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ABSTRACT

This study investigated the use of computer-assisted
learning in mathematics aé a drill and practice program for
low and average-achieving grade five and six students. Stu-
dents were divided into three general arithmetic achievement
groups (low, average, high) by means of the computation sub-
test of the Metropolitan Achievement Test. Three groups of
randomly selected students from the low and average achieving
groups of students were assigned to a control, a tutorial, or
a computer-assisted learning situation, All groups received
regular classroom instruction. The computer-assisted learning
group received additional computer-assisted learning programs
for a period of three months at three twenty-minute periods
each six-day cycle., The tutorial group received extra group
tutoring in mathematics from a resource teacher for the same
amount of time -~ three twenty-minute periods per six-day cycle
for three months. The resource teacher used computer generated
drill sheets for this tutorial program. The subjects were ad-
ministered the Metropolitan Achievement Test (Arithmetic Compu-
tation Subtest) before (pretest 1, pretest 2), after (post-
test) and two weeks after (retention test) the different learn-
ing programs.,

The results showed that there were no significant dif-
ferences in arithmetic achievement between the three groups.

However, there was a significant difference over time for all
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groups. The Newman-Keuls probing procedure was used for de-
seriptive purposes to determine where the significant effects
over time occurred., This procedure with the results of the
combined group of students, and the low-achieving students,
indicated that there were significant differences at the .01
level between pretest (1) and the post-test and retention tests,
and between pretest (2) and the post-test and retention tests.
The results of the average-achieving group of students differed
in that the level of significance achieved between the means of
the pretest (2) and the retention test reached only the .05

level instead of the ,01 level, These results suggest that signie=
ficant learning took place over time with all groups and that
this can be said with more certainty in reference to the low-
achieving students.

Further descriptive tests revealed that the control
group of average-achievers did not show significance over time
while the C.A.L. groups for both average and low-achieving
groups showed fhe greatest gains over time,

The results of this study, while failing to demonstrate
statistically significant differences between groups, have
provided some statistical support in favour of C.A.L. as a use-
ful educational tool especially when used with low-achieving

students.
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CHAPTER I
INTRODUCTION
If the development of computers continues as it is

at present, then it is clear that, as Martin and Norman (1970,

p. 16) state in The Computerized Society:

"Children starting school today are
going to ... spend almost their
entire working lives in a world
markedly different from today, in
which it will be at least as im-
portant to understand and communicate
with computers as driving a car is
today."

In the nine years since the statement above was made,
computer-assisted learning (C,A,L;) has mushroomed. Patrick
Suppes (1971) predicted that by 1980, about 15% of students in
the United States at all grade levels will be in daily contact
with a computer for some aspect of their instruction, especial-
ly in elementary reading and mathematics. Recently, Cunningham
(1977, p. 450) reported that the American Institute for Research
recorded that between 1970 and 1975 there was a 12.8% increase
in the number of secondary schools that use the computer for
both administrative and instructional purposes. Approximately
27% of those secondary schools surveyed used the computer in
some way for computer-aided instruction.

Expansion of C.A.L. was made possible by the recent deve-
lopment in computer technology which has made the use of com=~

puters in education economically feasible., A second important

reason for the expansion of C.A.L. is the growing amount of



research which has indicated that Programmed Instruction

(P.I.) and C,A.L. are effective methods of teaching arithme-

tic, language and reading skills. This research will be re-
viewed in the next chapter. Further, the interest in C.A.L.
among teachers has contributed tremendously to this growth as

it promises an effective form of individualization and an ac-
companying change of role for the teacher. As Hansen and Harvey
(1969) point out, the teacher®s role can potentially change to-
wards involving more individual counselling, discussing, and
diagnosing functions; and fewer correcting, lecturing, and disci-
rlining functions. The advantages outlined above have been parti-
cularly attractive to special education teachers,

In the field of special education, P.I. and C.A.L. have
shown potential in teaching the culturally disadvantaged, the
mentally and emotionally handicapped, the physically handicapped,
the hearing and visually impaired., Little of the research, how-
ever, has been conducted with intact classrooms in regular public
schools or with locally prepared teacher-made programs. There-
fore, there is a need to evaluate any new application of C.A.L.
which attempts to assist slow learning and average learning stu-

dents,

Objectives of the Study

O0f particular interest, at the time this study was con-
ducted (1976), was the effect of teacher-made C.A.L. programs
on the academic achievement of low-achieving and average-
achieving students., 1In attempting to make C.A.L. an effective

educational tool, several gquestions must be asked:



1.
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Can C.A.L. be used effectively in a regular
elementary school?

