook. The analysis of the data revealed that the C.A.L.

- group did better than the discussion groups oh post test scores in

- achievément.
Suppes and Morningstar (1970) described the study of a C.i.L. course .

in college level Russian. First, the C.A.L. course wzs found to be more

motivating than the classroom instruction of the same course. Of the

original enrollment in the C,A.L. course, 73 percent finished all three
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parts of the first year compared to 32 percent of tke pupils who enrolled -
in the classroom presenta;ion. Secondly, it was found taat C.A.L. pupils
made signilicantly fewer mistakes on the'finél examination than did
- sStudents who received regular classroom instruction.
Reviews of the literature clearly show that when C.Z.L. ié used
as an adjunct to regular classroom instruction, educational bznefits
accrue; including gains in learning, particularly for ﬁupils‘with special
needs. |
However, when Cf.ﬁ.,Lo is used as a substitﬁte for treditional .
inétruction the results of research are not as clear. For examﬁle,
Edwards (1975) in a review_Qf studies which substituted Csﬁoloiin whole
or in part for regular instruction, nine studies showed that the C.A,Lav
pupils achieved more than the non-C.:2.L. pupils, while eight studies
found little or no diffgrencee' The results of using CfA.L° as a replacement

for traditional instruction are therefore inconclusive,

Advantages of C.A.L.

Butman (1973) argues that C.A.L. is most economical and mostAef59ctive
when used in a market where a "deérease in training time or an increase in
student—téacher ratio" can be obtainedsas in spécial education'programs.
C.A.L. can reduce the overall training time by permitting each pupil to
move at his or her own best pace. Alsoy C.A.L. provides a'hecessa:y
ﬁstudent support sy3tem" which helps regulate and keep records of a

student's progress, areas of difficulty, and skills that have been mastered.
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Alsoy C.A.L. can help increase student-teacher contact tiﬁe by taking
over some of the mechanicai time-consuming drill activities. In his
study, Butman used subjects from both the top 20 perceht and bottom
80 percsnt of the claés. It was concluded that about half of the
control group who did not have the benefit of the C.A.L., did not have
the motivation or the skills ﬁd move zhead at their owm best pace
without the moniioring and reinforcement features vrovided by the
C.AcL. Also, significant reductions in training time were observedv_

in both experimental groups.

In an article entitled: A Note on'the Effectiveness of Comnuter

' ASsisted_Instruction, Fletcher and others érgue that there are strong

and consistent achievement gains by students when thay are given'C.A.L;
over a :easonable fraction of a school year. Supporting this cléim is a
list of sixtesn studies that deal with C.h.L. programs that have been .
used beneficially and effectively. The review includes a wide range
.of subject areas and multi-levels of instruction in such subjects és.
mathematics, science, nursing, and different languages. The authors
conclude that currsnt reports in the literatursz 6n C.AcLe reveal
practically no negative findings in the area of C.A.L. apwlieatibnso,
(Fletcher and others, 1972). | . |
Edwards and others (1975), reviewed the empirical studies that had
been done in order to evaluate the =ffectiveness of C.’.I. Studies
reviewed were divided into four main zreas of computer applicétionss

drill and practice; problem solving, tutorial and simulation. .In brief
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the conclusions drawn were: 1) thaﬁ C.A.L. can be an effective tool to
assist in the instruction procsss, 2) that students generally learn more
rapidly but may retain less with C.A.L. than with regular msthods,

3) that C.A.L. is more effective with low ability students than for

middle or high ability studenits, and 4) that both the students and teachers

are enthusiastic about C.A.L. as an instructional aid.

Advantages of C.A.L. Pertaining Specifically to the Field of Special Fducation

An analysis of the educational features of C.A.L. suggests many

positive factors that could facilitate learning-—especially for pupils
with learning difficulties. In addition, the learning histdries and
characteristics common to disabled 1earnérs imply that such pupils
-hay benefit from tﬁe-Special features that C.A.L. can offér.- A summary
-of Some of the advantages includé the following points. (Adapied from
Sandals, 1973 and Faford, 1973) |

l; The use of small logical steps helps the slow pupil to

| assimilate information. |
2. The pupil learns to pace himself according to his own speed.

3. There is active participation provided by the one-to-one-

relationship between pupil and interactive terminal.
4. Immediate feedback for pupil responses is given, Personalized
positive reinforcement for correct response is provided aubo-

matically when it is most advantageous, (i.e., for slow

learners at least).
.5 The programs may help increase the pupil®s attention span by

focussing the attention and by reducing distractions.
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6. The immediate feedback and necessary interaction with the
computer may facilitate emotional and academic independence.

7. Th2 program is infinitely patient regarding pupil mistakes.

It is consistent in never scolding, and in providing positive

reinforcement.
8¢ The teacher is freed from scoring tests and routine presentations
. and spends more time with learners who are having difficulty.
9. Higher motivation for learning may result from CoAcL. and this

may carry over into other course areas where improved behavior

may be observed. _

10, Record keeping and evaluation may be done automatidallyo
This may facilitate diagnosis and the prescription of specifig
learning disabilities and may eventuaily lead to curriculum
and instructional improvehments for slow learnars.

i 11, It can provide individualized instruction to a large number

| of pupils daily.

As can be seen, the first four points are derived froﬁ programmed

instruction and operant learning principles. Point number five refers

to a motivational factor and possibly a “controlled reading effect”

in the constant rate of word printing, and a blocking out of dis-
tractions due to the sound of the automatie printing. Point number

six traces back to operant learning as well as suggesting that less

dependence on the teacher may result. Points seven and nine refer

to motivational and interest states being kept at a high level because
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of the consistent'treatment of the lezrnsr with respect io thé computer.
Points éight, ten, and ele;éh are basically items of convenience and .
efficiencyvavailable througa the use of C.A.L.

Many of these adventages would also be valid for the general
population aslwell, although they have been éompiled with special

educational students in mind.

 SUMMARY | |
- It has been stated (Atkinson and Wilson, 1969) that the grea£

‘potential of C.A.L. is its capacity to individualize in_structio‘°
This %s considered true, espescially when apélied to special education;
therein épeéial considerations and factors make C.A.L. more feasible
and justified. These special factoré include spaeial leérning,and’
instructional néeds of disabled learners, lack of sufficieﬁtly trainesd
special education teachers, lack of facilities and equal opportunities
(Butman, 1973; Sandals, 1973; Fafdrd, 1973). In any case, it should
be emphasized that appropriate use of the computér should involve
fulfilling instructional tasks that cannot.be performed as well using
other approaches. |

In summary, a review of the literature supports the céntentions thaﬁ:

1. C.A.L. is an effective educational tool when ﬁsed ﬁisel ;

2. Attitudes of pupils, parents and educatofs are, in general,

| favorable towards C.A.L. | o | |

3. CoA.L. seems to be effective generally, but mbst'effectivé when

used for pupils with special needs.
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C.A.L. helps to reduce the‘amount pf time needed for instruct{on
compared to tradiéional methods.

C.A.L. helps to increase achievement across meny subject r~rers.

It is most effective for pupils workiﬁg under special circumstances,
The issue-qf the relationship between C.A.L. and reﬁention

of learning is not clearlyvresoived. There is recent evidence,
however, to suggest that if carefully planned.phd apnlied, C.A.L.
will promote high levels of retentioﬁa | |
Careful application of C.A.L. will lead to cost~effectiveness.

C.A.L. is most cost.effectivé'in special education programs.- -

I% has bgen shown, therefore, that C.A.L. is a viable method of

instruction in both the ubgrading of basic mathematics ahd.languaqe

skills through the mode of drill and practice. It is alsc clear that

C.A.L, is a useful teaching aid suitable for use with nupils who suffer

from learning disorders because the unique instructional and motivational

features help to mest the speciél needs of pupils.withvlearning problems,

.In the past, very few studies have investigated the use of C.A.L. iﬁ

- both mathematics and language skills directly in a school setting with

a sample of pupils who exhibit an extremely wide range of learning

problems., It seems reasonable and desirable, therefore, to undertake

such a study, -
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CHAPTER IV

METHCD

The Problem

The literature shows only a few studies concerned with the application
of C.i.Le in basic arithmetic and spelling skills for pupils with learning
difficulties. Only a small number 6f these studies have involved a

population with as wide a range of learning problems as ths population of

Central North School. In general these pupils have eyperienced diffiéulty ‘>
learning basic facts, concepts, rules, and procedures in one or both core .
Asubjects of spelling and arithmetic. Their arithmetic and reading.levels
“are generally two or more years below their expected levels according to
' their age. Therefore, it seemes both practical and reasonablé toviﬁvéstim _»
ga@e whether C.A.L. éould help these pupils in the‘learning'of their basicrf 
skills of addition, subtraction, multiplicatidn, division, fractioﬁs, -
decimals, and spelling. |

A main objective of this study was to evaluate the effecti&ehess of

C.A.L. as a way of improving the individualization of instruction.'

Computerized drill and practice exercises were used in an attempt,to'help 
‘pupils strengthen and upgrade the above-mentioned basic skills. It is
important to note that the concepts and skills in question had been

introduced and taught in previous grades and classes by classroom instruction,

but the pupils had not been able to gain mastery of them.

Specifically this study attempted to answer the following Questions:
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1) What conclusions can be drawn from previous research in'C.A.L.,and
for pupils with learning disabilities?

2) Can C.A.L. help pupils with learning disabilities improve their
learning of basic computational aﬁd spelling skills?

3)‘Can these skills be retained by these pupils over a period of time,
after the experimental treatment has ended? |

Research Hypothesis

If three randomly selected groups of pupils with learning problems
received regular classroom instruction in arithmetic and 1anguage_afts and
if two of the groups received additional help via C.A.L.,_one doing'basic
‘arithmetic skills, the other doing spelling through C.A.L., then there will
be significant differences between the three grouvs iﬁ achievement over time
in favor of the C.A.L. groups for both arithmetic and spelling as measured by
- standardized achievement tests, | |

Specifically the following null hyvotheses will be tested for both
arithmetic and spelling achievement scores:

Null Hypothesis (1)

There will be no significant differences between the treatment effects
(mean scores) of the levels of factor A (experimental versus control group
means ),

Null Hypothesis (2)

There will be no significant differences between the treatment effects
(means) and the levels of factor B (over time).

Null Hypothesis (3)

There will be no significant differences between the experimentzl and
control treatment effects (means) with respect to a) arithmetic and b) spelling

. achi.evement scores over time, -
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The Sample
Description of the Research Setting——Central North Upgrading School

Central North Bpgrading School is a special education program for
pupils who have wide varieties of learning problems. The school provides
a modified curriculum concentratihg rrimarily on the twb.core subjects of
arithmetic and language arts. Intensive remedial work is undertaken by
the pupile in the two core subject areas under the guidence and supervision
of highly skilled teachers who spend much'iime diagnosing weaknesses, nrescribing.
individualized remedial exercises, and interacting with the pupils frequentlv
‘on an individual basis. The groups are kept as small as poss1b1e (the
maximun group size being 20 pupils) to help ensure a high degree of teacher-
pupil interaction.‘ The classes are mixed--male and female.

A key objective of the program is to help the pupils improve in the
area of social skills and interactions with others, Another main objective
is to help students upgrade their basic zcademic skills'so that they may
be better prepared to re-enter the mainstream of regular academic or
vocational}education. To accom?lish these goals, much effort~is put into
helping pupils improve their attitude towards themselves and others, and
'their motivation to learning and self-improvement, A key method in
5 accomplishing these goals is to allow (as much as possible) each pupil
to gain a measure of success in the learning process; CoehoLo wWith its
capacity to meet specific edﬁcational needs of individuals through
intricate remediation procedures, a high degree of 1ndiv1duallzed instruction
and hlghly motivational activ1ties, may provide great help to disabled

learners in gaining positive and successful learning exveriences,
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Description of the Pupils Involved in the Study

- -As previously mentioned, the.sample of this study was dramm from the
vopulation of pupils from Central North ﬁpgrading School. In general, the
population consistslof approximately 150'punils who have a lengthy history
'of‘learning difficulties. Included are pupils who have snecific 1earning‘
disabilities, low mental abilities, social difficulties, behaviér diéorders,
and emotional and psychological problems, Typically these pupils are one
or more years behind in regular academic development and often have a
- poor attitude towards themselves, others, school, and'leérning in general,
Functioning in regular school programs has been difficult if not impossible
for these pupils., In general, these pupils come'from families of the |
middle or lower socio-economic classes, Many of these families receive
some form of social assistancé. A large number of these pupil§ are
juvénile offenders—many of them coming from.brokeh homes‘or singie parent
families, The ratio of boys to girls in the school population is aporox-
imately two to one. |

| The sample was set up in tﬁe following manner: v

From the total population of épproximately 150 nupils, aonroximately
teﬁ were screened out of the study previous to the random selection of
pupils according to the following criteria: -

1) Pﬁpils who were 18 years old or older.

2) Pupils whose I.Q.‘scores were in the higher than normal renge

(i.e. higher than they90-109 I.Q. range).

3) Pupils who were excessiveiy truant.

.Included in the sample were puplils who fulfilled the following criteria:

1) Male or female between the ages of 10 to 17 years, 11 months.
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2) Minimum reading level of grade II as determined by the Canadian
Tests of Basic Skills and the reading tests administered by the
Reading Resource Teacher.,

3) Minimum arithmetic 1eve1'of grade IT (familiarized with the concents
of addltlon, subtractlon, multiolication and division) as determined
by the Canadlan Test of Basic Skills and various other tests as
administered by the arithmetic resource teacher,

L) History of past failure or difficulties in previous grades,

From the remaining 140 students, a total sample of 75 subjects ﬁas
randomly chosen, Originally, there were 46 boys and 29 glrls in the samnle.
Their ages ranged from 12 to 17 with a mean age of 14. 9 vears. Themr T.Q.'s
ranged from 64 to 108 with a mean I.4. of 86.8, although some of the scores
may have been outdated or doubted as to their accuracy. FEach subject was |
randomly assigned to one of three groups. The groups were then fandomly
selected as a non-C.,A.L. group a;d two experimental groups. Descriﬁﬁi?e data
for each treatment group is summarized in Table Four. B |

A T-test was calculated to ensure that the means of the three grouns
were not significaﬁtly different (p<:.05). The treatment for experimental
group 1 consisted of C.A.L. in basic comnutatlonal skills of addltion,b
subtractlon, multlpllcatlon, division, fractions and decimals. The treatment
for exper1menta1 group 2 consisted of C.A.L., in 51mnle spelling drills, ‘All
three groups continued to receive regular classroom instruction in order not
to interfere with the regular dayato-day routine of the school. Durlng
regular classroom time, the two experimental groups received computer
assisted drills in spelling and arithmetic on an individual basis.> The C.A.L.
spelling group received spelling drills only and the C.A,L. arithmetic group
received arithmetic drills only. A summary profile.for each sueject is

provided in Appendix A,
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TABLE FOUR — Descriptive Data for Each Treatment Group

"~ MEAN ACHIEVEMENT

SEX AGES SCORES 1.Q.
GROUP M/F RANGE /MEAN ARITH/SPELLING ~ RANGEAMEAN i
1. C.A.L. Arithmetic 13/11 12-17/14.8 - 4.950/5.142 O 67-105/81.3
2, C.A.L. Spelling 14/10.  12-17/15.0  4.792/4.829 64-105/86.2

3, NonCoA.Le 16/8  13-17/15.2  4.888/4.929 . 64-108/89.9
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Limitations of the Sample

* O ———

Since the purpose of %his study was to evaluate the merits of C.A.L.
for pupils with various learning problems, it was necessary io have large
groups in order to ensure the validity ofvcomparisons between groups.

A total sample sizé of 75 was chosen representing approximately 504 _

of the total school population, This meant that two groups of 25 pupils
dr 50 pupils received C.A.L. Since we were'équipped with only one |
computer terminal it was impossible to allow each pupil_to receive daily
instruction using C.A.L. inva regular school day.  Therefore, §ecéuse of
the large sample, it was only possible to schedule individualiied computer
"drills for each subject on an every second‘day basis,' Tnis factor greatly
limited the émount of computer contact time per pupil per week.

Other factors such as variability in amoﬁnt of instruction receivad
in classroom instruction and the Qﬁality-of instruction as varied from
one teacher to another could not be conﬁrolled for directly; since this
would disrupt the rsgular schedule and normal procedure‘of_thé existing
school program. However, it is believed that the random sslection
| procedures used in chgosing and grouping the subjects would sufficiently
. control these variables. |

Other limitations were imposedbby the prerequisites of a minimum
reading level and arithmetic level of grade two, and the restriction of some
puonils whose I.Q. scores fell in'the higher than normal range. Fortﬁnately,
6nly a few pupils ware screened out because of tﬁese facﬁorse Thué,
although the sample cannot be considered as typical of the pupil population,
it can bes considered to be mors typical of the genargl populétion of those

pupils who have learning problems.
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Instructional Prosrams

Four arithmetic and two spalllng programs were usad for C.A. Le
this study. Examples and detailed descriptions of these programs can be
found in Appendix 3. All of these programs were written in a high level
computer language called BASIC. These programs were either written or
adapted by the experimenter or 6ther(specialveducation.teachers,}fAll of
the programs were introduced, used and refined during the demoﬁstration
stage of ths project for flve months prior to this study."The readability E
of the programs wsre kept sultaoly low for even the weakest readers. . In‘i~'
.fact very little reading was necessary except for the instructions to thé
- student. Once familiar with the programs and their instructiOnég the |
pupils experienced few problems in the use of the drills, |

The programs used a highly personalized format bj storing the pupil's
name and using it in dialogue W1+h the subject at evevf onport.mlty°
Reinforcement of correct responses were made with light or sometimes
amusing comménts often addressing the rpupil by name, for example:
“Right on Johnnj, keep up‘thé good work!" '

as mentioned earlier, the entering behavior expected for pupils
 doing arithmetic drills was approximately.a grade two arithmetic lévelo
This basically entails a familiarity with the coﬁcepts of addiﬁion, |
subtraction, nultlpllcatlon and division. For the beginning programs.in
spelling, a reading level of anprox1mat=ly grade t'o was required to
ensure that the pupils could recognize most’ of the words and understand

their meanings.
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Addsan, Subtsan, and Multsan are simple branching programs in the
basic skills of addition, subtraction, and multiplication. These drills
are "self-constructed" in the sense that the pupil or the supervisor at
the terminal could choose the appropriate level of difficulty and
complexity of the questions attempted. For example, in Multsan it was
possible to choose the number of questions to be done in the drill up to
a maximum of ten, the number of digits in the top number up to a
maximum of five, and the number by which to multiply from one to nine.

~ In each of these drills the proper method of cgrrying, borrowing, or
regrouping in the adjacent columns was emphasized and reinforced by the
printing of a question mark for each column., Each problem was randomly
generated, and the reinforcers delivered after successful completion
of each question was also randomly chosen from a pool 6f six carefully
worded encouraging statements for satisfactory performance. Hierarchies
of math (Hill, 1976) and spelling skills were developed‘and used to help
pinpoiht the particular skill and level of difficulty upon which each
C.A.L. pupil would start. The hierarchy made it very simple to keep track
of where each pupil Qas working and to check’on‘individual progress. A
copy of these hierarchies can be found in Appendix C.

Divide is a program in long division which offers practice in the
division of whole numbers. Pupils are offered up to 15 randomly generated
questions with the option of whether decimals are to be involved. Another
option allows the pupil to choose the number of digits in the divisor
and dividend within the limits of one and nine. In this drill it is

usually necessary to use paper and pencil or chalk and chalkboard to
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carry out the steps entailed in the division algorithm.

In "Spel 128" a set of four words were presented to the pupils.
Originally, there was one drill consisting of twenty questions, each
céntaining four word items. The words were selected from a list of
spelling words called the Dolch Basic 2000 which were graded from grade two
up to the grade six level. Each set of four words had either one or no
misspelled words in the set.

The pupils were asked to identify by number the misspelled word if
one existed in the set. If the first response was incorrect, the pupil
received a second chance., If he made'a mistake on the second response,
the number of the misspelled words was given at thetelétype terminal.
After identifying the word by number the pupil was asked to spell it
correctly., The pupil's input was then checked for accuracy and randomly
selected reinforcements were provided if the pupil had spelled the
word corfectly. If not, the computer would then give the correct
spelling. A

Spel Bl is a spelliﬁg drill in which the pupil is offered ten drills.
Each drill deals with a set of common everyday words which are often
miéspelled. Each drill consists of five questions., At the end of each
drill a report is given on the results of the drill including the number
of words attempted, the number of words spelled correctly, the percentége,

and a message to the parents. Also, provided is a list of words with which
the pupil had difficulty.
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Measuring Instruments

Criterion scores on standardized reading tests and arithmetic tests
which had been administered previous to the study were used to determine
which pupils had the reading and arithmetic levels necessary to take
part in the study. These test results were avallable in school cumu—
lative files of pupil progress and through classroom teacher's records.
In our school the reading resource teacher and arithmetic-lab teacher

maintain an on-going testing program throughout the school year., In

addition,%~ the Canadian Tests of Basic Skills is administered by the
school division to all elementary and junior high aged pupils at the
end of each school year., Therefore, the students are familiar with
the practice of taking standardized tests, and there are usually as many 5
as four or five test scores per school year upon which to make a grade
level assessment,

The Stanford Achievement Test (S.A.T. 1964) and (S.A.T. 1973) were
chosen as the criterion tests to measure the grade levels attained
on pretests, post tests, and rétention test administrations during
the course of this study. Specifically the mrithmetic subtest of

computational skills from (S.A.T 1964)and the subtest for spelling

(S.A.T. 1973), were used mainly because these two subtests most closely
resemble the actual skills and concepts practiced in the computerized

drills. A second advantage in using the S.A.T. was its availability

in four parallel forms for S.A.T. 1964 and two forms for 1973, thus

facilitating retesting as desired, using one form €ach for pretest 1,

pretest 2, post test, and retention test. A third advantage of the




67,

S.A.T. is the range of five choices for levels of difficulty from primary
to advanced, thus allowing a choice of test level appropriate to the
ages and achievement levels found in our sample. A fourth advantage of

the S.A.T. is the fact that its design and format are age and maturity

level appropriate. This helps to guard against negative feelings arising
in the pupils during the test situation. In other words, the appearance
of the test can be controlled according to the age and maturity of the

pupil so that it does not have the appearance of being "too hard", "too

easy", "too advanced", or "too infantile",

Reliability and Validity

Concerning the reliability and validity of the S.A,T., few studies
and data are available regarding the 1964 edition. However, in response
to some criticism, the authors have provided more information in the
1973 edition. In general; because of the advantages mentioned above,
this researchef considers the S.A.T. to be the most suitable for the
content and type of pupils being taught through C.A.L.

Content validity, that is the extent to which the content of the

tests constitutes a representative sample of the skills and concepts

that are the goals of instruction, was judged to be extremely high.
In the 1973 edition in particular, instructional objectives for each

subtest are provided in the manual. Using this information to compare

the tests' content with the school's curriculum for both spelling and
arithmetic computation, accurate judgements regarding content validity

can be made,
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In general, the format is excellent in its presentation of basic
computational skills. Several reviewers were impressed by these tests,
and by supporting material that the publishers provide. [Harold
C. Trimble: and Peter F. Merenda in Buros (1972)].

"In providing a measure of that phase of the traditional mathematics
curriculum known by the general term arithmetic, the 1964 Stanfofd Achievement

tests continues to be outstanding among tests of its kind." [(Miriam M,

Bryan,in Buros (1972)].

Apparatus

The computer used in this study was a Control Data Corporation
computer-model number 6500, This computer is owned by the Province
of Manitoba and operated by Cybershare Ltd., formerly Phoenix Data Ltd.

The instructional terminal consists of a model 33 hardcopy teletype

terminal. This type of terminal has the advantage of supplying a

hardcopy printout of the instructional sequence. Two copy telex paper

was used in order to obtain the printout of each drill in duplicate.
In addition, this type of terminal seems to have the added advan-

tage of helping the pupils to concentrate on the lesson because the

left to right printing activity seems to imitate the effect of a
controlled reader. The terminal was placed in a small room constructed

especially for the computer. The computer room was built away from the

regular classroom at the end of a hallway.
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Computer software, used in this study, were the drill and practiee
programs which have been described and documented earlier in this
section. As mentioned previously, these programs were written in a

powerful high level computer language called BASIC.

Administration and Procedure

(1) Procedure

The study began on February 21, 1975 and continued until June 10, 1975.

‘The duration of the experiment was 15 weeks. A timetable outlining the
main events and procedure of this study can be found in the flowchart

in Figure 1.

(2) Pretest Administrations

Pretest 1 was administered on Friday, February 21, 1975 from
1:00 p.me to 3:00 pems One week later on Friday, February 28, 1975,
pretest 2 was administered between the same two times. The tests
consisted of the Stanford Achievement computation and spelling subtests.
For pretest 1, Form X was used while for pretest 2 a parallel form,

Form W was used, The tests were administered by the experimenter while

three school paraprofessionals served as proctors for each test session.
The entire sample of 75 pupils was tested all at one sitting, as was the
case during the three subsequent test administrations. All testing

was conducted in the same location, a large three classroom sized open

area which normally serves as the school's reading lab., Four subjects

who missed the pretest 1 were tested the following Monday, February 24,1975
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from 1:00 p.m. to 3:00 peme While six subjects who missed the pretest 2
session were tested on Monday, March 3, 1975 during the same time slot
as for the regular session.

All the tests were divided into two equal groups at rendom. The
experimenter scored one half of the tests while a paraprofessional scored
the other half, All raw scores were converted to grade isbore equivalents
by means of a table of conversion supplied in the test's administration

manual, (All raw scores and conversions were rechecked by the experimenter

for all four sets of tests. After all scores and conversions were rechecked,
the statistical analyses were computed.)

(3) Scheduling of Computerized Drills

Each pupil receiving C.A.L. drills was scheduled for a ten minute
session on the teletype terminal every other day on a six~-day school cycle.
These drill sessions were given between 9:00 to 12:00 a.;. and from
1:00 to 3:30 p.m. As mentioned earlier, the C.A.L. was a supplement to

the regular classroom instruction for the two C.A.L. treatment groups:

C.A.L. arithmetic and C.A.L. spelling. Pupils in these two treatments
were scheduled for C.A.L. at random throughout the school day so as to

minimize the extra time devoted to one of these subjects. Pupils in

the third treatment group received only regular classroom instruction
in both arithmetic and spelling.

The non-C.A.L. group was used as a control for the C.A.L. arithmetic

group and the C.A.L. spelling group. Also, the C.A.L. arithmetic group
served as an additional control for the C.A.L. spelling group on spelling
achievement scores and vice versa. By this means, the study controlled for

some Hawthorne Effect.
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FIGURE 1

Flowchart of Procedure

pretest 1
Feb, 21
‘L C.A.L. Schedule
pretest 2 \
Feb, 28 7 1} March 3-7 (1)
2) March 10-14
3) March 17-21
L) March 24-27
March 31-April 4
NO C.A.L.
EASTER BREAK
5) April 7-11
6) April 14-18
7) April 21-25
8) April 28-May 2
9) May 5-9
10) May 12-16
post-test
May 20 Vd
N\

retention test
June 10-1L4
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Also, with the Hawthorné Effect in mind, all the pupils who were
possible candidates for the study had been desensitized to the novelty
of C.A.L.‘by their previous exposure and practice for a period of five
months before the experimental study began.

An examination of results of previous C.A.L. arithmetic and
spelling drills, plus analyses of pretest scores and other diagnostic
measures helped to establish the level of difficulty upon which to begin
each subject. This procedure helped eliminate unnecessary drill on skills
already mastered,

. A criterion of 80% achievement was established for advancement to
a higher levelvof drill difficulty. This criterion score was chosen mainly
to stay consistent with criteria used elsewhere (arithmetic lab and other
remedial ppograms) within the school,

A criterion score used to determine proficiency can be considered as
an informal test situation. Some experts have stated that with regards to
informal testing of reading comprehension, 85% accuracy can be considered
as good comprehension (Bond and Tinker, 1967). It is reasonable, therefore,
to generalize this criterion from reading comprehension to mastery of
spelling and of concepts and skills iﬁ arithmetic. Keeping in mind that
this criterion is set for the gegeral population it would be reasonable,
therefore, to adjust it down slightly to 80% for pupils with learning
problems.

Although others (Johnson & Kress, 1972) consider that criterion
scores used to determine independent levels of proficiency should be no -

less than 90%, it can be argued that a downward ad justment should be made
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in consideration of the special needs or problems encountered by pupils
in special education. The teachers at Central North consider the 90%
level too rigorous an expectation. A pupil with special needs can and

often does make "careless" mistakes due in part to a slip, often

understandable in light of his disability, while also making "honest"
mistakes due to insufficient knowledge. An expectation of 90% does not
allow for more than one error of any type since most of our drills

consisted of ten items or less. It was felt that such a high expectation

would probably lead to high incidence of frustration and failure to
progress, aﬁd thus adversely effect learning.

A1l subjects wefe asked to graph their own daily achievement scores.
Since the hard copy print-out was made in duplicate, one copy was filed
and the other copy was kept and used by the student. In this way the teachers,
pupils, and this researcher were supplied with two daily checks as to the

progress of each pupil,

L) Daily Management by Student Volunteers

During the five month demonstration stage of this project, a group

of our older students, ages 15, 16, 17 had been trained and gained valuable

experience in supervision of pupils at the computer términal. Their main
functions were: +to manage the pupil drill sessions with the computer

terminal, to ensure that a subject was ready and waiting to take his or

her turn as soon as the previous subject was finished, to help keep records

of pupil attendance and progress, and to help answer questions regarding
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the use of the computer terminal. During this time these supervisors
were allowed to sit at the terminal with the pupil. This was permitted
to allow the pupils to become familiar and comfortable with the use of
the terminél.

During the experimental study two_older students continued to be
present in a managerial and supervisory role. However, during this time

they were not allowed to sit with the pupils on a continuous basis. Pupils

were allowed to consult these supervisors as to which drill or level of

difficulty was to be attempted, but no prompting within the drill was

allowed on the part of the supervisors. The main reason for this was to
ensure independent thinking so that maximum benefits would accrue to the

subjects taking the drills,

5) Post Test and Retention Test Administrations

The same testing procedure and location was used for the post test

and retention test as was used for the two pretests. The post test was
given on Tuesday, May 20, 1975 from 1:00 p.m. to 3:00 psm. and the
retention test was given three weeks later on June 10, 1975 during the

same time period. During the retention period of three weeks no subjects

were allowed to take any C.A.L.; however, many of them asked why they
could not continue. These subjects were told that they had finished their

turn and that other pupils who had been waiting were being given a chance

to try C.A.L. As in pretest l2and pretest 2 the tests were divided into
two groups at random so that the experimenter scored half of the tests

while a paraprofessional scored the other half. All raw scores were
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converted to grade score equivalents by means of the table of conversion,
supplied by the test's administration manual. All raw scores and conver—
sions were rechecked by the experimenter for all four sets of tests., After

all scores and conversions were rechecked and recorded, the statistical

analyses were computed.

Statistical Procedure

Statistical analyses were performed on the data ebtained from seventy-

two subjects. Since two subjects dropped out of the study, one from each

treatment group, one subject was subsequently dropped at random from the
control group in order to keep the three groups equal at twenty-four

subjects per group.

Analyses of Yariance for Repeated Measures Over Time

The tests for significant differences over time using the repeated
measures of pretest 1, pretest 2, post test, and retention test mean ?
scores for both arithmetic computation and spelling were performed using
the Analyses of Variancé for Mixed Designs Program. The computer at the

~ University of Manitoba was used for this purpose.

The statistical analysis consisted of two separate 3x/ analysis of
variance designs for repeated measures over time. One analysis of variance
dealt with achievement in arithmetic as a dependent variable, and the

second analysis of variance examined achievement in spelling as a

dependent variable of achievement. Three completely randomized groups

were randomly assigned to C.A.L. arithmetic, C.A.L. spelling and non-C.A.L.
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group treatments. A diagram of the data treatmenﬁ‘design can be found
in Appendix D. -

The following are the hypotheses for the two-way ANOVAS for repéated
measurés over time for-both arithmetic and spelling: '

If three groups of pupils with learning problzams are administéred'
standardized achievement tests in arithmetic and spelling before and after’
a ten week treatment period during which group l.receivad C.a.1, iﬁ'
arithmetic, group 2 received C.4A.L. in spelling, and group 3 receiﬁed‘
regular classrbom instruction only, then thgre will-be significant -"

differences in achievement mean scorses between:

'1) Treafment effects over 1eveis of factor A, (significant mean differencés
between groups, i.e. between i) the Coh.Le arithmetic group and ihe CGA.L.
speliing group, ii) between the C.A.L. arithmetic group and the nonsC,A.L.
group, and iii) between thé C.A.L. spelling and the non-C.A.L. gréup);y
2) Treaztment effects ovér levels of factor B (significent mean differences
over time between i) pretests ang post tests and ii) between preﬁests and
fetention tests). x | | | |
3) Experimental.and control group treatment effects with respect ﬁo
arithmetic and spelling scores over time. | o

The follo#ing afe the statistical hypotheses for both spelling énd.
arithmetic tsing.the aﬁalysis of -variance for repaatéd‘measureé (BXA-design). .
Complete discussions of derivations and formulae can be fgund in Winer (l97l) 

Chapter L.
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1) Null Hypotheses Ho: A = pé =d§ =0

There will be no significant differences between the treatment effects
(mean scores) of the levels of factor A (experimental versus control group

means ).

Alternative Hypotheses Hi: not Ho
There will be a significant difference between the treatment effects
of the levels of factor A.

2) Null Hypotheses Ho:ﬂ:L =,% =ﬁj =/91+ =0

There will be no significant differences between the treatment effects

(means) of the levels of factor B (over time),

Alternative Hypotheses Hi: not Ho

There will be significant differences between the treatment effects ?
and the levels of factor B.

3) Mull Hypotheses Hi:eX\ B, = 4 B= Af ~AB oLf - ... =Af, =0

There will be no significant differences between the experimental and
control group treatment effect (means) with respect to a) arithmetic

and b) spelling scores over a period of time.

Alternative Hypotheses: Hi: not Ho

There will be significant differencebetween the experimental and
control group treatment effects with respect to a) arithmetic and

b) spelling scores over a period of time.

The results of the Analyses of Variance were examined and the
Newman-Keuls aposteriori probing technique was used to determine whether

significant differences existed between pretests, post test and/or retention




78

test. According to Winer (1971), with equal sample sizes it is best to
use treatment means rather than treatment totals.
Thus, using the Neuman-Keuls method, the following treatment means

were compared:

Ho: His
(pre 1) il = fz (pre 2) or T('l ;é}?z
Xl =X3 (post) or X ;4X3
Xy = X, (ret) X] # X,
X, = x3 X, # X,
X, = X, X, # X,
X3 = XL; or X3 # le | ‘

Comparisons were made between pre tests (1 and 2), post test, and
retention tests at .05 and Ol levels of significances,

Further analyses of the results were made by means of the test for

simple main effects. If the interaction of factors A (treatments) and
B (time) is significant, it is normal procedure to test for simple main

effects. Since this investigation showed significant interaction in

arithmetic at the .0l level and a lesser significant interaction for
spelling at the .10 level, tests for simple main effects for both

arithmetic and spelling were performed, For spelling the results of
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these tests will serve for deseriptive purposes only.

Intercorrelations between: 1) pretest 1, pretest 2, and post test,
2) pretest 1, pretest 2, and retention test were determined for descriptive
purposes for both arithmetic ahd spelling. These intercog?elations were
computed for experimental and control groups. Results of these inter-
correlations may help to account for increasses in scores between pretests
and post tests, and pretests and retention tests, Specifically, this
correlational data may help to indicate if incresses in scores between
pretesté and post test, and pretests and retention tests, may be due to
~overall treatment effects,

Also, correlations between arithmetic and spelling scores for each
of the three groups are presented for the following comparisons: pretest 2
‘in arithmetic versus pretest 2 in spelling, post test in arithmetic versus
post test in spelling, and retention test in arithmetic versus retention
test in spelling., These results are presented and discussed for deseriptive

purposes in Appendix E,
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CHAPTER V

RESULTS

The results of this study are presented in this chapter. A detailed e
discussion of the results relating to the hypotheses will follow in the
discussion section of this thesis.

Tables of raw data can be found in Appendix F, The test scores are

presented in the form of grade scores(years/months). ‘The means, variances,

and standard deviations are also presénted in Appendix F. As stated
previously (in Chapter IV), the three main nuli hypotheses for the
Analyses of Variance for both arithmetic and spelling are:

1) There will be ﬁo significant differences between the treatment
effects for the levels of factor A (experimental versus control means).

2) There will be no significant differences between the treatment
effects for the levels of factor B (over time).

3) There will be no significant differences between the experimental -
and control group treatment effects over a period of time (interaction of

factor A with factor B over time),

Analysis of Variance for Arithmetic

The summary table for the Analysis of Variance for arithmetic can be

| found in Table Five. The critical value for hypothesis 1 was L4.95 at the

.01 level of significance (df = 2, 69). Therefore, since the observed
F ratio was 0,37, there were no significant differences between the

experimental and control group means. Thus, Null Hypothesis 1 was accepted,
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The critical value for Null Hypothesis 2 at the .0l level of significance
was 3,88 (df = 34207). The obtained F ratio was 7.03 indicating significant
differences between the means of the levels of factor B. Aposteriori

probing techniques are needed to determine where the difference(s) lies.