Is it more effective with low-achieving groups

than average-achieving groups of students?

Are locally available C.,A.L. programs sufficiently
developed to be a valuable teaching aid in a modern
elementary school?

Will the use of C.A.L. directly or as a tutorial
aid effect student achievement?

Can any gains in achievement be retained after the

experimental phase?

It is the thesis of this study that C.A.L. can be an

effective and practical instructional tool for assistin
j

teachers in providing the optimum individualized program for

students with learning problems.,



CHAPTER 2

REVIEW OF LITERATURE

Introduction

A fundamental premise of education is that all child-
ren shall have the opportunity to develop the knowledge, skills
and attitudes that will enable them to lead a satisfying and
productive adult 1life, Educators have long sought ways to im-
prove the educational process and to correct the school’s pas?t
failures in providing the performance standards and appropriate
learning activities which develop the full potential of each
individual. ‘

One innovation of recent years which éhows great poten-
tial for furthering individualized education is computer-
assisted learning (C.A.L.). Generally stated, C.A.L. is the
use of a computer to provide or assist the instructional pro-
cess. Specific uses of C.A.L. and definitions will follow short-
ly. First, however, in order to appreciate the potential of C.A.L.
it is necessary to indicate some of its theoretical base., It
is the merging of several developments in education and the utili-
zation of newer media and technology which offers hope that C.A.L.
will contribute to the general upgrading of education. Major
developments were made in the psychology of learning and instruc-
tionj programmed instruction; computer-managed and computer-
assisted instruction. Other contributing developments were:

the articulation of behavioral objectives and the specification
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of learner goals; the development of diagnostic and criterion-

references testing and flexible scheduling and staffing.

Computer Assisted Learning - Terminology

Computers in education have several specific appli-
cations. To avoid confusion this section will first mention
briefly the use of computers across the field of education.
This study however, is concerned with a narrower definition of
C.A.L. as will be outlined shortly.

Hall (1971) lists the following four uses of computer-
assisted instruction, He suggests that computers in education
can be used in the following ways:

1, Iaboratory Computing Device. Hall states that

prior to 1971 as many as 500 high schools in the
United States were making use of classroom term-

inals to allow students direct access to a come
pu‘ter.

2, Record Keeper and Retriever. Computers provide
school and administrators with a very efficient
system of recording and retrieving student data.
This assists with student program planning, cur-
riculum design and educational administration.

3, Simulation. The computer presents real-life
situations or problems for students to solve.
In this active problem-solving situation the
student experiments with alternative solutions
that would be too expensive or impractical in
real life. Medical and space research has made
extensive use of simulation.

4, Tutor. This is the most common use associated
with the term C.A.L. The most common form of
C.A.L. is as a tutor which provides drill and
practice problems to a student at a terminal.

A more complex view of C.A.L. as a tutor involves
the terminal presenting a sequential exposition
which provides the primary source of instruction
for the student. In this form a relatively
complete source is presented to the learner

by means of a computer.



More recently researchers have considered tutorial
systems and drill and practice systems as separate systems,
Taylor (1974) distinguishes between the two as follows:

1, Drill and Practice -

The drill and practice mode of C.A.L. involves
the use of the computer to drill students in
facts or to assist the student in practicing
skills, With drill and practice, facts or
skills are taught through some other mode or
means., The students then use C.A.L. drill and
practice to memorize those facts or to pract-
ice those skills,

2., Tutorial

The tutorial mode of C.A.L. is intended to
approximate the interaction which occurs between
a skilled patient tutor and an individual pupil.
A tutorial system is used to initially present

a concept and to develop a student®s skill in
using the concept.

This research is concerned with the use of C.A.L. drill
and practice. For this purpose the description of drill and
practice used by Fiorentino (1977, p. 5) is the most appropri-
ate,

"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 reached a criterion level of
proficiency, before advancement to more
difficult concepts is allowed. Thus drill
and practice is a learning method using repe-
tition of skills or facts on a random bases
to help in the job of memorization."

More recently Comvuter-Managed learning (C.M.L.) has

been referred to in the literature. Finch (1972, p. 46)
describes C.M.L. as a system for educational management that

integrates student information, curriculum data, and informa-



tion on resources in order to assist the teacher with indi-
vidualizing instruction. A comprehensive approach utilizing
C.A,L. and C.M,L. would go a long way in improving individua-
lized education.

For the purposes of this research, the studies refer-
red to will be those using C.A.L. as described above by
Fiorentino (1977).