Null Hypothesis 2 was therefore rejected and the Alternative Hypothesis
- accepted,

For Null Hypothesis 3, the critical value needed for significance ét
the .01 level was 2.89 (df = 6,207), The F ratio obtained was 4,10

and thus showed a significant interaction effect at the .01 level. Null
~ Hypothesis 3 was therefore rejected and the Alternative Hypothesis was

“accepted,

Analysis of Variance for Spelling

The summary tables for the Analysis of Variance for Spelling are
presented in Table Sii. The results for spelling are similar to the
results for arithmetie. Since the~number of subjects per groun was the
same for both spelling and arithmetic the critical values for all three
spelling hypotheses aré the same as those for arithmetiec,

For hypothesis 1, the obtained F ratio was 0.11. Since this is

smaller than the eritical value, the Null Hypothesis was accepted,
For hypothesis 2, the observed F ratio was 10,24 which was

significant at the .0l level. The Null Hypothesis was rejected and the

Alternative Hypotheses was therefore accepted,
For Hypothesis 3, the observed F ratio was 1.86 which was significant
at the .10 level only. Since it was not significant 2t the .05 or .01

levels, Null Hypothesis was therefore accepted,
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TABLE FIVE

Analysis of Variances Summary Table for Repeated Measures Design (Arithmetic)

Source of Sums of Degrees of Mean F

Varigtion - Squares Freedom Square Ratio

A (treatment) 6423 2 3.11 0,37 ’
Subje W groups 588,91 69 8454 |
B (math scores) 3.79 | 3 1.26 7,03 * ;l
AB hekh2 6 O.74 - LelO0 * §A
X subj. w. groups 37421 | 207 0.18 f
TOTALS | 640456 287

* p<,01




TABLE SIX

Analysis of Variances Summary Table for Repeated Measures Design (Spelling)

** D ol0

Source of Sums of Degrees of Mean F
Variation Squares Freedom Square Ratio
A (treatment) 1.91 2 0.95 0l.11
‘Subje W. groups 617.73 69 8.95

B (spelling scores) 5.88 3 1.96 10,24 *
AB 2.13 6 0.36  1.86 #x
X Subj. W. groups 39.62 207 019

TOTALS 667,27 287
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Post Hoe Tests

Significant differences were found between the levels of factor B
(over_time) for both arithmetic mean scores and spelling mean scores,
The Neumaaneuls,probing technique was used to determine where the
differences occurred The data for this test can be found in Table Seven
for arithmetic and Table Eight for spelling,

In this technlque the computed values in part (iii) (the eritical

values for the ordered dlfferences between pairs) are compared to a

difference in ordered means (i). If (i) is greater than or equal to
(i1i) then there is a significant difference indicated. In Table Seven
for arithmetic, significance was observed between pretest 2 and both post
test and retention test—all at the .01 level of significance. A lesser
degree of significant difference at the «05 level was found bétweenﬁ
pretest 1 and post test and between pretest 1 and retention test,
For spelling in Table Eight, significance was observed between:
pretest 1 and post test 2y pretest 2 and post test, and pretest 2 and
retention test;—all at the .0l level of significance.
'Tests for simple main effects were performed in order to answer the

following questions:

(1) are there differences between:
al, a2, and §3 at bl or
a9 a2,‘and a3 at b2 or
al? a2? and a3 at b3 or

(2) b%, 22? §3 and bh at a, or
bl’

bl’

b b3 and bh at a, or

2! 2
b2, b3 and bh at a3.
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TABLE SEVEN

Newman-Keuls Test for,Differencés Over Time Using Treatment Means (Arithmetic)

by by by, bs
Ordered
Means Lp.88 l+.98 50114. 5016
by by by, b3
(1) b, - .10 26 .28
by - .16 .18
b, - .02
(11) Q.95 (r,207) 2.77 3.31 3.63
Qe99 (r,207) 364 Lel2 LeLO
(1ii) S, 9495 (r,207) o1 .16 .18
B
S_ qe99 (r,207) .18 o21 «27
B
b, by b, by
pre 2 pre 1 (ret) (post)
(iv) b, (pre 2) ** *x
bl (pre ]_) ’ * . *
by, (ret)

* p~<.01




TABLE EIGHT

Newman-Keuls Test for Differences Over Time Using Treatment Means (Spelling)

2 1 L 3
Ordered
Means Le97 5.09 5¢22 535
b2 bl bh b3
(l) b2 - .12 025 038
bl bl 013 026
bl{. - 013
(i1) qe95 (ry207) 2.77 3431 3463
Qe99 (r,207) 364 Lel2 Lo 40
(iii) s_B_ qe95 (ry207) ol 017 .19
S_ q.99 (r,207) 19 21 23
B
b, by b, by
pre 2 pre 1 ret post
(iv) b, (pre 2) * *
by (pre 1) *%
by, (ret)
* P <05

*% p <ol -




The results are shown in Table Nine for arithmetic and Table Ten
for spelling. An analysis of the data in Table Nine shows arsignificant
difference over time in favor of the CﬂA.L. math group and a significant
interaction at the .0l level. Hence the experimental data tends to

reject the hypothesis that there aré no differences in the effects of

factor B (time) when observations are made at level ay (i.e. treatment 1,

C.A.L. mathematics).

The results shown in Table Ten for spelling indicate a significant
difference over time at the .0l level and a significant interaction
effect at the .10 level., Therefore, the hypothesis that there is no
significant differenée in the effects of factor B (time) when observations
are made at level a, (i.e. treatment 2, C.A.L. spelling) is rejected.

For descriptive purposes, the intercorrelations were calculated for
each of the three groups for both arithmetic and spelling scores,

The cbrrelational data obtained indicated tﬁét pretests to post test
and retention test were highly correlated and significant at the .65
.and «Ol levels for both arithmetic and spelling. Results are presented

in Table Eleven for arithmetic and Table Twelve for spelling,

Group mean scores are presented graphically in Figure Two for arithmetic

and Figure Three for spelling for all three treatment groups. In addition,

the individual learning curvesfor each subject are presented in Appendix G.

N
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TABLE NIIZ

Analysis of Variance for Simple Main Effects (Arithmatic Scores')

Source ' SS - daf "MS - F.

1. Between subjects

2. Between A at by +02 2 0.01 2 a0
3., 3Between A at b2 &30 2 0.15 . % = 007: i :
Ls Between A'a’c b3 5.96 2 2.98 __lé - 131 :

5, 3Between A at ble» 7 4.36 2 2,19 L R |
6. Within cell 626.12 276 2.27 A
7. Within subjects |
8, Between B at a To40 3 ' ' 2.47- g _ '

. (arithmetic group) g =13:72 **_ : |
9, Between B at a .56 3 0.19 2 . L
10. 3etween B at o2l 3. 0.08 8 10 |
%3 B R S
lln AB ‘ !lvolbz 6 ’ 09715 % ‘= L&cll EYEn, |
12. 3X Subj. W. groups 3721 207 . 0018 o

#

* p<.05; F critical = 2,60 (df = 3.207); 3.00 (2,276)

¥ p<Ol; F critical

3.78 (af = 3,207); 2.80 (6,207)




TABLE TEN

Analysis of Variance Table for Simjple Main Effects (Spelling Scores)

Source SS dar MS F

1. Between Subjects

2. Between A at b, b6 2 «23 (2 J

' b/ = .096
3. Between A at b2 1.22 2 .61 (%) - 256
he Between A at b, 1.01 2 .505 (é) = .22
5. Betwoen A at b, 1.34 2 67 (2) = 2
6. Within cell 657.35 276 2.38
7. Within Subjects
8. Between B st & .99 3 331 (E) -1z
9. Between B at a, 6.142 3 2007 (L) =10.773%%

(Spelling grouf) ‘ o

10, Between B at ) «868 3 «289 (%) <1.521
11, AB © 2,13 6 36 -}%) w1891, x
12, Bx subj. w. groups 39,62 207 : 19

*  P{e055 F critical = 2,60 (df = 3,207); 3.00 (df = 2,276); 2.10 (df = 6,207)
** PLeOL; F critical = 3.78¢ (df = 3,207); 2.80 (df = 6,207)

**% p.10; F eritical = 1.77 (df = 6,207)
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TABLE ELEVEN

Correlation Matrices for the Three Treatment Groups (lirithmetie.)

Treatment 1 C.A.L. group 1 (math)
1 (pre 1) 2 (pre 2) 3 (post) L (ret)
1. pre 1 1,00 | e
2e Pre 2 00 GO** 1.00
3. post 0o L% 06 90%* 1.00
Le ret 0o 87%% 0o 82%x e Glx% 1.00

*  p<e05 r critical = .38 df (24
** p<e0l r critical = . daf (2h

Treatment 2 C.A.L. group 2 (spelling)
1 (pre 1) 2 (pre 2) 3 (post) L (ret)
10 Pre 1 1,00
2. pre 2 0.91%* 1,00
3. post 0.91%* 0,92%* 1.00
L. ret 06 90%* 0.85%% O G135 ‘ 1.00
*  p<e05 r critical = .38 (af = 2L)
** p<e0l r critical = .49 (df = 24)
Treatment 3~ Non CyA.L. group _
1 (prel) 2 (pre 2) 3 (post) L (ret)
1. pre 1 1,00 |
2. pre 2 Qo QL% 1.00
3. post 0.95%* | 0,96 1.00
Le Tet 0,95%% 06970 « 99 %% 1.00
% p=e05 v critical = +38 (af = 25)
* p<.0l r critical = .49 (df =24)




TABLE TWELVE

Correlation Matrices for The Three Treatment Groups (Spelling Scores)

Treatment 1

l, pre 1
2. Dre 2
3e post
Lie ret‘

C.A.L., group 1 (math)

* p<ts05 r critical
** p<e0l r critical

1 (pre 1) 2 (pre 2) 3 (post) 4 (ret)
1.00
0 97%* 1.00
0e87%% 0.88%% 1.00
Qe 87%% 0. 87%% 0e93%* 1.00
= 38 af (24)

49 af (24)

Treatment 2

le pre 1
2+ pre 2
3« post
Le ret

C.A.L. group 2 (spelling)

1 (pre 1) 2 (pre 2) -3 (post) L (ret)
1.00 '

0u QL% 1.00

0.93%% 0491%% 1.00

0. Ly 0,92%% 0.98%* 1,00

* D05 r critical = .38 (df = 24)

** p<.OL r critical = 49 (df = 24)

Treatment 3

1, pre 1
2 pre 2

3. post
Le ret

Non C.A.L. group

1 (pre 1) 2 (pre 2) 3 (post) 4 (ret)
- 1.00
O e 1.00
0.90%* C .gam 1.00
0.92%% 0.95%x 0.96%* 1,00
*  De<t o05 r critical = .38 (df = 24)
- 21)

** p<,0Lrcritical = .49 (df
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- CHAPTER VI

DISCUSSION AND CONCLUSIONS

The findings presented in this study have showm that: 1) pupils
with learning problems can marmge the use of the computer terminal and
C.A.L. with very little help from others, 2) C.A.L. is a promising means
of individualizing instruction; and 3) pupils with learning problems were
able to improve their basic skills in both arithmetic and spelling through
the use of C.A.L. |

For easy reference the research hypothesis is restated below:

If three randomly selected groups of pupils with leafning problems
received”a“regular classroom instructien in mathematics and language arts,
and if two of the groups received additional help via C.A.L., one dolng
basic arithmetic skills and the other doing spelling through C.A.L., then
there will be significant differences between the three groups in
achievement over time in fa%or of the C.A.L. groups for:boph arithmetic

and spelling as measured by standardized achievement tests,

Analysis of Variance for Arithmetic

Since no significant differences were found between the éxperimental
and control group means, (between the means of the levels of factor A)
Null Hypothesis (1) was accepted'for'arithmetié.

Becausecf the significant dlfferences observed over time (between
the means of the levels of factor B), Null Hypothesis (2) was rejected

and the Alternative Hypothesis was accepted at the .01 level of significanée.
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The Newman-Keuls.probing technique was used, to find where the significant
differences occurred. Results from this test indicated significant

differences between pbetest: 2 and both the post test and retention test.

at the .01 level. Also found was a lesser degree of significant difference
between pretest 1 and both the post test and retention test (i.e. at

the .05 level), These results indieate that learning (and retention

of learning) took place in arithmetic over the four month experimental .

“period.

‘The results obtained with respect to Null Hypothesis (3) showed a
significant interaction effect at the .0l level. Therefore, Null
Hypothesis (3) was rejected and the Alternative Hypothesis, that there
were significant differences between the experimental and control group
"tfeatment effects over time, was accepted. Accordingly, tests for simple
,maﬁﬁ effects were performed, |

The results from the tests for simple main effects showed significant
differences over time at the .0l level of significance, On arithmetic
scores, neither the C.A.L. spelling group nor the non-C.A.L, group showed

any significanee at the ,05 level. Thérefore, the C.A.L. arithmetic group

showed significantly grester gains on arithmetic measures than did the
other two comparison groups (C.A.L. spelling and non-C.A.L. groups),
The significant difference over time was, therefore, attributsble to the

gains made by the C,A.L, arithmetic group.




Ana.'l_ysis of Vai:-iance for Spelling

The results obtaine;d for the spelling analysis.s‘ are the sam‘e as
those for arithmetic except in the case of hypothesis (3).

Since no significant differences were found beﬁweén the eXpefime'ntai
and control group m°ans, Null Hypothesis (1) was accepted for spelling.

Because of the significant differences observed over time, Null
Hypothesis (2) was rejected and the Altematlve Hypothes:.s was accepted
‘at the .0l level of significance. This result indicates that 1eam1ng
took place but does not indicate where the d1fferences occurred, The
Newman-»Keuls probing technique revealed that dlfferences emsted between
- pretest 2 and both the post test and re’cention test at the O1 level of
significance. Also, the same degree of s:.gmflcant dlffernnce was
. shown between pre test 1 and the post test. These results indicate that
leaming ( and some retention learning) took : place in spelling over’v the
four month experimental period. , |

The results obtained for Hypothesis (3) did not show signifiéance '
at the .01l or .05 level. Therefore, Null Hypothesis (3) was accepted.,
However, since-a difference was obsprved at the 10 levelﬂ the ’c.ests ‘
for simple main effects were performed for descriptive pur'posesonly
Results obtained revealed tha‘h neither the C.A,L, arithmetic, nor the _‘
.non—C.A.L. group attained any significant gains over time, Thei;efore,
the C.A.-L. spelling group atta:‘,ined greaﬁer gains on speliing scores |
than did the otﬁer two comparison groups (c.A. L arittmetic and non—C.,A.L.
| group). The difference over time was therefore attmbutable to the

gains made by the C.A.L. spelling group.
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It is interesting to note that in spelling, the spelling group
dropped .13 months, while in arithmetic, the arithmetic group dropped
only .02 months during the retention period, This is an indication that
, retention.of learning was.greater for the C.A.L. arithmetic group in
arithmetic compared to that of the C.A.L. spelling group in spelling,
This ﬁay be explained, in part, by the fact that the arithmetic drills
were of better quality than the spelling drills, |

Results of the correlational data showed that the gains in achievement
were consistent within all three grouns over the four month exnerimental
- period.  The 1ntercorre1etions between pretest 1 and vost test and
retention test‘for both arithmetic and spelling scores were not significently
different. This is indicative of the equality of'nredicability and reliability
of both pretest 1 and pretest 2, The scores in both efithmetic and spelling
tended te decline slightly from pretest 1 to pretest 2, This result wes
expected because the subjects seemed to be more anxlous for pretest 1 than
for pretest 2, which may have caused slightly inflated s scores for pretest 1,
Since they were observed to be 1ess_anx10us during pretest 2, therresults N
of this test would be more reliable. | o

Overall, the study has indicated that pupils with learning problems cen
make significant gains in learning in the basic skllls of arlthmetic and
spelling.. A comparison of group. mean scores'from pretest'z to retention
test shows an overall increaserf 5.3 months for the aritﬁmetic group

on arithmetic scores compared to a 2 - month increase for the'spelling
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group, and an 0,5 increase for the non-C.A.L. group, Similarly, on
spelling scores, the C.A.L. spelling group increased 4.8 months while the
C.A.L. arithmetic group increased 1.8 months, end the non-C.A.L. groun
increased 1 month., Analysis of these figures indicates both educationally

and statistically significant gains in learning,

General Comment

For pupils with special needs, many studies have shown that C,A.L. can

effectively and significantly increase the amount of learning compared to

regular classroom instruction alone. The present study provides more
positive evidence in this regard and implies several conclusions relevant

to the education of pupils with learning problems, Elaboration of this
point will follow in this section.

The use of C.A.L. in arithmetic and Spelling'provided many Yspin-off"
effects, The pupils seemed to find the C.A.L. drills more iﬁﬁeresting

and enjoyable than other type of drills. Many students would often check

in the computer room to maske sure they would not be denied their turn

on the computer,

Some teachers cormented on the improved attitudes of many of the C.A.L.

pupils, both in terms of improved behavior in class and also in terms of

‘better performance in other subject areas as well. A deserintive .
indication of this is provided by the fact that the arithmetic group did

better in spelling than the non-C.A.L. group (1,8 months increase compared

to 1 month), and the spelling group did much better in arithmetic achieve-
ment than did the non-C.A.L. group, (2 months inerease compared to a 0.5

month increase),
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Also; CeA.L. pupils showed signs . 6f improved abilities to attend _
and to concentrate in other subject areas compared to non C.A.L. pupils, “
Many C.A.L. pupils improved in arithmetic and spelling beyond expectations.
For example, 17 C.A.L. pupils showed inereases in srithmetic achievement‘ v Eéﬁ
compared to 11 from the non C.A.L. group. Similarly, in spelling 21
pupils made gains compared to 14 in non C.A.L. group. Graphs andvtébles
showing these comparisons can be found in Appendix G,

C.A.L.‘pupils also increased their efficiency in terms of time needed

to complete their work, In general these pupils were able to work

mﬁch faster and with greater accuracy on the computer as cgmpared to

other forms of drill (paper and péncil - worksheet drills), On the

average; ten to twelve minuﬁes were used on C.A,L. compared to about

twenty minutes needed to do a similar amount of work in the classroom.
C.A.L. provided a convenient means of inereasing the attention given

to the individual needs of pupils for drill and vractice, Probably more

could have been gained in pupil achievement if the teachers would have
taken advantage of the C.A.L. drills to analyze where the problems

were occurring., Unfortunately, the opportunity to use the results of

C.A.L. as an information system re pupils' specific weaknesses was not
always used to maximum advantage. This was mainly because of inexperience
with the system and lack of coordination with other teachers,

Coincidently, the pupil supervisors may have been helped in terms

6f'their Jjob assignments., Many were observed to develop better attitudes

to their own school work and responsibilities.
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Also, it should be noted that the "regular instruction" available
at Central North School is not really regular in the traditional sense.
A high degree of individualization and remedial instruction is carried
ouﬁ using innévative methods and sophisticated technologies in the
mathematics and reading labs and in the classroom as well. These
techniques are considered to be quite effectivé in their own right., On
a yearly basis many pupils make achievement gains in excess of one yearw—

a result which is contrary to their past performances in previous schools.

Therefore, this factor, coupled with the successful use of C.A.L.,
combined in some cases to produce very dramatic inereases in achievement

scores.