Psychology of learning and Instruction

We have learned much about the teaching and learning
processes from various teaching models developed in the past.
Historical models such as the Socratic model or that develop-
ed by the Jesuits very early taught us the importance of follow-
ing a teaching model if we are to influence learning.

More recently, the models presented by people such as
Thorndike (1913), Cagne (1962), Flanders (1960), Carroll (1962)
and Stolurow (1965) have stressed the point that a model is
necessary if we are to keep all of the facts, concepts and
principles of the teaching/learning processes organized. The
modification of a basic teaching model (Glaser, 1962) by De
Cecco (1968) has provided us with an uncomplicated, yet fairly
adequate, conceptualization of the teaching process., De
Cecco's model has divided the teaching process into four com-
ponents: (a) instructional objectives (b) entering behavior
(¢) instructional procedures and (d) performance assessment,
This model is important to the recent innovations in educa-
tional technology for two reasocns. First, as mentioned earlier,
a model allows us to organize the great body of facts, con-

cepts and principles which make up any field of educational



study. Second, adequate teaching models allow innovations
such as educational television, programmed instruction and
computer-assisted learning to take their proper place in the

teaching/learning process.

Basic Learning Conditions and Instructional Procedures

Programmed instruction and computer-assisted instruction,

as compared to educational television, are two recent educa-

tional innovations which have taken a model of teaching seriously.

Both these methods have made an attempt to consider some of the
basic conditions necessary for learning. De Cecco (1968, p.248)
defines external conditions of learning to include the follow-
ingz' continuity, practice, reinforcement, generalization and
diserimination. While all of these conditions are important to
varying degrees in most learning, only the concepts of practice
and reinforcement will be discussed in this paper. This discus-
sion is important as it relates to one major use of C.A.L. --
drill and practice.

School subjects such as arithmetic and spelling provide
good examples of the importance of practice rather than on ini-

tial presentation. Ausubel and Robinson (1969, p. 274) esti-

mate that as much as 75 percent of al elementary school teacher®s

time is spent not in the initial presentation of new ideas, but

~

in the arranging, conducting, and evaluation of practice sessions.

Tn the first four years of arithmetic instruction, comprising
more than 400 hours of work, students learn at most a few hund-
red number combinations. Most of the student's time is spent

in rehersing these facts in various setting, committing them to



memory and applying them in simple problem situations.

In applying his "Law of Exercise" to the study of arith-
metic, E.L. Thorndike (1922, 1923) argued that the frequent
coupling of a response, such as "5", with a stimulus, such as
“3 4 2" would lead to the gradual strengthening of their con-
necting "bond" so that ultimately the stimulus would acquire the
power of eliciting the response. Ausubel and Robinson (1969,

P. 275) point out that as a result of his own research, Thorndike
went on to revoke his Law of Exercise. He found that there was
improvement in blindfolded subjects® performance on drawing
three inch lines only when they were told after each trial the
magnitude of their error, With this result, Thorndike (1931,
1932) concluded that the frequency of pairing the stimulus and
response had in itself little or no impact on the learning pro-
cess, and that its supposed influence must be attributed to
reward or knowledge of results, This position, bolstered by
other theorists (Guthrie, 1952) generally led to a distinterest
in and denunciation of the value of drill (the most highly
structured and repetitive kind of practice) and practice in
general,

Many educators continue to minimize the value of drill
and practice. In fact, the term "drill" evokes unsavory conno-
tations with many educators. As a result, there is not a great
deal of current research in this area. Drill and practice, how-
ever, are a necessary and indispensable part of classroom teach-
ing. Stroud (1942, p. 362-364) states:

"In appraising drill as a teaching procedure,
it is well to remember that it is not mere

repetition but repetition of the conditions
of learning that is effective. Drill can be
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effective, ineffective, or positively detri-

mental; spirited or spiritless., Pupils do

not necessarily learn just because they engage

in drill ... In the best educational practice,

pupils are engaged in drill after the need

for it has been demonstrated.*

Thorndike®s (1931, 1932) observations that knowledge
of results was as important as the frequency of pairing the
stimulus and response led to considerable research on how this
"feedback" would facilitate learning. The benefits of know-
ledge of results can be presented from a variety of theoretical
orientations - reinforcement, motivational or purely cognitive
grounds, In continuing with the behavioristic orientation of
E.L. Thorndike (1931), many other theorists (J.G. Holland, 1960;
Hull, 1943; Skinner, 1938, 1958) tend to attribute the effects
of feedback largely to “reinforcement® or to the direct strength-
ening effect of drive-reduction on the responses that are instru-
mental in obtaining a reward and gratifying a drive. Informing
the learner that a given response is correct presumably gratifies
cognitive, affiliative and ego-enhancing drives motivating the
response and hence, according to such theorists, increases the
probability of its recurrance (that is, "reinforces” the response),
(Ausubel and Robinson, 1969, p. 299).
More recent research on the benefits of the knowledge

of results has answered questions on the importance of the com-
pleteness, the frequency and the immediacy of feedback., Ausubel
and Robinson (1969, p. 301) provide a good review of this re-
search.

As Stroud pointed out (1942, p., 362-364), drill and

practice does not always insure that students will learn. He
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suggests that it is best used after the need for it has been
demonstrated. This advice is still very appropriate whether
traditional teacher instruction is being used or an alternative
instructional medium such as C.A.L. is being employed, In this
study, C.A.L. is an adjunct to regular teacher instruction. The
planning of the sequence of materials and initial presentation
of the material is handled by the teacher, The need for drill
and practice is identified by the teacher and then the C.A.L.

is used,

Individualization and Alternative Instructional Media

Educators, beginning in the late nineteenth century
(P.W. Search, 1894), have been interested in the goal of indi-
vidualization., Between 1920 and 1930 educators, influenced by
the work of Frederick Burk (Brubacker, 1966) devised and imple-
mented several laboratory-type plans for self instruction in
the lower school. While these plans required a great déal of
support and versatility on the part of teachers, they were self-
pacing and concerned with individualized achievemeﬁf: Further
early interest came from the mental testing movement. Ear;fl
intelligence tests (Binet, 1916) clearly demonstrated difféff
ences in speed of task completion among pupils; differences
easily confirmed by a teacher®s own obséfvations. At the time,
a great deal of individualized education took place in rural
one-room schools, Twenty-five children spread unevenly through
ages 6 to 14 necessarily committed the teacher to individual
pupil direction, recitation and evaluation.

Unfortunately, population increases and school consoli-

dations brought a number of educational practices which dampened
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the zest, enthusiasm and the obviousness of the need for
sndividualized instruction. Iarge classes brought about
wtracking” and "streaming® and many of the teaching practices
that still generally connote “teaching” as an inherently "“person-
mediated" activity. Separating children into homogeneous classes
according to measured mental ability within age groups is an
educational practice still with us even though studies have
conclusively demonstrated that this practice fails to increase
the achievement level of groups as a whole (J. Goodlad, 1960).

During this same sixty years, a number of alternative
instructional media were developed to supplement traditional
classroom instruction -- instructional radio, instructional
television, programmed instruction and most recently, computer-
assisted instruction. The initial application of this alterna-
tive media was primarily at the university level and was directed
at developing mass communication methods of instruction. large
group lectures and the adaption of closed~-curcuit television
are examples of alternative media initially being directed away
from individualization.

Interest in individualization had a surge about 20
years ago when B.F. Skinner (1958) advocated an educational
technology built around the use of teaching machines, Teach-
ing machines at the time were basically linear series of ques-
tions and answers to word problems called “frames®. Skinner®s
teaching machines and Pressey's (1926) earlier concept of
immediate confirmation soon developed into “programmed instruc-

tion®.
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In discussing individualized tutoring and programmed
instruction, Skinner (1958) outlines several important find-
ings that are directly relevant to C.,A.L. programs,

1. The most important aspect of instruction was

the arrangement of the instructional material
and not necessarily the teaching machine
itself,

2, Instruction should begin where the pupil is

and should not move beyond what the: pupil can
comprehend.,

3. Instruction should move at a rate consistent
with the ability of the pupil to learn.

4, There should be immediate positive reinforce-

ment for correct responses and incorrect
responses should be corrected immediately.

C.A.L., has great potential for furthering individualized
education., Care must bz taken however, to ensure that the ex-
perience gained by the work of Pressey, Skinner and others is
not lost and that the theoretical base remains in all of the
applications of C.A.L. in education.

The use of alternative instructional media has tremendous
potential in the area of special education. In order to under-
stand better the potential of C,A.L. in education, it is
important to examine and review the literature associated with
programmed instruction and C.A.L. with many different groupings
of exceptional children as well as with regular educational

programs.,

Programmed Instruction (P.I.)

In 1926 Sidney Pressey, (N.C.T.M. 1973, p. 137) of Ohio

State University, developed a device by which his students

might be tested and shown the results immediately. Pressey®s
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work remained relétively unknown in educational circles until
the principle of immediate confirmation was exploited in the
military trainers used during World War II. Since that time
programmed instruction, whether presented by machine or text,
has demonstrated its effectiveness in most areas of education.
De Cecco (1968, p. 487) describes P.I. by listing four of its
ma jor characteristics:

1. The material is broken down into small
steps (or frames).

2., TFrequent response is required of the
student,

3. There is immediate confirmation of right
answers or corrections of wrong answers for
each response the subject makes.

4, The content and sequence of frames were sub-
jected to an actual tryout with students and
were revised on the basis of data gathered
by the program author.