Implications and Future Considerations

The present study has shown significant benefits of C.A.L. in the

subject areas of arithmetic and spelling for pupils with special_
educational needs, Although drill and practice is considered as essentiél
in the process of the mastery of basic skills, it has been suggested that
it no longer needs to be boring or unmotivating, With the aid of C.A.L.

mastery of these important basiec skills is no longer a major stumbling

block for special-need pupils.
This study has also helped to point out some areas where improvements

were needed, In arithmetic more programs were needed in the topics of

fractions, decimals, equivalent fractions, fraction and decimal equival-

ents, word problems, money problems, percentage problems, and measurement.
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In the area of language arts, much more work was needed to develoo and

refine existing programs -not only 1n spelling, but in grammar, punctuatlon,

and other topiecs., Most of these improvements have been made since the time
| of the experiment and presently exist on the computer system. Manuals
decﬁmenting these programs are now available (see Appendix H). Prégrams
could also be expanded in order to offer basic skills curriculum to at
~ least the eighth grade level,

Studies of C.A.L. in the future should be conducted to compare C.A.L.

to other types of instruction not usually included in regular classroom 1‘

: instruction.‘ For example, studies using control groups engaged in an
activity approach to mathematics or computational skills taughtbvia
television, of hand caluculators would further our understanding of the
effectiveness of other newer technologies as well as C;A.L. |
Other future directions might include some of the following recommendations-

‘for C.A.L. studies 1nvolv1ng purils with 1earn1ng vroblems:

1) Simulation, game, and tuterial programs in ether subject areas
such as social studies, health, science and guldance should be developed.
Previded that the readability of the program is carefully contrelled,

_there is tremendeus potential to teach concepts which at one time were‘_

considered too difficult fdr pupils with learning difficulties,

2) A more comprehensive C.A.L. project would be the development of a
multi-media approach using audio-~visual techniques in conjunction with and

under direct control of the C.A.L. This could.also include the use of a

sophisticated information storage and retrieval system tobaid the teachers
in maintaining and using pertinent student records., Student data could be

made available daily, or whenever necessary. Automatic record “eeving would
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thén assist in the continuous re-evaluation of student vrogress for the
purpese of systematic diag;osis, prescriovtion, and remedial brénching
strategies, Equipment to implément this is presently available but lack ef
funds prevents development in this area. _ _
| 3) Research is needed to look into the relatibnship‘between motivation,

behavior, learning, and C.A.L. | |

4) C.A.L. studies could be devised to compare the effectiveness of
CeA.L. using curriculum based'on learning hierarchies, sﬁch as that of
Gagne, compared to C.A.L. using other strategies, | .

5) ﬁigh powered tutorials, or tutorials in combination with other !
' tyﬁes of programs, are necessary to help punils increase their ccmprehension'-
abilitieé-—particularly in both kéy subjects of mathematics and language arts,

6) The concept of C.A.L. could be expanded to include the idea of
computer assisted diagnositic tesﬁing. Inéluded in this type of applicationA
would be tests to determine grade level in specific subject areas and
entering behaviors previeous to instruction.v Also includéd would be

diagnostics into different types of learning deficits or disabilities,

Development and study in this field may pzy dividends in the future, -

Limitatiens of the Study

As has been mentioned earlier, a cloger superfisicn ef the pupilsf _
progress and drill problems being used might have increased the effectiveness
of their C.A.L. experience. No’attempt was méde to co-ordinate classroom
topics with the topics being drilled using the C.A.L." Further efficiency was
sometimes sacrificed due to lack of suvervision and contingency planning on
- the part of the experimenter. The jobs done by student volunteers in getting -
the subjects from their classes to logging procedures, were extremeiy

important, and on the whole were carried out well, However, even better
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results may have been obtained with more consistent;and careful sunervisidn;
preferably by a'teacher or:édult who could carry out such a function on a
full timé basise

It can not be over emphasized that the.job of proctoring and'supervising,
performed by the student volunteers, was extremely cfitical. This indicates
the necessity of providing and maintaining a positive humén component in C.A.L.

projects. The process of carefully regﬁlating, supervising, and monitoring

the system is absolutely essential to the attainment of positive effects through

C.A.L. It is therefore a limitation of this study that no data was collected

on what effects the supervising had on the student supervisoré themselves.
It'is also an implication for future C.A.L. fesearch.that human factors such
as 1nvolvement and planmning on the part of the exnerimenter, supervision

by proctors, and careful study and control of human 1nteract10ns during the
course of C.A, L., are of prlme importance and have a definite effect on the

outcome of experimental research,

Another limitation of the overall study was the failure to involve a
fourth group which could have performed an operant task unrelsted to C.A.L.,
such as drill and practice provided by peer tuters. Such an extension would

have supplied valuable comparative data and helped to control more‘fﬁlly for

the Hawthorne effect.

Summary and Conclusions

The data provided by the Aﬁalyses of Variance for both arithmetic and

spelling indicated that Null Hypothesis (1) should be accepted, Therefore,
it was accepted that there were no significant differences between the two

experimental groups and control gfoup means for both arithmetic and spelling,




Significant differences were found over time Between pretests and
poSt test, and retention tests. Therefore, Null Hypothesis'(z) was
- rejected for both arithmetic and spelling. Post hoc analyses using
Newman~-Keuls probing technique revealed differences between: opretest (2)

and the post test and retention tests for both arithmetic and snélling at

the .01 level of significance, Also found were differences between pretest (1)
and post test for spelllng at the same level, Lesser dlfferences were | |

found between pretest (1) and post test and retention test for arithmetic

at the .05 level of significance. _

Null Hypothesis (3) was rejected for arithmetic but accepted for
spelling. Resulls of tests for simple main effects indicatedvéjsignificaht
treatment effect for the C.A.L. arithmetic group on arithmetié scores, It
was therefore inferred that there vere significant gains in achievement

scores over time in favor of the C.A.L. arithmetic group compared to the

C.A.L. spelling and non-C.A.L. groups.

Results obtained from the correlations indicated that the gains in
achievement were consistent within all three groupsvénd that pretest 1 and
pretest 2 were equally relisble since they were highly correlated,

The main objectives of this study have been realized. A computer

assisted learning system has been established and has proven to be successful
in the remediation of the basic skills of addition, subtraction, multiplication,
division, and spelling. A greater degree of individualization of instruction

is presently being enjoyed by the most needy oupils,. thanks to the

expansion of the instructional programs in this project.
Also, it was found through this study thet C.A.L. is an effective aid
in drill and practice routines in both arithmetic and spelling for puoils

with learning problems. Economically, this application of C.A.L. has proven

to be feasible (see Appendix I). Educationally, the data supports the
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contention that our C.A.L. helped to oroduce significant gains in achievement
in both arithmetic and spelling. It is believed that because of the sustained

enjoyment and high levels of interest and motivation to learn via the COmMpU~-

ter, and because of the continuous feedback of positive results, many of the

pupils who received C.A.L. were able to gain feelings.of accomplishment and
succeés and therefore, gained benefits of a'highly personal nature related
to increased feeling of their own self worth, |

| The future of computers in education seems to be filled with promise. o

Some people, however, have argued that with the advent of the computer,

the school will bécome less humane and more impersonal. Also, some critics
héve charged that schools are becoming increasingly ineffective ih the job

~ of teaching. If, in the futﬁre, the computer can be made to take over some
non-productive aspects of teaching, then theAtéacher may be freed to inter-
"act more often and more usefully with pupils. By allowing teachers t6 spen&
more time discussing, explaining, answering questions, diagnosing and
prescribing, the computer will, in all probability, be a tremendous aid to
improve all aspects of education for teachers,badministrators, and pupils.
The human elements of providing an overview, making decisions, and sharing

emotions such as enthusiasm, encouragement, and caring, can never be replaced

or eliminated from the learning process and can be enhanced by the careful

application of computers to education,
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TABLE THIRTEEN ~ Summary Profiles of Subjects -~ Group 1

SUBJECT SEX  AGE TEST/ GRADE LEVEL TYPE OF
DATE/IQ MATH/SPELLING DISABILITY
Wisc ' :
1 P 67/18 4.3 / 5.0 E.P. *
Otis '
2 F lk 69/95 . 506 ,/ 500‘ E.P.//LOD.*
' ~ Otis
3 Mo15 68/85-89 6.3 / 5.5 L.D./S.L.*
T, Wise : _
b Foo¥% 47 3.0/40 E.M.R, /5P
Wisc »
5 M ih 69/70 3.9 / 3.6 E.M.R. /L.D.
Wisc : o
6 ML 71/90 L3 / 2.2 L.D./S.L.
' Otis
7 Fooou 70/73 5.1/ 6.0 E.P. / S.L.
8 M 16 - 5.3 / 4.0 H.T.
9 M 15 70/67 3.8 / L.8 E.M.R,
‘ Wisc
10 Foo26 71/90 k.5 / 5.9 E.P./L.D./S.L.
Otis
11 M 16 67/38 5.2 / 5.8 L.D./S.L,
Wise
12 M 1 69/103 6.0 / 5.5 E.P. /L.D.
Wisc | - ’
13 M 12 70/73 2.1/ 3.4 E.P./S.L.
Otis '
1 Fooo o go/105 1.6 /5.0 E.P,
Wise |
= F 1 72/81 5.9 /7.1 SeL. /L.D..
16 M 1, 71/95 5.6 / 6.6 E.P.
Wisc _
17 F 15 72/83 6., / 7.1 S.L. / L.D.
_ Wise _ ‘
18 M 16 72/79 7.7 / 5.6 SeL. / L.D.
19 F 15 Wise |
72/82 5.9 / 5.8 S.L. / L.D,
Wise :
20 F 17 70/69 1.8 / 1.8 E.M.R./E.P,
21 M 15 Otis Le§ /6.7 L.D. =

72/82
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APPENDIX A (cont'd)

Summary Profiles of Subjects — Group 1 (cont'd)

SUBJECT SEX  AGE TEST/ GRADE LEVEL TYPE OF
DATE/IQ  MATH/SPELLING DISABILITY

Otis e ,
2 "% efr e6/7.0 0 1.
‘ ' 1-T
23 M 15 72/77 ’ 5'3 ,'/ 507 ‘ S.L. /L.D. /E.PO
21, F 16 Otis

72/80-8L 4.7 / b3 L.D. '/ E.P,




APPENDIX A (cont'd)

Summary Profiles of Subjects - Group 2

Ty

SUBJECT SEX  AGE  TEST/ GRADE, TRVEL TYPE OF
: DATE/TQ MATg/SPELLII«;G DISABILITY
X Moo E'17%7;05  8.0/7.0 E.P,
2 F 15 gg};z L.2/5.8 | L.D,
3 L] 15 ;%735 3.9/5.4 s.L./L.b.,.m.p.,/H.I.
4 -~ F 15 %};o 3.5/5.5 - S.L./L.D. /E.P.
5 Fu mR sama L./
6 M 16 2;}38 5;9/5,0 T
7 M6 ‘6%7;5 730 S.I./L.D.
g M 16 2%3 5;1/1».0 B s.L. .0, A1.D.
9 F o %}34 4e9/3.9 S.L. /L.D.
LI M 16 2%7& 3.1/3.6 LR,
n F 17 2;79,-7 3;3/4.8 E.M.R.,‘/DYS
12 M 13 22};0 2.9/3.0 | E.M.R./E,P,
3 F 15 2%7;8 3.8/2.7 . EMR/EP,
u " o 2}%0 300 S.L. /B.P.
15 M 1 (6)37505 L.8/5.7 L.D. /DYS
16 F L 237;7 6.1/5.6 . L.D./R.P.
: Wisec _
17 M 12 73/83 5.3/6.3 © S.L./E.P.
18 F .16 '(7)2}31-91, 5.2/4.7 . S.L./L.D.
19 F 15 2;};1_94 5.8/6,1 SeL. /T P;
20 M 16 Otis

68/76 L.b/3.9 S.L./E.P,
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APPENDIX A (cont'd)

Summary Profiles of Subjects ~ Group 2 (cont'd)

SUBJECT SEX  AGE TEST/ *GRADE LEVEL TYPE OF
- ~ DATE/IQ  MATH/SPILLING  DISARILITY

Wise

21 M 1, rojes . 3+8/ke3 F.M.R,

22 M 15 - 4.9/5.3 , SeLs
Wisc - :

23 M 1% /e 5.3/70  L.D./R.P.
Otis '

24 - F W 72/90 | 3.‘9/2,3 SeLe/L.D. /E.P,
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Summary Profiles of Subjects - Group 3
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SUBJECT SEX  AGE TEST/ GRADE LRYVREL

20 H 23 3%7308 56/7.6

DATE/TQ MATHS /SPRILING gg?.}axgixw

1 Mo 16 %};5_1% . 7,.1/5,7‘ L.D./E.P,
2 Moo e 5 B |
3 M3 'I;é;é'/ 3.5/4.8 S.L./L.D. /&, P,
i P 23};5.105  7.1/6.8 L.D.

5 S ‘g%%o 5.6/7.8 E.M.R,

6 Mo 16 g%;go h2/ha, E.M.R. /LD,
7 ML '173395 5.4 /la7 Bp.
8 B e 6.4/7.0 E.P.
9 Fo16 2;};0 3.9/5.2 ' CV.P.*/E.P.
10 Moo17 2%7;2 3.1/6.0 E.M.R./E.P,
11 F 16 3}’%721, 1.8/1.8 EJM.R.

12 M 13 %7;6 2.9/2.1 L.D, /E.P,
13 M lh 28355 | 2.9/3.5 E.M.R. /5.P,
14 M 17 }7;}'92 3.,0/2.4 S.L./E.P. /1.D.
5 Moo 23}3&.99 . 5.0/3.6 L.D. /5P,
16 Moo ey 2.9/3.2  L.D./R.P.
17 Fooo ‘7%%05 3.6/2.5 L.D. /DYS
18 F 16 ‘g’f}j;h L.6/5.3 SuLo/L.D.
19 F 16 2;};5 6e4/5.5 "L.D./E.P.

B 4E.?.

}
I
i
i
i
|
!
]
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Summary Profiles of Subjects — Group 3 (Cont'd,)

2

SUBJECT AGE TEST/ GRADE LEVEL TYPE OF ‘
DATE/IQ MATHS/SPTLLING  DTISABILITY
Otis
21 13 68/90-99 7.4/6.6 E.P./S.T.
Otis '
22 1 69/81-94, 644/5.0 S.L.
Wise ‘ ‘ ,
3 W eg/104 5.8/5,1 E,P.
14 69/100 5.3/6.4 E.P.




LEGEND:
E.P.
L.D.
S.L.
‘Dys
A.D.
V.D.
S.T.
H.T,
v.I.

—

E.M.R.-

‘visual perceptual dysfunction . T LEE

128,

APPENDIX A (Cont'd,)

emotional problem = C,G.C, referred i

‘specific learning disability

slow learner

Dyslexia

auditory perceptual dysfunction

speech impaifment
hearing impairmént
visual impairment

educable mentally retarded
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APPENDIX B

SAMPIE COMPUTER PROGRAMS
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PROGRAM ADDSAN

DESCRIPTION:

Drill in addition for remediation, Student can do 1-10 randomly-.
- generated problems., There is a choice of how man& digits (from 1-5) in
@ach number and how many numbers (from 1-5) the student néeds practice
in. Students musﬁ enter the answer to only one columm at a time. This
answer is immediately checked and another try or a new problem is giveh
if the answer is noﬁ correct, The number of problems wanted at ﬁhe
beginning of the program is the number of problems the student must
answer correctly., If the student gets one prqblem wrong then he will

be given one extra problem etcetera.

OBJECTIVES:
1. To give the student practice in adding,
2. To give the student practice in carrying.

3. To give the student practice in adding numbers by column.

" INSTRUGTIONAL CONSIDERATIONS:

For students at the elementary level. Time required to do 10
problems is approximately 20 minutes, A ’
Student should know how to add within the range given to him (her),
The student should also be familiar with‘the concept 6f "ggrrying".
If more‘than two numbers are given then the student should be familiar

with adding columns of numbers,




) Bt

RN

PASSWORD ’

VEERRREER

'RECOVER /SYSTEM: BASIC

CLD, NEW, OR LIB FILE: QLD

FILE NAME: ADDSAN
READY .

AUN

TM/02/28¢ 11.24.18.
PROGRAM' ADDSAN

SELF CONSTRUCTED DRILLS IN ADDITION FOR REMEDIAT!ON
HOW MANY PROBLEMS (FROM 1 TO 18)- DO YOU WANT TO DO? 4

131,

KRONOS 2.1/397AEg

HOW NANY NUMBERS (FRON 2 TO 5) DO YOU WANT TO ADD T 2

-

HCOW MANY D[GITS (FROM 1 TO S )DO YOU WANT 1IN EACH NUMBER? 2

WHAT 15 YOUR FIRST NAME 7 NORF
"WHAT IS YOUR LAST NAME? FIOREN?INO

IS THIS YOUR CORRECT NAME 7

HELLO NORF HOW ARE YOU TODAY?.

? YES

RETURN BUTTON.

< LET*S BEGI Newo®

- @ S
] 3
178

T 9

VERY GOOD NORF

@ 6 8 1S THE CORRECT ANSWER

'DO YOU WANT TO SEE THE DI RECTI ONS? TYPE *YES® OR *NG'.

- D' TODAY YOU WILL BE DOI NG SOME ADDI NG PROBLEMS.

.2 : WHEN THE MACHINE STOPS TYPE IN YOUR ANSWER FOR
. EACH COLUMN, ONE AT A TIME,.

3 : AFTER YOU PUSH A NUMBER BOTTON ALWAYS PUSH THE

\

‘DO YOU WANT AN EXTRA TRY ¢*T*) OR NO EXTRA TRY ('NT") 7 T |

NORF FIORENTINO 7 YES




132,

7 7
- 5 2
(+) 1 mmmmmmme
pieigiotutvint
72
7 1

RIGHT ON NORF KEEP UP THE GOOD WORK

1 2 9 1S THE CORRECT ANSWER

[

9 7
4 1
(#) =mmmmmcae.
. ..A'T'»"‘?"s
77 L .
| , SORRY TRY AGAI N
7.3 .

1 | .
. YES THAT IS GOOD NORF
1 '3 8 1S THE CORRECT ANSWER

5 9

(#)  mrmemmaa - . ' : ' - : H
R =
T 2. L ;
o ) SORRY TRY AGAIN
-t 2 - ‘

. NO_NORF YOU ANSWERED THI S.COLUMN WRONG. THE CORRECT
' ANSWER SHOULD HAVE BEEN 4 . TRY A NEW PROBLEM. :

2 - @
- 9 9 \
(4)mm e ———-
R
‘r 9

'RIGHT YOU ARE DOING FINE NORF
@ 9 9 18 THE CORRECT ANSWER

THE DRILL IS OVER NORF . YOU HAD 4 CORRECT ANSWER( S) -
‘AND 1 WRONG ANSWER('S) +

WITH 2 EXTRA TRIES.
THAT GI'VES YOU. 8¢. PERCENT CORRECT .-

DO YOU WANT TO DO "ANY MORE . PROBLEMS TODAY? ANSWER
'YES'  OR-*NO‘'.7 NO :

THARSEYBHROF GPULNGETR PRBRTLSE AGRAY NOBE:




\\./ g

HOW NAN? NUMBERS (FROM 2 TO 5) - DO YOU WANT TO ADD 7 3

 HOW MANY DIGITS CFROM 1 TO 'S 3 D0 YOU WANT IN EACH NUMBER? 3
WHAT IS YOUR LAST NAME? FIORENTINO |
1S THIS YOUR CORRECT NAME 7 JAMIE FIORENTINO 7 YES

- DO YOU WANT TO SEE. THE DIRECTIONS? TYPE 'YES' OR 'NO°*.
7 NO .

71
' RIGHT YOU ARE DOI NG FINE JAMIE

e e T
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RUN

17/82/28 . 11.32.!4.
PROGRAM ADDSAN

SELF CONSTRUCTED DRILLS IN ADDI TION FOR REMEDI ATT ON

- HOW MANY PRCBLEMS (FROM 1 TO 12) : DO YOU WANT TO DO? 3

DO YOU WANT AN EXTRA TRY ¢*T*:OR NO EXTRA TRY (*NT") 7 NT

WHAT 1S YOUR FIRST NAME ? JAMIE - ;

-

HELLO JAMIE HOW ARE YOU TODAY? = '

x LET-S.BEGiN...

9 6
4 3 9
4 7 1
({-) ~~~~~ Ll A K XL Y SOy
?. ,7. P
79

1 8 9 7 IS THE CORRECT ANSWER ' ,




7 . S 6.
2 S 124
2 3 9
(+) Mol AR R Rl R R
B ..?. .5‘...
7 4 '
? 2 '

N :
RIGHT ON JAMIE KEEP UP THE GOOD WORK

I 2 4 5 1S THE CORRECT ANSWER

‘g 8. 8
1 8 3
S 8 a2
(+) ML X R i
e e ..j~ PR .f_.?. ,.l.- s
' T 4

NO JAMIE YOU ANSWERED THI S COLUMN WRONG. THE CORRECT.
ANSWER SHOULD HAVE BEEN S i« TRY A NEW PROBLEM.

5 8 9
9 g 9
. 4 4
(+ ) DO ae e en wn G G e
e s aaen .-.....?‘,..g.._. -
? 3
79 '

T _ i
RIGHT ON JAMIE KEEP UP THE GOOD WORK

1 9 3 @8 1§ THE CORRECT ANSWER
THE DRILL IS OVER JAMIE . YOU HAD 3

AND 1 WRONG ANSWER(S) » » _ .
THAT GIVES YOU 75 PERCENT CORRECT.

.

CORRECT ANSWER(S) -

DO YOU WANT TO DO ANY MORE PROBLEMS TODAY? ANSWER

'YES® OR *NO’,? NO

THANK YOU FOR COMING TO PRACTICE TODAY JAMIE.
1.HOPE THAT I.WiLL HEAR FROM YOU AGAIN SOON.

13k,
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PROGRAM SUBTSAN

DESCRIPTION:

This program provides drill in subtraction for remediation. The
program randomly generates nroblpms up to 5 digits in the top number,
The columms of numerals are actjioned singly so that immroper carrying is
diagnosed immedistely, The student éontinues on the program unfil he

has done correctly the number of problems requested, The number- of

correct answers is given as a percentage of the total number of problems

attempted,

OBJECTIVES:

{
i
1.
|
1
i
J

1. To provide practice in subtraction for remediation,

2. To provide practice in using the concepts of time and date,

| INSTRUCTICNAL CONSIDERATTONS: | o

Instruction level: Grade 1 to Grade 9¢
Time required to do 15 prdblems is approximately 10 to 15 minutes,
At the beginning of the program the pupil is allowed to choose -

to by-pass thevdirections.




" PROGRAM  SUBTSAN
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17/02/28. 20.52.13. S o N

CYBERSHARE Li M| TED. KRONOS 2,1/397AE8 =
. USER NUMBER: 76HANDI . = o e
PASSWORD o | o
EENPRERT 77, TTY o . I o
RECOVER /SYSTEM: BASI C, OLD, SUBTSAN . S U
- EECOUE (sv ASI G, OLD, SUBTS# o |
RUN . L o N

17/82/28. 28.54.%3.

SELF CONSTRUCTED DRILLS IN SUBT?ACT!ON FOR REMEDI ATION
HOW MANY PROBLEMS (FROM 1 To 10) DO YOU WANT TO TRY ? 3

HOW MANY DIGITS (FROM 1 TO 5):DO YOU WANT IN THE LARGER .
- MUMBER? 2. o - R S

 HOW MaNY DIGITS(FROM 1'TO 2 )DO YOU WANT IN THE SMALLER - .
NUMBER? 2 o o _ - PR &

?ON%TUDENTS GET AN EXTRA TRY('T*)  OR NO EXTRA TRY( 'NT').

WHAT IS YOUR FIRST NAME 7 JON
"WHAT 1S YOUR LAST NAME? F!ORENTINO

IS THIS YOUR CORRECT NAME 7  JON FIORENTINO ? YES

HELLO JON,HOW ARE YOU TODAY? -
go&gou WANT TO- SEE THE DI RECT] ONS? TYPE YES OR NO. - - -

. K, LETS GET STARTED...




.2 4
2 3
(=) ~mrwcccemema
71
7?2

RIGHT ON JON YOU ARE DOING F|NE
2 1 1S THE CORRECT ANSWER.

9 6 i
4 2
(‘-) -’ ---------
e e
Z°5 T

YES THAT'S GOOD JON KEEP UP THE GOOD WORK +es
S 4 IS THE CORRECT ANSWER.

: 7 8. ' '
NO JON YOUR ANSWER IS NOT CORRECT. THE ANQWER
SHOULD HAVE BEEN 7 . WE WILL TRY A NEW PROBLEM

72 ' L
RIGHT ON JON YOU ARE DOING FI NE
2 1 1S THE CORRECT ANSWER.
THE DRILL 1S OVER JON FIORENTINO. YOU HAD 3 CORRECT

1 WRONG AND HAD 9 EXTRA TRIES.
THAT GIVES YOU 175 PERCENT CORRECT

137,

DO YOU WANT TO DO ANY MORE PROBLEMS TODAY? TYPE YES OR NO

‘7 NO
THANK YOU FOR COMI'NG TODAY JON .

I-HOPE THAT ! . WILL SEE YOU AGAIN SO0N.

i
|
B
|
{
I
|
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PROGRAM MULTSAN

DESCRIPTION:

| MULTSAN is a drill in multiplication., The student ean do from
1 to 10 randomly-generated problems. There is an ontion for the number
of digits (from 1 to 5) in the number to be multiplied, Also, the
student has the choice of multiplying by a fixed constant (a single~
digi£ ﬁumber between 1 and 9). In éach problem the answer is to be
entered one column at a time, firom right to left, just as if thn
student were working it out on paper. His answer is checked after |
each answer. Also, for every question that the stﬁdent angwers
wrong, an extra question is given, i,e. if you asked.for 3 quesﬁions
and got 1 wrong, you would be given 4 questions altogether, At the
 end of the drill, the student's score is listed: nuhber of correct

and wrong answers, and percentage correct. Then the student may do

some more problems, if he so chooses,

OBJECTIVES:
1. To give the student practice in multiplicaﬁion.
2. To progress along with the student, i.e. the difficulty ofk
the problems is based on the student's level of knowledge.
If he only knows up to the 5 times-téble, he can be drilled‘
on Just that,

K]

3« If so specified by the number of digits in the top number,

the drill can be used to give the student practice in "carrying",
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PROGRAM MULTSAN (cont*d. )

INSTRUCTIONAL CONSIDERATTONS:

- For students at the elementary level (Grades 2-4),

- Student should be familiar with multiplying numbers within
the specified range, i.e. if a l-digit number is to be
multiplied by the constant "L", then the student should

have been taught the ) times table.

~ If the top number has 2 or more digits, then the studemt - S
should know about the concept of "carrying”,

- Approximate run time: 20 minutes for 10 problems,




"HOW MANY PROBLEMS (FROM .1 TO 12) - DO YOU WANT TO DO" 2

T8 00 wrmo wmas w e . . FE . PR e etan

PROGRAM  MULTSAN , O S e
. o = . N . ..
SELF-CONSTRUCTED DRILL [N MULTIPLICATI ON : -

( HOW MANY stxrs (FROM 1 TO 5) DO YOU WANT IN TOP NUM? 3 °
[ ] '
88 £V ”ﬂﬁﬁo&n&”h%ﬁ%r% RubbER"c 93”5““5 ¢ °
“WHAT NUMBER (FROM | TO 9)- DO YOU WANT TO MULTI PLY BY? 3
- DO YOU WANT AN EXTRA TRY (°T° ) OR NO ExTRA TRY CONT*)- :
FOR EACH PROBLEM? NT
WHAT IS YOUR FIRST NAME ? CHERYL '{fl ”..f xif: SR
WHAT IS YOUR LAST NAME? FIORENTI NG R AP s '_
IS THI'S YOUR CORRECT NAME ? GHERYL FIORENTlNO TYES 0
Do ‘you WANT TO SEE THE DIRECTIONS? TYPE 'YES' OR 'NO'.? NO f_lAﬁ -z‘
‘-u<,LEr's BEGIN... T
g 8 2 6
'v - - . ' ' 3 4' !
: : (X)) mmmemmemcmcc———— .
: ( . © eeceman s ..?8 ) L e L i ;
72 o L T e
YES THAT 15 GOOD CHERYL = S T
2 4 7 8 IS THE CORRECT ANSWER
3 1 9 T T |
‘ P N T
(X) —mommmmmmm i TR
e 2 2 :
- 78 : LT ey
. NO, CHERYL. YOUR ANSWER 1S WRONG. S R
THE ANSWER ‘SHOULD HAVE BEEN LA ,
R TRY TH’S ONEeeo ’ S AR :
9 8 g
-2 | | .
(X) =—rrmecemadccca- SR . Do U L
. ) -? .0 . . . . ‘ - ,. -.V',_>
.74 o _ L e )
el 9 -
~ TERRIFIC CHERYL YOU ARE DOING WELL = L i
2.9 4 8 1S THE CORRECT ANSWER | o L
"THE DRILL IS OVER, CHERYL. YOU HAD 2 CORRECT ANSWERS .
AND YOU HAD 1 WRONG ANSWER(S). THAT GIVES YOU _
66,6667 PERCENT. L i
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DIVIDE

DESCRIPTION:

PITIDE is & drill in division. The student cen do from 1 to 15
randomly-generated problems, There is an ontion of whether or not decimals
are to be involved, If the choice is not to work with dec1mals, then
the student is asked to input the number of digits (from 1 to 9) in
the number that you divide into, say X, This is followed by asking the
number of digits (from 1 to X) in the number that you divide by.

_.In working with de01mals, there are options for the number of digits
and the decimal places iﬁ both the divisor and dividehd. The student

. will probably use paper and pencil to help him-solve the problems,

The student gets one try at each problem; if he gives an incorrect
Aanswer, an error message is printed, followed by the correct answer,

At the end of the drill, the student's score is llsted' numﬁer of nrob~

~ lems attempted, number of problems correct, and percentage, He may then

do some more problems, if he so chooses,

OBJECTIVES: |

le To give the student practice in the division of integers,

2. To give the student practice in the division of decimal numbers.

3+ The drill can be used for testing purnoses since the student .
has only one try at each problem. Also, the nroblems are
different at every RUN,

L. To help the student in dealing with proper decimal aligrment,
i.e., in the problem, 1,5 7__—~, the student must move the '
decimal places in order to solve the problem, i.e, 15, Y L5, .
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DIVIDE (Cont'd,)

INSTRUCTTIONAL CONSIDERATIONS:

For students at the elementary level (Grades 3-6),
Students.should know how to divide numbers within the specified
range, i.e. if he is dividing a 1-digit number into a 3-digit
number, then he should know about "long division",

If working with decimals, the student should know sbout the
concept of decimal alignment. (see Objectives #L)

Approxlmate run t1me° 20—25 minutes for 10 problems,
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T1/82/28. 21.8714.
PROGRAM DI VI DE

THIS 15 A DRILL IN DI VI S1ON FOR REMEDI ATI ON.

Hi» THERE. WHAT IS YOUR FIRST NAME? FRANK

WHAT 1S YOUR LAST NAME, FRANK ? FIORENTINO

IS THIS YOUR CORRECT NAME 7  FRANK FIORENTINO  ? YES

HOW MANY PROBLEMS (FROM 1 TO 15)  WOULD YOU LIKE TO Do 7 3 o
Do YOU WANT TO WORK WITH DECIMALS ? NO

HOW MANY DIGITS (FROM I TO 9) DO YOU WANT IN
THE NUMBER YOU DIVIDE INTO? 3

HOW MANY DIGITS (FROM I_TO 3 ):DO YOU WANT IN THE f
MIMBER THAT YOU DIVIDE BY 7 |

=7 99
. TREMENDOUS., FRANK.‘THAT IS RIGHT. THE ANSWER IS 99 .

i

= 7.134

SUPERB, FRAMK. 134 1S THE CORRECT ANSWER.

= 7 199
THAT 1S NOT CORRECT. THE ANSWER 1S 128 .

THE DRILL 1S OVER, FRANK. | Y
NOMBER OF PROBLEMS ATTEMPTED: 3 |

NUMBER OF PROBLEMS CORRECT: 2.
PERCENTAGE: 66.6667




' WOULD YOU LIKE TO DO SOME MORE PROBLEMS ?, YES
OwW MANY PROBLEMS (FROM 1 TO 15)-%OULD YOU LIKE TO DO ? 2

DO YOU WANT TO WORK WITH DECIMALS ? YES

HOW MANY DECIMAL PLACES (FROM 3 TO 5) WILL YOU
HAVE IN YOUR ANSWER 7 2 : '

- .
e

HOW MANY DIGITS (FROM 1 TO 9).DO YOU WANT IN DIVIDEND 2 4
HOW MANY DECIMAL PLACES (FROM 8 TO 4 ) IN DIVIDEND 7 2.

HOW MANY DIGITS ¢FROM .1 TO 4 ):IN THE DIVISOR? 1 .. .
HOW MANY DECIMAL PLACES (FROM @ TO 1 )-IN DIVISOR? 1

6 Y1469
= 7 24.85

SUPERB, FRANK. 24.95 13 THE CORRECT ANSWER.

-1 3241

= 7 320 : :
THAT IS NOT CORRECT. THE ANSWER IS 321 .

'THE DRILL IS OVER, FRANK. = A .
NUMBER OF PROBLEMS ATTEMPTED: 2 s
MUMBER OF PROBLEMS CORRECT: 1 .

PERCENTAGE: ~ 5@ N C

"WOULD YOU LIKE TO DO SOME MORE PROBLEMS 7 NO

GOOD-BYE, FRANK. HAVE A NICE DAY.




145,
SPEL 128
DESCRIPTION:

SPEL 128 is a spelling drill., The student may do ffom 1 to 20
randomly-selected questions, In each question, the student is given
a group of four related words, one of which is misspelled, The
student must choose the number (position) of the missnelléd Qord, and

then spell the word correctly. He is marked both on his ability to choose

the right misspelled word and his ability to snell the word correctly.

If the student fails to give the corfect spelling, an error message

is printed, followed by the correct spelling. He is then asked to re-

type the word correctly. At the end of the drill, the student's score

is listed by the total percentage correct.

OBJECTIVES:
1. To give the student practice in.recogniZing the missnelled
word in a group of four words,
2+ To give the student practice in correctly spelling the ' .

misspelled word.

INSTRUCTIONAL CONSIDERATIONS:

-~ TFor students at the elémentary level (Grades 2-6)

-~ Student should be familiar with all of the words presented
in the groups,
~ Student should have had previous experience in identifying

misspelled words,

~ Approximate run time: 25 minutes for 20 questions.

REFERENCE :
Most of the spelling words were selected from the DOLCH Spelling

Word List, obtained from Mrs. Wedel, Central North School.
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SPEL 128
SPELLING DRILL NUMBER 1 .
WHAT IS YQUR FIRST NAME? CHERYL
WHAT IS YQUR LAST NAME 2 FIQRENTING
HELL® CHERYL HOW ARE Y@U ToDAY?

b@ Yaguy VANT T@ SEE THE INDTRUCTIQNS? TYPE’YES_@R NG
N . o

oK LET'S BEGI,...

ANIMALS * °  LARGE = sayes’ - sga
WHAT WORD. IS MISSPELLED? TYPE IN 1,2,3,4,R 0
2?2 3 ‘ . :
- VERY 622D CHERYL ’ R

WHAT IS THE CORRECT SPELLIVG _ o
? SAFS | . SR

'NBT EXACTLY CHERYL THE WORD IS SPELLED: SAYS
CLUBS ) FSTAMPFsl . LEAST ,  AvPASSEb

WHAT UZRD IS MIssp “‘iED’ TYPE IN 1:2:3:4:@R .8
?2 2 :

v
-

VERY G@9D CHERYL

wHAT IS THE CORRECT SPELLING° |
? STAMPS

RIGHT 0N CHERYL YOU ARE DOING GREAT
BOTTOM - LBOXS pREAM  LATIR

WHAT WORD 1S- MISSPELLED? TYPE IN 1,2 ,3,4,0R 0

e ,

VERY G28D . GHERYL

WHAT IS THE C9RRE CT SPELLING?
? LATER :

)

RIGHT ON CHERYL YOU ARE DOING GREAT




FVERY LUCKILIY LEAF © SMALLEST
WAAT WIRD IS MISSPELLED? TYPE IN 152,3,459R 0

) ‘

VERY G@9D CHERYL

WHAT IS THE CORRECT SPELLING? B
? LUCKILY .

RIGHT 9N CHERYL Y3U ARE DOING GREAT

INJOY _ KEPT  LAUGCH '  BREAD
WHAT WORD 1S MISSPELLED? TYPE IN 1,2,3,4,0R 0 .
? 1 -

VERY GO@D GHERYL

WHAT IS THE CORRECT SPELLING? . -
? ENJOY . |

RIGHT ON CHERYL YOU ARE DOING GREAT
. . . - e

‘MUSIC HOSPITAL WIRLD LEAVES
WHAT WORD IS MISSPELLED? TYPE IN 1,2,3,4,8R 0

?2 0 _ : : . :

. VERY GZ@D CHERYL

RUBBING BROWN VALENTINE ~  FRIUT
WHAT WORD ISAMISSPELLED?;TYPE IN 1,2,3,459R O

? 4 .

VERY 699D CHERYL’ o - | -

WHAT IS THE GORRECT SPELLING?
? FRUIT <

RIGHT ON CHERYL YOU ARE DQING GREAT

YELLGY . BYGICLE WHALE . LADIES i
WAAT YBRD IS MISSPELLED? TYPE IN 1,223,4,%R O
2 ¢

VERY G@8D CHERYL

WHAT IS THE CORRECT SPELLING?
? BICYCLE

RIGAT ON CHERYL YdU &RE DZINC GREAT
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SHEET . HAVING WA GON AMUBNT
WHAT WORD IS MISSFELLED? TYPE IN 1,2,3,4,6R 0 |
? 4 » . :
VERY G38D CHERYL

i

S . o

WHAT IS THE CQJn{RFCL SPELL II\)C" - ‘ : ‘E
: 1

i
i

? AMOUNT |
RIGHT ON CHERYL YBU ARE DGING GREAT a B
ALLWAYS - HPQUSES * -~ DECIDE . . CLAPPED \

: f
WHAT WORD 1S MISSPELLED? TYPE IN 1,253, 4,0R 0 ]
? ALUAYS _ | | SRR
. N@ CHERYL ALWAYS IS NOT CORRECT. TRY AGAIN. y
S \ oo < i
WHAT. WORD 1S MISSPVLLFD° TYPE IN 152535 4,0R 0 f
21 |
VERY GZOD CHERYL S . g
WHAT -1S THE CORRECT SPELLING? }
? ALWAYS \ G
. : S “ - ;
RIGHT ON CHERYL YOU ARE DOING GREAT ;
.
|
THAT'S ALL FoR TODAY CHERYL YQGU HAD 9 CORRECT . |
AND" 1 WRONG WHICH IS o0. PERCENT CORRECT |
- G@ODBYE CHERYL HAVE A G2gD DAY ?
cp 0355 SECS.

RUN COMPLETE.
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SPELBL

DESCRIPTION:

SPELBl is a spelling drill. The student is offered ten drills to
choose from: tricky words, opposites,.questions, homonyms, plurals, months,
weekdays, numbers, contractions, and provinces, (See DATA for examples.)
Each drill has five questions. In one sitting; the studentmmay do as
many of the drills as he chooses. At the end 6f the drill, a "Kronas
Komputer Kollege Spelliﬁg Report" is issued, This lists the.student's
score: number of words attempted, number of wofds correct, and percentage,

along with a short messagze to the parents. This is then followed by a

1list of the spelling words with which the student showed difficulty.

m VES:

l. To giye the student practice in sﬁelling commonly-misspelled
words,

2¢ In some of the drills, the student is given practice in
abbreviations of words,'e.g. Tues.~—Tuesday,

3. To give the student practice in: forming plurals of words
(drill 5), forming contractions (drill 9), choosing the
correct spelling of a word (drill 1), knowing the bpposite
(antonym) of a word (drill 2), knowing homonyms (drill L),

etcetera,
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SPELBYL (Conttd.)

INSTRUCTIONAL CONSIDERATIONS

-~ For students at the elementary level (Grades 3-6). |

- Student should be familiar with the words in the particular
drill hé is doing; €e.gs if he has chosen drill #,, then he
should be familiar with the definition of a homonym, and he
should have had some previous experience in working with thém.

- Depending on the drill chosen, the student may have to be

familiar with: the spélling of tricky words, opposites, general
knowledge of questions, homonyms; forming plural words, spelling
the months of the year, spelling the days of the week, spelling
numbers; forming contractions, and spelling the provinces of
Canada and knowing some major cities found in each'province.

- Approximate run time: 5-10 mimtes for each drill (of 5 questions

each).




PRéééémk“'sﬁéLéi'
HIsMY - NAME | S KRONOS, WHAT [ S YOUR FIRST NAME?. ToNY
WHAT IS YOUR LAST NAME TONY ? F1ORENTINO |

IS THIS YOUR CORRECT NAME ? TONY FIORENT[NO ? YES

ARE Y6U A BOY OR 4 8IBL3 BRINT Wil &3 BOvalby ™I

ARE YOU A BOY OR A GIRL? PRINT WHICH? BOY
HELLO TONY [.AM GLAD TO MEET YOU. -

l CAN OFFER DRILLS 1N THE FOLLOWI NG TOPICS C

1) TRI CKY WORDS e - ‘-
2 ~ OPPOSI TES o

3)-  QUESTIONS

4> HoMmONYMS

5 ) ‘PLURALS

6 ): MONTHS

7 WEEKDAY S

8)  NUMBERS L

9 ) CONTRACTI ONS

18 5: PRoviNCEs -

TYPE IN THE NUMBER OF'THE DRILL YOU WANT TO TRY ? 22

|.CAN OFFER ONLY TEN TOPICS TONY"
YOUR NUMBER 22 1[5 TOO LARGE ;

FLEASE TRY _AGAIN TONY"

TYPE IN THE. NUMBER OF THE DRILL YOU WANT TO TRY 7 1

HERE WE GO : A
kg ok dek kok sk sk TR!CKY.WORDS Kk kk Rk kR gx

HERE ARE TWO WORDSsONE OF WHICH [S MISSPELLED.
WHICH =-=-= RIBBON  OR RI BON

CHOOSE WHICH ONE | S CORRECTLY SPELLED

NOW, TYPE IT OUT CORRECTLY? RI BBON

0.K+s TONY

Kk




S~

wHICH - WRITTEN  OR  WRITEN

152,

WHICH ~=-- RECIEVE - OR RECE] VE

'CHOOSE WHIGH ONE IS CORRECTLY SPELLED
NOWs TYPE IT OUT CORRECTLY? RICIEVF

YOU GOOFED, TONY.THE CORRECT WORD [§ RECEIVE
LET*S LEARN THAT WORD. LOOK AT IT AGAIN.
--=-RECEIVE

'SAY IT TO YOURSELF.SPELL IT OUT AS I.TYPE LT

RECEIVE | RECEIVE

o~

NOW, TYPE IT OUT CORRECTLY,SAVlNG EACH LETTER AS YOU TYPE? RECEIVE
' YOU LEARN VERY QUICKLY TONY

WH!CH ~~~-_ CHIMNEY OR CdlMPEY

CHOOSE WHICH ONE IS8 CORRECTLY SPELLED

NOW. TYPE IT OUT CORRECTLY? CHIMNEY

RIGHT ON, TONY

CHOOSE WHICH ONE IS CORRECTLY SPELLED'
NOW, TYPE IT out CORRECTLY? WRI?TEN
R!GHT ONJ TONY

WH1 CH ====  CHEIF  OR  CHIEF
CHOOSE WHICH ONE 1S CORRECTLY SPELLED

NOWs TYPE IT OUT CORRECTLY? CHIEF

CORRECT, TONY

LET'S GO ON TO YOUR NEXT GROUP, TONY

THAT*S THE END OF THE DRILL. NOW A REPORT YOU CAN TAKE HOME

-y s 2w .—----.—-u-:.---..——- G SR S S G M W e S LS B M S G WS WP AR W O S G MS v e VB Wh e e e

A
i




***************************%#*x*************************** :

KRONAS KOMPUTER KOLLEGE
SPELLI NG REPORT

PUPIL: TONY FiORENTINO

NUMBER OF WORDS ATTEMPTED= S

!
NUMBER . OF WORDS CORRECT= 4

PERCENTAGE= 80

COMMENTS:
- DEAR PARENTSS-

TONY NEEDS NUCH MORE SPELLI NG DRILL.
HE SHOULD DO MY DRILL BNTIL HE CAN SCORE 95.

YOURS TRULYS

********i************#**#***********************%********** -

o D ek AR SO GA S N TS G R WD T TS TS R D S0 S R

TEAR OFF REPORT ‘CARD’ GN “THE LI NE "ABOVE "~
: GOGD-BYE, TONY. LET'S TALK AGAIN REAL SOON.

+%+ REMEMBER TO TYPE:  APPEND,

xkxx%x WHEN YOU FINISH

cP 1.275 'SECS.
'RUN COMPLETE. |

% EEPELlﬁ%T FOUND.

HAND] . LOG OFF. 21.26.53.
ANDL. CP 3.865 SEC.

@
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ARITHMETIC AND SPELLING HIERARCHIES
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11

12

13

15

16

17

APPENDIX C

Name

Room #

Computer Time Periods
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Add: one digit + one digit
(over 10) ex: 7+6 Addsan

DATE
SCORE

Add: two digits + one digit
exs 35+6 Addsan

Subt: two digits-one digit
ex: 14~-8 Subtsan

Add: two digits + two digits®
exs: 36+42 Addsan

Subt: two digits—two digits
ex: 42-27 Subtsan

Mult: one digit x 1
ex:.9 x 1 Multsan

Mult: one digit x 2
ex: 7 x 2 Multsan

Mult: one digit x 3
ex: 8 x3 Multsan

Mult: one digit x 4
ex: 7 x4 Multssn

Mult: one digit x 5
ex: 7 x5 Multsan

Add: 3 digits + 3 digits
ex: 426+337 Addsan

Subt: 3 digits-3 digits
ex: 436242 Subtsan

Mult: two digits x 1
ex: 25 x 1 Multsan

Mult: two digits x 2
ex: 25 x 2 Multsan

Mult: two digits x 3
ex: 36 x 3 Multsan

Mult: two digits x L
ex: 37 x 4 Multsan

Mult: two digits x 5
ex: 85 x 5 Multsan
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19

20

21

22

23

25

26

27

28

29

30

APPENDIX C

Name

Room #

Computer Time Periods
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Divide: one digit + one digit
(no decimal) 2 8 Divide

DATE
SCORE

Divide: two digits 2 one digit
(no decimal) 2 24 Divide

Mult: one digit x 6

ex: 7 x 6 Multsan
Mult: one digit x 7
ex: 8 x 7 _Multsan
Mult: one digit x 8
ex: 8 x 8 Multsan
Mult: one digit x §
ex: 7 x 9 Multsan

Divide: one digit + one digit
(decimal)2 7 Divide

Divide: two digits < one digit
(decimal) 2 35 Divide

Mult: two digits x 6
ex: 27 x 6 Multsan

pult: two digits x 7
ex: 29 x 7 Multsan

Mult: two digits x 8
ex: 37 x 8 Multsan

Mult: two digits x 9
ex: 94 x 9 Multsan

Ceneral Review (higher level
mathematics)
Specify (may be 3 digit
maltiplication)

(2 digit divisor ete. )
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APPENDIX C

. SPELLING DRILLS

Part T SPELBL

1.

Tricky Words

Date
Score

| 24

Opposites

3.

Questions

Le

Homonyms

.5.

Plurals

7z

Months

7

Weekdays

8.

Numbers

9.

Contractions

10,

Provinces

Part IT SPEL 128




APPENDIX D

DATA TREATMENT DESIGN

158,




Treatment
Group 1
CAI-Math

Treatment
Group 2
CAI-Spelling

- Treatment Group 3
No~CAI (control)

Subjects

Data Treatment Design

Pretest (1) Pretest (2) | Post-test [Retention Test

bl b2 b3 bl,
1 11 X112 %113 X1,
2 11 X012 X913 Koy,
3 X311 X312 X313 X314,
n X1 X2 X3 X,
1 Xio1 X190 X123 X901,
2 Xom1 X9oo Xom Xoo1,
3 Xam X300 X303 X301,
n X1 Xnoo X 23 Koo,
1 X131 X332 X133 ST
2 X031 X032 X293 Xo3s,
3 X331 X332 Xa33 X334,
. * . . ®
. . . M .
n X X X X

n3l n32 n33 n34

L i st e o ve e et e s )

d XIONEddY

°6ST
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APPENDIX E

INTERCORRELATIONS BETWEEN ARITHMETIC .

AND SPELLING SCORES FOR THE THREE TREATMENT GROUPS
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APPENDIX E

Discussion of the Intercorrelations Between Arithmetic and Spelling

The data showing the intercorrelations between arithmetic and

spelling can be found in Table Fourteen. By inspection it can be seen

that the intercorrelations between the arithmetic and spelling scores
for the treatment group 2 (GC.A.L. Spelling) are, descriptively, much .
lower than for the other two groups, (C.A.L. Arithmetic and Non-C,4.L.

groups). Even though the correlations are significent at the .05 level,

T-tests were performed to check if there were any significant differences
in the way eacﬁ treatment group related to the dependent variables
of arithmetic and spelling achievement. | |

The T-tests were used to examine the greatest differences, which
occurred between pretest 2 for all three groups. _The resulﬁs obtained
from these T-tests revealed no significent differences betwéep any two
of the three groups. Therefore since these tests were for the grgatest

descriptive differences, no further statistical tests were needed,




APPENDIX E

TABLE, FOURTEEN o

Intercorrelations Between Arithmetic

and Spelling Scores for the Three Treatment Groups _

C.A.Le. Math Group (Treatment 1)

162,

Math Math Math
. pre 2 post ret
Spelling: .
pre 2 - 0s73
post - | 0.7
ret 070
C.A.L. Spelling Group (Treatment 2)
Math Math Math
pre 2 post ret
Spellings '
pre 2 0.46
post Ou1s6
ret 0.49
Non-C.A.L, Group (Control)
Math Math Math
pre 2 post ret
Spelling:
pre 2 0.69
post - 0451
ret | 0.60

r 4,388 (,05)
Z‘< ohgé (001)




163,

APPENDIX F

RAW SCORE SUMMARY TABLES

(MEANS AND STANDARD DEVIATIONS)
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APPENDIX F

TABLE FIFTEEN: (Raw Score Summary Tables -
Means and Standard Deviation)

Group 1 (CeA.L. Arithmetic) Arithmetie Scores

Ret =

Pre 1 Pre 2 Post
1. L6 Le3 L.8 L.8
2. 5.3 5.6 5.7 5.2
3e - 5.6 643 6.8 6.8
Le 3.3 3.0 Ll L.5
5e 3.5 3. 3.9 L.,0
6. L.2 Le La7 L.9 -
Te L9 5.1 543 5.2 -
9. L6 3.8 5.6 5.6 :
10, L6 L5 6.2 5.9
11, 6.2 5.2 7.1 7.9
12, 5.4 6.0 6.6 6.7
13, 2.1 2.1 3.0 2.8
1. 5¢7 L.6 6.0 5.3
15, 5.7 5.9 6.14. ",7;2
16. 5.8 5,6 642 6.1
17, 53 WA 6., 6.k
18, 6.6 77 77 6.6
19. 5.8 5.9 6.2 6.0
20, 1.8 1,8 1.8 1.8
21, 6.0 4.9 5.8 5.2
22, 6.3 6.6 6.5 6.3
23, 5.6 5.3 5.7 5.0
2o L.8 LJ7 4.9 5.0
Totals 119,70 118,80 133,40 131,60
Means Lly0988 : L}o950 50 558 50h83
SeDe 1.250 1.380 1,335 1.350

(s.0.)%  1.56 1.90 178 1.82
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APPENDIX F

TABLE FIFTEEN (Cont'd.) (Raw Score Summary Tables -

Means and Standard Deviation)

Group 2 (C.A.I. Spelling) Arithmetic Scores

Ret

Post

Pre 2

Pre 1

2327..4327360/6.42 9316 5:41785

.....

Qu:/nunuxzzznuQ/:JQJQJﬂzhwq,szrLunwAu:)Q):/:JL4

t42l+367h.701283].»781686 7.8/0801
85’43558 3’4333’43.47 .h.h.lD 33’453

nv9~o/:/qrn7n:1Lo/1*Rvo/nununuw;QJognuxanuo/qu7
8 ..4335575-4332 33)46555-43.453

2/0 -4514.8.46 3575361760)4&5087
8 5.4.4557)45332.43.47555.43553

1.
2.
3e
Le
5.
6.
Te
8
9
10.
ll’
12,
13,
1.
15.
16,
17.
180
19.
20.
21,
2,
23.
2.

|

119.9

117,70

115.00

119,00

Totals

1,996
1.428
2,039

4490
1.485
26205

L.792
1.330

L.958
1.386

Means

SeDa

1,768

1.920

(s.D. )2
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APPENDIX F

TABLE FTFTEEN (Cont'd.) (Raw Score Summary Tables -

Means and Standard Deviztion)

Group 3 (NON-C.A.L.)Arithmetic Scores

" Ret

Post

C——————————

Pre 1

Omet——————————

785191315980750 0 36900709

NN QJAV:/zz:zAvo;og1¢QJ9~o;:zqao;:uc):;nopbloyb )

671090910782972371805900
77365556)42132 3533..456856/0

1]451/0214}40/18 QIO/OOO//O/O l.w/O )4..483
7 7 37 5)45/0 331223523146 57/0 55

62590920.&.582114299104108
88356366331 33.4./43214658755

1
2,
3.
Lo
Se
6
7e
8e
Ge
10,
11,
12,
13.
14.
15,
16,
17.
18,
19,
20,
21,
22,
23,
2k

o
-3
®
j2 6]
i
o~

120,10

117,30

120,20

Totals

5,004 L.933

1.776

L.888

5.008

Means

1.755

1.719

1.907

S.D

3,154 3,080

2,954

3.636

(S.D.)2
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APPENDIX F

IABLE FIFTEEN (Cont'd.) (Raw Score Summary Tables -
. Means and Standard Deviationd

Group 1 (C.A.L. Arithmetic) Spelling Scores

Pre 1 Pre 2 Post Ret
1. 4.9 5.0 6.1 6.0
2e Lok 50 5.1 54
3. 5.3 565 L.9 6.0
Le Lely L0 3.h 4.8
5. 3.6 3.6 3.8 3.6
b 2.1 2.2 3.6 3.5
7 55 6.0 5.8 6.0
8. 3-9 l;-.O 5.[;. ' 5.l+ ’
90 501 llvos leoli- 501
10. 6.3 5.9 6.1 6,0
11, 5e2 5.8 6.3 5.5
12. 5.5 5¢5 L.7 he2
136 3.8 3k L.l 3.5
14. L.8 5.0 5¢L 5.3
15, Te5 7.1 7e5 7.0
160 : 7.0 ’ 6.6 705 702
17. 7.0 7.l 7.3 7.0
18, 6.3 5.6 6.3 5.9
19. 564 5.8 6.1 56l
20¢ 1.8 1.8 1.8 1.8
21, 70 6.7 6.6 6.6
22, 7e5 740 845 8.0
23, 5.6 567 L3 3.9
2&'0 l"‘s AOB l"02 LF'S
Totals 124.40 123,40 129,50 127.60
Means 5.183 50142 L 5,396 5317
S.D. 1.511 1,435 1.546 1..21

2 . - R
(s..) 2,283 ' 2,059 2.390 ' 2,019
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APPENDIX F

TABLE FIFTEEN (Cont'd,) (Raw Score Summary Tables -
Means and Standard Deviations)

Group 2 (C.A.L. Spelling) Spelling Scores

Pre 1 Pre 2 Post Ret,
1. 8.1 7.0 8.3 8,1
20 505 508 608 . 6'3
3 S5kt 5.4 5.9 5.7
Lo 5.5 5.5 6.0 5.6
5 5.9 6.1 5.8 5.6 -
6. Le8 5.0 5. 5.2
7e 3.8 3.4 L.5 Lok
8, L6 L.O 5.2 501
9e Lo, 3.9 L.8 L.6
lOo l&ol 3.6 308 308
11, L.b 4.8 L7 Le3
1z, 3.5 3.0 L.9 L.7
13. 3.2 2.7 3.0 3.4
1. L.6 4.0 L5 Le3
15, 5.5 5.7 5.4 5.%
16. 5.5 5.6 5.6 6.1
17. 7.0 6.3 7.3 6.6
18, 5.0 L7 6,0 5.4
19, 6.1 6,1 6.6 6.6
20, he2 3.9 5.1 5.1
21, 3.6 - L3 L.6 L6
22, Sek 5.3 5.6 5.5
23, 6.8 7.0 28,0 7.6
24, 2.8 2.8 3.4 3.2
Totals 119,70 115.90 131,20 127,50
Means 54.988 L.829 5.467 5313
S.D. 1.259 1,270 1.304 1,202

(s.D.)2 1.585 1.612 1,700 1040
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APPENDIX F :

IABLE FIFTEEN (Cont'd.) (Raw Score Summary Tables -
Means and Standard Deviation)

Group 3 (Non-C.A. L. ) Spelling Scores

Pre 1 Pre 2 Post

Ret
l. 606 5.7 ’ 700 6;8
3. 4.8 4.8 : WA 5¢3
Lhe 7.3 6.8 6.8 6.8
5e 8.1 7.8 8.1 743
S he2 el 5.1, L7
7e 4.8 Le7 L7 L.
80 509 700 700 703
9e L7 562 5.9 542
10. 6.3 6.0 5.3 6.6
1. - 2.0 1.8 2.0 2,0
12, 3.2 2.4 3.0 2.4
13, 3.9 3.0 3.7 3ehy
14, 2,8 2.4 3.0 T 2.7
154 3.6 3.6 2,0 2.1
16, 3.4 3.2 2.4 2,0
17. 2.7 2.5 2.1 2.1
18, S50k 503 5.7 5.7
19, 5.7 5¢5 6.8 6.1
20, 8.5 746 7.6 7.3
21, 6.1 6.6 6.5 6.4
22, 54 5.0 4.3 5.1
23, 5.6 5.1 561 5.5
2L, 7.0 6.4 8.1 73
Totals 122,40 118,30 . 124,50 120,60
Means ' 50100 l&0929 ‘ 50188 50925

© SoDs 1.731 1.711 1,995 1.951
(5.0.)°  2.99 2,927 3.980 3,806
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APPENDIX G

LEARNING CURVES FOR EACH SUBJECT

ANALYSTS OF GROUP DATA
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APFENDIX G
LEARNING CURVES FOR EACH SUBJECT ~ ANALYSTS OF GROUP DATA

The learning curves and individual data for each subject will be
analyzed and discussed in this section, Graphs showing gains and losses
can be found in figures four, five, six, seven, eight, ahd nine for =
arithmetic achievement ang in figures ten, eleven, twelve, thlrteen,
fourteen, and fifteen for spelling achievement,

ARTTHMETIC ACHIEVEMENT . C.A.L, Arithmetic Group (Group 1)

As shown in figures four and five, 18 pupils showed gains from
pretest 2 to the retention test., Out of a11 the pupils in this group,
11 showed a decline from pretest 1 to pretest 2, while 11 showed an in-
crease and 2 remained constant, During the treatment veriod, 19 punilsv
increased while J remalned constant and 1 decreased sllghtly. During
the retention period, 8 pupils increased slightly, while 5 rem2ined con-

stant, and 11 decreased slightly, The greatest gain was 2,7 years,

the smallest was 0,1 year and the mean gain was 0,81 years,

CsAsLe_Spelling Group (Group 2)

As shown in figures six and seven, 17 pupils showed gairs from pretest 2
to the retention, Out of a11 the pupils in this group, 12 showed a decline

from pretest 1 to pretest 2, while 11 showed an increase and 1 remained

constant, During the treatment period, 11 pupils increased, whlle 6
remained constant and 7 decreased, During the retention period, 10
pupils increased, while 3 remalned constant and 11 deﬂreased Sll?huly.
The greatest gain was 1,2 years, the smallest gain was 0,1 vear, and

the mean gain was 0,68 years,
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Non-C.A.L. Group (Group 3)

Fewer pupils showed gains in this group than did puoils from the
. two C.A.L. groups. As shown in figures eight and nine, only 11 pupils
showed gains compared to 13 that made no gains, Out of all the pupils
in this group, 13 pupils declined from pretest 1 to pretest 2, while

9 increased and 2 remained constanf. During the treatment veriod,

15 showed gains, 7 showed losses and 2 remained the same, During the
retention period, 7 pupils increased, while 6 remained constant and

| 11 decreased, The greatest gain was 0.9 years, the smallest was 0.1,

and the mean gain was 0.L5 years,

SUMMARY FOR ARITHMETIC DATA

Out of all 72 subjects, 41 showed no gains compared to 31 that
showed gains from pretest 1 to pretest 2, This mixed result may be
explained partly by the observation that most of the pupils seemed to
be more anxious during pretest l;wthus making pretest 2 more reliable,

The day of pretest 2 was an unususlly warm day. Some of the
pupils were observed to be uncomfortable due to heat in the testing
rooms This may have adversely affected the scores of sdme of the
pupils on pretest 2,

As shown in the graphs, the geins in arithmetic achievement made
by the C.A.L.~arithmetic vupils are larger than those of the other punils.
For example, the mean gain in the C.A.IL, arithmetic group was 0,81 years,

compared to 0,68 years for the C.A.lL. spelling group end 0,45 for the

non C.A.L. group., Overall, from pretest 2 to retention test, 17 nupils
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from the C.A.L. arithmetic group made gains cbmpared to 17 from the
C.A.L. spelling group and 11 from the non~C.A.L. group,

During the retention period, 11 pupils from each group showed
losses, compared to 13 from each group that gained or stayed constant.
Regardless, the gains or losses were small compared to the overall gains,

Therefore, retention of learning remained fairly constant,
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APPEMNDTX G

' TABLE STYTFEN -
Summary of Arithmetic Groun Data

Gains Losses Constant
Group 1
1) from pretest 1 to pretest 2 11 1n 2
2) treatment period 19 1 . L
3) fetention period 8 ' 11 | 5
L) overall from pretest 2
to retention test 18 I 2
| ‘Group 2
| 1) from pretest 1 to pretest 2 11 12 1
2) treatment period 11 7 6
3) retention period 10 11 3
L) overall from pretest 2
to retention test 17 7 0
Group 3 _
1) from pretest 1 to pretest 2 9 13 -2
2) treatment period | 15 7 2
[3) retention period 7 1 | 6
L) overall from pretest 2
to retention test 11 12 l
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FIGURE FOUR - Learning Curves of the Subjects from the
C.A.L. Arithmetic Group Showing Gains in
Arithmetic Achievement

8.5
8
75
7
Grade . S — .
Level 6.5 -
in .
Arithmetic
Computation 6:
(Year &
Months)
565
5
he5
L
345
3
2.5
2
1.5
1
0

pre 1 pre 2 post ret



176,

FIGURE FIVE - Learning Curves of the Subjects from the
C.A.L. Arithmetic Group Showing No Gains
in Arithmetic Achievement
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FIGURE SIX - Learning Curves of Subjects from the C.A.L.
Spelling Grouv Showing Gains in Arithmetie

Achievement
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FIGURE SEVEN - Learning Curves of Subjects from the
. C.A.L. Spelling Group Showing No Gains
in Arithmetic Achievement
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FIGURE EIGHT = Learning Cx.zrv'es 9f Subjects from the Non-C.A,L
Group Showing Gains in Arithmetiec Achievement )
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FIGURE NINE -~ Learning Curves of Subjects from the Non-C.A.L.
Group Showing No Gains in Arithmetic '
Achievement
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APPENDIX G (Cont'd,)

SPELLING ACHIEVEMENT - C.A.L,. Amthmetlc Group (Group 1)

As shown in figures ten‘and eleven, 14 pupils showed gains from
pretest 2 to the retention test, while 10 pupils showed no gains;
Out of all the pupils in this group; 11 pupils increased from pretest 1
to pretest 2, while 10 declined and 3 remained constant., Most punils
generally increased during the treatment period (15 out of 2h), while

most declined slightly or stayed constant durlng the retention period

(18 out of 24)e The greatest gain was 1.4 years, the smallest gain

was 0,1 years and the mean gain was 0659 years,

C.A.L._Spelling Group (Group 2)

| As shown in figures twelve and thirteen, 21 pupils gained from .
pretest.2 to the retention test; while 3 pupils showed no gains., Out

of all the pupils in this group, 10 pupils increased from pfetest,l to
pretest 2, while 12 declined and 2 remained constant. Most pupils gener-
ally increased during the treatment period (20 out of 24), while most

. declined slightly during the retention period (17 out of 2L)., The

greatest gain was\1.7 years, the smallest gain was 0,1 years and the

mean gain was 0.6l years.

NoneC.A.L. Group (Group 3)

As can be seen in figures fourteen and fifteen, 14 pupils showed

gains from pretest 2 to the retention test, while 10 pupils showed no

gains., Out of all the pupils in this group, 5 punils increased from
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APPEMDIX G (Cont'd.)

pretest.l to pretest 2, while 17 declined and 2 remained constant.

Just over half of the pupils increased slightly (13) during the treatment
'period, thle 5 declined and 6 remained constant, During the retention
period, just over half (14) declined, vhile 6 gained and 4 remsined
constant. The greatest overall gain was 1.1 years, the smallest gain

was 0,1 years, and the mean gain vas 0,48 years,

 SIPPAARY FOR SPELLING DATA

OQut of all 72 subjects; L6 showed no gains compared to 26 that
showed gains from pretest 1 to pretest 2, This result is similar to
that attained for arithmetic, and corsistent with the explanation
offered for the arithmetic data.

As was the case in arithmetic, the graphs show that the gains in
spelling achievement attained by the C.A.L. snelling runils, were lsrger
than those of the other.pupils. For example, the mesn gain for the
CoeAsL. spelling group was 0.6 years compared to'a 0.59 years for the
C.2. L., arithmetic group and 0.,48 years for the non—C;A.L; Overall
from pretest 2 to the retention test; 21 pupils from the C.A,L. spelling
group gained, compared to 14 from the C.A.L. arithmetic group and 14 from
the non~C.A,L. group.

During the retention period, a majority of punils (49) declined or
remained constant, compared to 23 who showed small gains, This indicates
that retention for spelling was not as 7ood as it was for arithmetic.
This may be explained by the fact that the spelling drills were not as

suitable to the needs of the pupils as were the arithmetic drills.




APPENDIX G

TABLF, SRYFNTEEN

Summary of Svelling Groun NData

¥es.

Gains Losses Constant
Group 1
| 1) from pretest 1 to pretest 2 11 10 3

2) treatment period 15 8 1
3) retention period 6 15 . 3
L) overall from pretest 2

to retention test 1 9 1
Group 2
1) from pretest 1 to pretest 2 10 12 2
2) treatment period 20 3 1
3) retention period 3 17 L
L) overall from pretest 2 _

to retention test 21 2 1
Group 3
1) from pretest 1 to pretest 2 5 17 | 2
2) treatment period 13 5 g
3) retention period 14 6 L
L) overall from nretest 2

to retention test A7 8 2.
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FIGURE TEN - Learning Curves of Subjects from the C.A.Ls
Arithmetic Group Showing Gains in Spelling
Achievement
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FIGURE ELEVEN - Learning Curves of Subjects from the

CeA.L. Arithmetic Group Showing No Gains’
in Spelling Achievement
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-FIGURE TWELVE - Learning Curves of Subjects from the
C.A.L. Spelling Group Showing Gains
in Spelling Achievement
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- Learning Curves of Subjects from C.A.L,
Spelling Grouop Showing No Gains in
Spelling Achievement
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FIGURE FOURTEEN - Learning Curves of Subject from the
Non-C.A.L. Group Showing Gains In
Spelling Achievement
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FIGURE FIFTEEN - Learning Curves of Subjects from the
Non-C.A.L. Group Showing No Gains in
Spelling Achievement
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APPENDIX H

PROGRAMS PRESENTLY AVATLABIE ON

THE SYSTEM =~ C.A.L.M, MANUALS




‘CoOMPUTER AeSSISTED L.EARNING MeANUAL @

= DRILL AND PRACTICE iINoeo '
(1% MATHEMATICS
(2> LANGUAGE ARTS
(3> FRENGCH
= SKILL SHEETS
- EDUCATIONALLY~-BASED GAMES
- INSTRUCTIONS FOR USE OFeoo
(12> SHORTENED DATA
(2) INFORMATION SYSTEM

AFFILIATED SCHOOLS 2

BRITANNIA ELEMENTARY SCHOOL
STe JAMES ASSININBOINE SCHOCL DIVISION #2
- KEITH GRAHAM ‘ -

CENTRAL NORTH UPGRADING CENTER
TRANSCONA» SPRINGFIELD SCHOOL DIVISION
- ONFRIO FIORENTING |

ELLEN DOUGLASS SCHOOL FOR THE HANDICAPPED
WINNIPEG #1 SCHOOL DIVISION
- CATHI HILL

.

MANITOBA SCHGOL FOR THE DEAF
~ LOU REEVES

PRQGRQHS WRITTEN AND COMPILED UNDER SoToEePe BY

1975-1976 OLIVE RICARD
' - JOHN SYLVESTER
JOAN WASYLIW . | s

1976-1977 CHERYL BALABERDA : "
) SANDY HMILOVANOVICH 0
RICK SIMANAVICIUS

ADVISOR: DR. LAURAN SANDALS
DEPARTMENT HEAD

N QQLVATIQNAL PSYCHOLCGY : A
FACULTY OF EDUCATION

b%EVEPSITY OF MANITOSBA.

AUBUST 17, 1976




" AT. ADDSAN- DRILL IN ADDITION.

_88:838:::8:3228:38

] . ~

RECOGNITION DRILLS : ,

-

Ale NUMTYPE- FINDING NUMBERS AND LETTERS
e ON THE KEYBOARD.
~ LENGTH OF SEQUENCE BY SELECTION.

1

A2 NUMREC- RECOGNITION OF CORRESPONDING NUMBER

OR LETTER SEQUENCE,
BY MULTIPLE CHOICE.
= LENGTH OF SEQUENCE BY SELECTION.

A3. NUMSEQ- SEQUENCING A THREE-MEMBER NUMBER
: STRING. . .
= POSITION OF BLANK BY RANDOM SELECTION.
= RANGE: 1 TO 10, 1 TO 25, 1 TO 100 .
= BY SELECTION. - :

COUNTING DRILLS

Ad. _COUNT20~ COUNTING DRILL USING BOXES‘

AND SNOWFLAKES. :
= PARAMETERS BETWEEN 2. AND 20
BY SELECTIiOoN . :

ASe COUNTXT- COUNTING DRILL USING $ AND [2
IN RANDOM SEQUENCES BY SELECTION»

A6e NUMLET- COU“TING DRILL USING NUMBER AND
' LETTER SEQUENCES. '
 PARAMETERS 2 TO 20 BY SELECTION

ADDITION DRILLS _ f,

4
.

= RANGE OF PROBLEMS FROM 3, 1-DIGIT -
NUMERALS TO S5,5-DIGIT NUMERALS ON

| SELECTION.
AB. ADDSUBI- DRILL IN ADDITION OR SUBTRACTION.
~ PARAMETERS BETWEEN 1 AND 19 BY . g
SELECTION. ,

AS« MISS1- ADDITION, SUBTRACTION, AND MULTIPLICATIO
' EQUATIONS WITH MISSING NUMERALSe - o

A10. ADDODEC- DRILL IN ADDITION OF DECIMALS.
T = 1 TO 20 RANDOMLY GENERATED PROBLEMS.
- ADDITION OF 2 TO 6 NUMBERS.
;o = 1 TO &6 DIGITS IN EACH NUMBER.
= CHOICE OF NUMBER OF DECIMAL PLACES IN
THE NUMBERS. S .
« ALL BY SFLEOTIAN. - -

e : '“":...;-hﬂ;&“ ‘
MATHEMATICS DRILLS = - T
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 SUBTRACTION DRILLS ~~~ ™" oI e

Somoceneceiraecccsnaa

193,
* All. SUBTSAN- DRILL IN SUBTRACTION. :
o - RANGE OF PROBLEMS FROM 2,1-DIGIT , '
NUMERALS TO 2,6-DIGIT NUMERALS BY
] SELECTION.
ABe ADDSUB1- DRILL IN SUBTRACTION OR ADDITION.
| '~ PARAMETERS BETWEEN 1 AND 19 BY

SELECTION. .

A9, MISS1- SUBTRACTIONo ADDITION: AND MULTIPLICATION
: EQUATIONS WITH MISSING NUMERALS.

sz. SUBODEC- DRILL IN SUBTRACTION OF DECIMALS-.

= 1 TO 20 RANDOMLY GENERATED PROBLEMS.

= 1 TO 6 DIGITS IN EACH NUMBER. '
CHOICE OF NUMBER OF DECIMAL PLACES IN
THE NUMBERS.
ALL BY SELECTION.

MULTIPLICATION DRILLS

LA L T e S ey o . v

Al3. MULTSAN- DRILL IN MULTIPLICATION OF

NUMERALS WITH 1 TO S DIGITS.BY A
CONSTANT 1-9 OR A RANDOMLY GENERATED
NUMERAL BY SELECTION.

A9. MISS1- MULTIPLICATION, ADDITION: AND SUBTRACTION
. EQUATIONS WITH MISSING NUMERALS.

DIVISION DRILLS ' o o

—-
~

Al4. DIVIDE- DRILL IN DIVISION. CHOICE OF .

. INTEGERS OR RATIONAL NUMBERSe
-~ DIVIDEND 1 - 9 DIGITS

- DIVISOR 1 = 5 DIGITS S T
,.l \"‘ ' ) o \
WORDED PROBLEMS ; ' L T .
|AlS. WORD1- SHORT SIMPLE WORDED PROBLEMS IN . ° ;

‘- ADDITION»SUBTRACTION:MULTIPLICATION:» .
AND DIVISION. . :
Al6e WORD2- WORDED PROBLEMS USING COMPLETE
SENTENCES "IN ADDITION, SUBTRACTION,
MULTIPLICATION -AND DIVISION.

AlT. MONEY!- SIMPLE WORDED PROBLEHS DEALING WITH
MONEY IN ADDITION, SUBTRACTION,
. MULTIPLICATION AND DIVISION», AND
o RELATIONAL PROBLEMS.
N . = DECIMALS NOT INVOLVED.:




A b R et

{AQSo MONEY2- WORDED PROBLEMS 1IN DEALING %ITH 194,
DOLLARS AND CENTS.

~ INVOLVES ADDITION, SUSTRACTION»
HULTIPLICATIQNa.AND DIVISION.

Al9. MONEY3~- WORDED PROBLEMS THAT EACH INVOLVE
. THO OPERATIONS.
= USES ALL POSSIBLE COMSINATIONS OF
- THE 4 MAJOR OPERATIONS. - _ 4 L
= 1 TO 15 RANDOMLY GENERATED PROBLEMS T : S
‘BY SZLECTION. » L

.

A20+. RELATE- RSLATZONAL.PROBLEMS INVOLVING
: NUMBERS ONLY, OPERATIONS» YORDED
PROBLEMS AND VARIABLES{

FRACTION DRILLS - e AT

- A21s FRACTI- DRILLS IN ADDITION» SUSTRACTION SRTRERNEETEI PR R
7 MULTIPLICATION, DIVISION, REDUCTIONs SR ;
AND RELATIONAL FRACTIONS. , vore S

= 12 DIFFERENT DRILLS OF 1 - 10 ~
RANDOMLY GENERATED QUESTIONS. L
= PARAMETERS 1 -~ 9 OR | - 25 BY SELEGTION.

L

LANSUAGE DRILLS . v - . B

=====-‘-‘========= . . . =

Ble ALPHAi- DRILL IN HRITING ALPHABET v
) = FILL IN MISSING BLANKS (UP TO S)
! FROM ENTIRE ALPHABET WITH BLANKS )
.. = COMPUTER HELP AVAILABLE BY REQUEST, = - . - .
v -= USEFUL FOR OCCUPATIONAL THZRAPY, o

-

- B84 ALPHA2- DRILL IN COMPLETING ALPHABETICAL.
. S~LZTTER SEQUENCE.

= BLANK POSITION BY SELECTION. e
~ COMBINATION AVAILASLE. _ . - Coe

£3. UWXDAYS- PRACTICE I VOCABULARY,SPELLING,AND
' SZQUINCZ OF WZEZKDAYS OR SEASONS.
- =.CARZFULLY PREIPARED SEQUENCE OF DRILLS.

B4o  MNTHS- PRACTICE IN VOCABULARY, SPZLLINGs AND
: "STBUENCE OF MONTHS. S
= CARIFULLY PREPARED SEQUENCE OF DRILLS.

25 WAGHHAT- SASED, ON THE RHODE ISLAND CIRRICULUM .
. FOR THZ DEAF. .
.. = 2LS0 APPLICABLE TO HEARING STUDENTS.
= ORILL IN PZRSON OR THING®» WHO WHATS
Y. AMD VZR3S. _
= SIX DRILLS OF TEN OUZSTIONS SACH.
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B7e

B8e

B9e

10,

Bilg.

Bide

'BEVSRSS- BASID ON THZ RHODE ISLAND CIRRICULUM 7

FOR THE DEAF.

= ALSO APPLICABLE TO HEARINS STUDENTS. 195,
~ BEI VEZRBS3», AUXILIARY WORDS>QUESTIONS :

= PRACTICE IN SENTENCE FORMATIONS.

USING CORRECT PUNCTUATION.

- - STX DRILLS OF TEN QUESTIONS EACH.

SENPAT 1~ SAS‘D ON THE PHODE ISLAND CIRRICULUH

RHODE1-~

RHODE2-

o

RHODE1A-

FOR THE DEAF. , .
DRILL IN SENTENCE PATTERN 21 .
ALSD APPLICABLE TO HEARING STUDENTS.
DIVIDED INTO THRES VOCABULARY LEVELSe
£ACH LEZVEL IS DIVIDED INTO 3 TENSESe
EACH TENSE DIVIDED INTO 3 TOPICS.
COMBINATION DRILLS PROVIDED -

BASED ON THE RHODE ISLAND. CIRRICULUH
'FOR THE DEAF. :
ALSO APPLICABLE TO HEARING STUDENTS.;
DRILL IN WHC AND WHAT HORDS>ADVERBS,
THE QUESTION FORMAT AND SENTENCE o
PATT@RNS ! AND 2
BASED ON THE RHODE ISLAND CIRRICULUM
FOR THE DEZAF. .
ALSO APPLICABLE 71 HEARING STUDENTS.
DRILL IN SIMPLE PAST,PRESENT> AND '
FUTURE TENSES.
SIMPLE EXPANSIONS - o
SENTENCE PATTERNS 3>4s AND S. -

BASED ON "H: RHODE ISLAND C'RRICULUH
FOGR THZ DEAF. : .-

= ALS0 APPLICABLE TO HEARING STUDENTS.’

MREAD1~
(OLD)

DRILL IN 'IS A PEZRSON® & *IS NOT A PLRsov"
TEASHER KAS OPTION OF USING NAMES OF
_HER CLASS IN THE DRILL

DRILL IN CORRECT USE GF IRREGULAR
VERBS. -

. PROGRAM OFFEZRS 10 DRILLS WITH 9

GUESTIONS IN EACH.
IRREGULAR VERBS: TO BE, TO GO0» TO DO
TO SZE AND TO COME.

DRILL IN CORRECT USE OF IRREGULAR
VERSS. '

PROGRAM OFFERS 10 DRILLS WITH 9 -~ =

QUE3TIONS IN EACH.
IRRIGULAR VZREBS: TO HAVEs TO RIDE,
70 FALL: TO RUNs AND TO SET. '

DRILL IN TA” CORRECT USE OF IRRFGULAR S
YIR3Se . T T

PROGRAY OFFIRS 10 DRILLS WITH 9

SUESTIONS 1IN EACHe . | :
IRNEEULAR VERBES: TO BIGIN» TO GIVEs
T0 UHRITZ, TC BREAKs AND TC SAYe

DRILL IN C~XSSZFY;NG 03JECTS. o . :
STUDINT XS GIVEN A GRCUP OF FOUR U Lo

.. WORDS AND ASXED TO CHCOSE THE WORD
JTHAT DOZSN'T BELOMG. :

i
:
i
i
i
|




- B1s. SPZLL20~ SPELLING DRILL WHERE STUDENT HAS I
’ ‘ '~ 7O MAKE A CHOIGE SETUWEEN TW0 SPELLINGS 196,

OF A CERTAIN WORD IN & SENTENCE. ’ T

= CHOICE OF SIMPLER WORDS OR HARDER VWORDS. ;
= 1 70 2C RANDDMLY GENERATED SENTENCES :
FOR EACH TOPIC - BY SELECTION . ol

Bl6e SPELL30- SPZLLING DRILL WHERE THE
) ’ STUDENT IS GIVEN FOUR RELATED
HORDS AND MUST GHOGSE THE MiS~ - S et
SPELLED ONE AND THEN SUPPLY ’ S ; SN
THE CCRRECT SPELLING OF THAT WORD. - ’ ;
= 1 TO 20 RANDOM QUESTIONS BY SELECTION. i T

B17. SPELBI~ 10 DIFFEZRENT SPELLING TOPICS OF S

) C(OLD) " QUESTIONS EACH. ‘ :

= REPORT CARD ISSUED AT END 0F DRILL. A

= INCLUDES TOPICS SUCH AS PLURALS,: "
OPPOSITESs PROVINCES> ETCe o :

B18. SPZLAl- EXPANSIONS OF SPELB1. PR
- ‘= EZACH. OF THE T=N TOPICS NOW HAS 10
SUZSTIONS INSTEAD OF 5. - . S
= TOPIC CALLED ‘*QUESTIONS? HAS. BEenN - : R
REPLACED BY ONE CALLED YABBREVIATIONS®. R
= HAS OPTION OF WHETHER THE ENTIRE LIsT .-
OF TCPICS WILL BE PRINTED. =

819« SYNANT- DRILL WHERE STUDENT DETERMINES P R .
.- ' SYNONYMS AND ~ OR ANTONYMS OF WORDS - GV
FROM THE CONTEXT OF A SENTENGE. - T
= 1 TO 20 RANDOM SENTENCES OF EACH .
BY SELECTION. : R

B20. HOMONYM- DRILL IN USING THE CORRECT . T

FOHONYM FROM THEZ CONTEXT OF - , .
THE SENTENCE. . Lo

* = 1 70 20 RANDOMLY GENERATED QUESTIONS
BY SELECTION. o 4 '

. 'B23. PRON3- SIX DRILLS ON NOMINATIVE AND
. OBJECTIVE FORMS OF PRONOUNS. o
- DIVIDZp ACCORDING TG SINGULAR OR
PLURAL PRONOUNS. S
" . = COMBINATION ALSO AVAILASLE. = R

822. PRONOUN- DRILLS 1IN FIVE UNITS OF PRONOUNS. ,
= READABILITY APPROXIMATELY GRADE 2 . -
- HOMINATZVE,oaJscrzvz,POSSESIVE,
AND COMSINATIONS. .
= PROGRESS TO NEXT UMIT ADVISED BY COMPUTER., .
. t . .
823« PAIR1- DRIL: IN CHEOGSING THT CORRECT E
i ) T NIGATIVE VERS FORM ¢ SINGULAR = PLURAL )
FROM THI CONTEXT OF TH:Z SENTENCE.
= SIA DIFFERENT DRILLS OF 10 QUESTIONS
"ZASHE -~ 3Y SILECTIONS :

-

Bz4s  Parre- pRini In CHOCSING THEZ CORRECT
) CF QOMMONLY ISUSTD ParR F
- E8¢ (& LIND -~ ZORROW 3 .
~ SZVYIM DRILLS ©F 10 QUEISTONS =aCH

R R N sl ol ]
- BT SELECTION.




M

B2S. ROOTVB- DRILLS IN EXTRACTING ROOT WORDS OR P
IN ADDING ENDINGS TO ROOT WORDS.
~ 'ING® AND °'ED' ENDINGS BY CHOICE. T 197,
: REGULAR AND IRREGULAR VERBS ’
COMBINATION PROVIDED
WRONG AMSHWER GIVES CORRECTIVE FEEDBACK

B26s PREFIX- DIVIDING WORDS INTO ROOT WORDS ‘AND
PREFIXES AND/OR SUFFIXESe
+PROGRESSION IN SMALL STEPS.
-COMBINATION AVAILABLE.

.

'B27. VERBI1- DRILL IN CHOOSING THE CORRECT FORM
7 OF THE VERB FROM THE CONTEXT OF THE
SENTENCE IN WHICH IT APPEARS.
= FOUR DIFFERENT DRILLS OF 1 TO 1S -
RANDOMLY GENERATED QUESTIONS - BY
SELECTION. :
- INVOLVES REGULAR», ,JRREGULAR» SINGULAR
AND PLURAL VERBS OR A COMBINATION OF ALL.

B28. VERB2 DRILL WHERE THE STUDENT MUST TYPE
IN THE CORRECT FORM OF THE GIVEN VERB .
FROM THE CONTEXT OF THE SENTENCE IN WHICH . e
IT APPEARS. INVOLVES REGULAR .AND o . .o o ;
- IRREGULAR VERBS. ' L o 4
=~ 1 TO 15 RANDOMLY GENERATED QUESTIONS- B ' i
- BY SELECTION. : :

AN

B29+ STORY1~- DRILL IN READING COMPREHENSION OF . 1 : EE
T " SHORTs SIMPLE 3-~LINE STORIES. : : : §
-~ STUDENT IS GIVEN MULTIPLE~CHOICE “ : ' f
- QUESTION ABOUT THE MAIN IDEA OF THE
STORY.
- 1 TO 15 RANDOMLY GENERATED STORIES .
BY SELECTION.

B30« STORY2- HIGH INTEREST, LOW LEVEL READING -
- ) COMPREHENSION«
- EXTENSION OF STORY!1 - :
-1 TO 10 RANDOMLY GENERATED STORIES. : -

B3l. COMPARE- 4 DRILLS IN COMPARISONS OF ADVERBS -
o AND ADJECTIVES, AND COMPARISONS USING
*MORE® AND °*MOST'. S
= 1 TO 15 RANDOMLY GENERATED QUESTIONS - «
- FOR EACH TOPIC - BY SELECTION. - :

B3e2. POSSESS- S DRILLS IN POSSESSIVE SINGULAR
i AND PLURAL NOUNS, PRONOUNS, AND
ADJECTIVES. '
= 1 TO 15 RANDOMLY GENERATED QUESTIONS:
FOR EACH DRILL - BY SELECTION.

B33. COMP1- WORD DRILL IN IDENTIFYING wORD-PARTs
. ", AND FORMING COMPOUND WORDS.. o :
» = EACH TYPE OF DRILL IS AT THREE
- LEVELS: SIMPLE, INTERMEDIATE, AND
HARDER WORDS. _ ‘
© = WORDS ARE KEPT CONSTANT FOR EACH LEVEL.
B34s PREP1- DRILL IN THE USE OF PREPOSITIONS.
' - =1 TO 20 RANDOMLY GENERATED SENTENCESe
~PREPOSITIONS USED: IN, WITH, TO» ONs
[~ =FORs AND FROM. . .




B35. CONTRN-

L3

B36. SYLACT-
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EXPANSIONS 7O CONTRACTIONS
CONTRACTIONS TO EXPANSIONS

NEGATIVES, °BE VERBS®s AND *HAVE VERBS*
COMBINATION AVAILABLE

DIVIDING WORDS INTO SYLLABLES AND

‘PLACING ACCENTS.

COMPOUND WORDS, DOUBLE CONSONANTS,»
PREFIXES,SUFFIXESs ETCo
COMBINATION AVAILABLE

B370 RHYME~ DRILL IN RHYMING WGRDS AT TWO LEVELS.
. - LEVEL #! WORDS HAVE THE SAME ENDINGS

= LEVEL #2 WORDS HAVE DIFFERENT ENDINGS
= EACH LEVEL IS DIVIDED INTO 354,556 3

LETTER WORDS-

B38. DICTNI-

-
-
-

B39. ANALOGY-

DRILL IN.- *ALPHABETICAL ORDER®

HELPFUL FOR BEGINNING DICTIONARY WORK.
WORDS WITH DIFFERENT FIRST LETTERS

WORBS WITH SAME FIRST LETTERS

NUMBER OF WORDS TO BE ORDERED (2 TO 5)
BY SELECTION I
DATA BANK OF 240 RANDOMLY SELECTED WORDS

PRACTICE IN SOLVING ANALOGIES
JUNIOR~-HIGH LEVEL AND UP

ANALCGIES INVOLVING OPPOSITES
ANALOGIES INVOLVING CAUSE AND EFFECT
TWO LEVELS OF REASONINGS

DIRECT AND INDIRECT.

COMBINATION AVAILABLE

FRENGCH DRILLS

e Y]

DRILL IN USING THE CGRRECT.ARTICLES;

DRILL I¥ CONVERTING SINGULAR

THREZ DIFFERENT DRILLS OF 10
QUESTIONS EACH. -~ BY SELECTION.

NGUNS TO PLURAL NOUNS, AND IN
CONVEIRTING MASCULINE NOUNS TO

FEMININE NOUNS.

SIX DIFFERENT DRILLS OF 106 QUESTIONS
ZACHe = BY SELECTION.

TEN DIFFIRENT DRILLS IN VARIOUS
TOPICSe ALL DRILLS ARE IN THE .
SENTENCE FORMe - BY SELECTION.

]
ESULAR VERBS
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SKILL SHEETS ’

Eansssnnnnas

NOTE: ALL SKILL SHEET PROGRAMS HAVEa.s..
1o OPTIONS FOR NUMBER OF COPIES REQUESTED
€. OPTIONS FOR WORKSHEET CONSTRUCTION
3. BETWEEN 1 AND 20 RANDOMLY GENERATED QUESTIONS
4. ANSWER KEY PROVIDED |

Di. ADDSKIL~ ADDITION WORKSHEETS o
= PARAMETERS FOR NUMBER AND COMPLEXITY
OF -ADDENDS (2 TO 5) BY SELECTION.

D2, SUBSKIL- SUBTRACTION WORKSHEETS _
. e = PARAMETERS FOR COMPLEXITY OF BOTH
SUBTRAHEND AND MINUEND BY SELECTION.

D3. MLTSKIL- MULTIPLICATION WORKSHEETS :
~ ' - PARAMETERS FOR COMPLEXITY OF NUMBERS
(DIGITS AND DECIMAL PLACES>
BY SELECTION.

'D4. DIVSKIL~ DIVISION WORKSHEETS -
- PARAMETERS FOR COMPLEXITY OF DIVISOR
AND DIVIDEND (DIGITS & DECIMAL PLACES)
BY SELECTION. |
\
DS. FRSKILi- 1> REDUCTION OF FRACTIONS .
" 2> ADDITION OF FRACTIONS WITH
'* DIFFERENT DENOMINATORS
Déo FRSKIL2~ 1) SUBTRACTION OF FRACTIONS
2) MULTIPLICATION OF FRACTIONS
3) DIVISION OF FRACTIONS

D7. FRSKIL3- 1) ADDITION OF MIXED FRACTIONS
~ 2> SUBTRACTION OF MIXED FRACTIONS - -
3% MULTIPLICATION OF MIXED FRACTIONS «

> 43 DIVISION OF MIXED FRACTIONS

D8. FRSKIL4- EQUIVALENCE OF FRACTIONS .
~ RANDOMLY GENERATED BLANK IN EITHER
MUMERATCR OR DENOMINATOR OF EITHER

< FRACTION. : :

D9c RPSKIL~- 1> ROUNDING OFF DECIMAL PLACES
_ £2 PERCENTAGE
- PARAMETERS FOR COMPLEXITY OF NUMBER-
AND FOR DECIMAL PLACE OF ROUND-OFF

210. CVTSKIL~- 1) CONVERSION OF DECIMALS T0 FRACTIONS:
i ?) CONVERSION OF FRACTIONS TO DECIMALS

-



Ele

E2.

ESO

E4.

ESe

Eéoj

E7.

GUESS- GUESSING OF A RANDOMLY CHOSEN NUMBER
FROM 1 TO 100 :
- COMPUTER GIVES °'CLUES® SUCH aS
- *TOO HIGH® OR *'TO0 LOW®
- CONCEPT OF AVERAGES, QUICKEST
METHOD OF ELIMINATION, ETC.

BLACKM~ OBJECT: TO LEAVE ONE PLAYER WITH
’ ' THE TWENTY~FIRST MATCHe ,
-~ USEFUL DISCOVERY APPROACH TO UNUSUAL
MATHEMATICAL PROBLEMS. '
- PRIMARY AND UP.

BMATCH- OBJECT: TO LEAVE ONE PLAYER WITH THE

LAST MATCH FROM A STUDENT-CHOSEN LIMIT.

- PREDICTION OF NUMBER OF MATCHES THE
COMPUTER WILL TAKE. '

- DISCOVERY OF GORRECT NUMBER LIMITS
NEEDED TO °*FOIL' THE COMPUTER.

~ USE AFTER 'BLACKHM® .

DICE~- SIMULATED 'CRAP GAME'®
- USEFUL FOR STUDY OF PROBABILITY
AND STATISTICS.

GUNNER~ SIMULATED °TARGET PRACTICE'

= USEFUL FOR STUDY OF CONCEPTS OF AVERAGE

ANGLE» VECTOR» TRAJECTORY» AND
TRIGONOMETRIC FUNCTIONS.

PATTON- SIMULATED *MAZE' :
* =~ USEFUL FOR DEVELOPMENT OF INTERNAL
PERCEPTIONS OF A POSSIBLE .
TWO-DIMENSIONAL MOVEMENT.

MOON- SIMULATED °LUNAR LANDING' :
- = GOMPLEX COORDINATION OF VARIABLES OF
DISTANCE» FUEL CONSUMPTION > SPEED» TIME»
ACCELERATIONS>DECELERATION, ETC.
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. STUDENT INFORMATION SYSTEM

K.

OBJECT: - c | s -
AP ° \..

1+ TO KEEP a RECORb OF ALL STUDENT PROGRAMS, AND ALL
RELEVANT INFORMATION PERTAINING TO THAT PROGRAM.

HERE IS AN EXAM?LE OF THE DATA REQUIRED FOR MULTéAN.

NUMBER OF DIGITS IN THE TOP NUMBER o
WHETHER THE MULTIPLIER IS CONSTANT OR RANDOM | i
THE MULTIPLIERCIF IT IS CONSTANT)

THE NUMBER OF RUESTIONS ATTEMPTED

THE NUMBER OF CORRECT ANSWERS _ -

THE MARK

THIS DATA IS STORED AND IS bRINTED WHEN THE TEACHER
REQUESTS A LISTING OF THE STUDENT REPORT

8 TO ENABLE THE TEACHER TO OBTAIN A LISTING OF A REPORT
FOR THE INDIVIDUAL STUDENTS THAT THEY MAY WANT», OR
FOR THE ENTIRE SCHOOL.

» . . . .
L . . . . .t '
A . . L . . ) e N . - .
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APPENDIX T

SUMMARY OF COSTS




APPENDIX T

SUMMARY OF COSTS

Initially, there were three schools involved in thls project—the.
Ellen Douglass School for the Physically Handlcapned the Manitoba
School for the Deaf, and Central North Ungradlng in Transcona, The
total annual cost for the entire project was $15 030, The Denartment
of Education contributed 60% of the total cost, whlle each school division
was responsible for their share of the remelning LO%, or $2, 000 per annum
per school division,

A breakdown of monthly costs for the term1na1 at Central North is
as follows:

1) computer terminal $ 62,65

2) monthly telephone line costs 7.65

3) computer connect time , 100,00

L) processing time 25,00

5) paper costs 15,00
Total | $210,30

L4

In addition, extra costs were incurred for student service fellowships,
program development consulting fees and discounted dlsc—storage Space,
Relating these costs to the number of pupils—assume that each
pupil is scheduled on the computer terminal for a 15-minute se551on.
Based on a 5% hour day, there will be 22 sessions nar day per punil,
Assuming a 20-day month, the totsl number of sess=ions would be approxi--
mately 44O, As shown above the totel apnroximate cost ner month was $210,

Therefore, the cost per pupil session is $210 = + 440 which is aporoximately

$0.48 per session,
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The cost effectiven?ss can be shown as follows:

During the three ménths of treatment, 17 pupils using C.A.L.
Arithmetic made aitotal gain of 149 months. Therefore; the cost
~ per pupil per month gain was approximately $8.39.

Similarly, in C.A.L. spelling, 21 pupils made a totzl gain of
127 months. Therefore; the cost per punil per month gain was .

approximately $9.8..