Programmed Instruction and Special Education

Malpass (1966) demonstrated the effectiveness of P.I.
in teaching reading to slow learning, culturally different
young children, Students were divided into a control group
(traditional instruction) and experimental group (teaching
machine and programmed workbooks). There were significant
gains in vocabulary development for the machine taught over
control, and workbook over conirol,.

P, Jacobs (1968) also demonstrated the effectiveness of
P.I. with culturally different groups. Differences in mathe-
matics achievement were eliminated between high and low ability
students,

Leslie Malpass (1967) reported on the use of P.I. with
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educable mentally handicapped students, Students from insti-
tutions and public school systems were assigned to three matched
groups. One group received instruction from a teaching machine,
another from programmed workbooks, and another by conventional
classroom methods, After 20 hours of instruction over five
months on the same material the groups using the P.I. materials
(machines and workbooks) showed significantly higher gains.

Other researchers have demonstrated the effectiveness
of P.I. with many different groups of exceptional children,
Holden and Roberts (1973) used P.I. and programmed tutoring
with slow learners. Donald Eldred (1966) conducted a three-year
investigation to determine the effects of P.I. with emotionally
disturbed and under-achieving adolescents. Pfau (1974) in report-
ing on the GE/Life Program stated that the program was being well
received by every population of the handicapped as well as the
" non-handicapped.,

Programmed instruction has been the forerunner to C.A.L.
and the implications of P.I. with exceptional children are close-

ly related to the development of C.A.L.

Computer-Agsisted learning -- Related Research

P.I. and C.A.L, have several characteristics in common
which account, in part, for their effectiveness. Sandals (1973)
has listed eight points showing how the use of individualized
instruction (both P.I. and C.A.L.) benefit the handicapped child
in comparison to traditional methods of instruction.

1. Small logical steps. Information is presented

in small steps so it is easy to master before
going on to the next small step.
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Self-pacing. Handicapped children learn to
schedule their learning and pace themselves more
constructively and thus can work at their own
speed.

Active Student Participation and Immediate Feed-
back. A cause and effect relatlonshlp is es-
tablished because if the student receives immediate
feedback, he will respond actively in order to get
the reinforcement again. Such active participation
and reinforcement enrich the learning environment
for the students.

Attention span. The use of small steps accommodates
the shorter attention span of handicapped learners.
Thus the students can leave an individualized in-
struction session and return later without having

to re-read much of the material.

Reduction of emotional dependence. The use of
individualized techniques helps the student by
providing the feedback but without the emotional
connotations, praise,; attention, encouragement,
sympathy et cetera, that are usually experlenced
in the handicapped student and teacher situation.

Patience of machine and program., The individu-
alized instruction system does not upset the handi-
capped student emotionally., That is, it does not
scold the student if he makes a mistake, and it
never forgets to provide positive reinforcement
when appropriate. Thus, the program establishes

a consistent form of reinforcement which is not
always true of the teacher,

Tutorial role of the teacher. The individualized
instruction system frees the teacher of routine
chores, and thus, enables him to establish a close
rapport with each of his students,

Motivation. The handicapped student appears to

be more highly motivated when working with individu-
alized techniques in comparison to traditional
teachlng ﬁechniques. This increased motivation
often is observed in the form of improved behav1or.
(Sandals, 1973, p. 36-38).

William Norris (1977) suggests that after industry, the

next area where C.A.L. will become cost effective is in special
education, which today is very costly. In discussing the PLATO

system of C.B.E. he lists several advantageé of C.A.L. s
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“. ..infinite patience, the epitome of personali-
zation, nearly limitless versatility, and delivery
of uniformly high quality. But it's much more than
that, It’s a knowledge, fact, information and
educational delivery system of the first order,
using many media and structures. It offers the
promise of profound and beneficial impact on the
delivery and application of knowledge in ways that
free us from the fetters of an educational process
virtually unchanged from the days of its great name-
sake teacher, Plato. (Norris, 1977, p. 452).

Norris® optimism for C.A.L. is supported by numerous
research findings. While C.A.L. is effective in a number of
gsubject areas, this review will focus specifically on C.A.L.

and its application in arithmetic to low-achieving students.

C.A.L. and Mathematics Instruction

Computer-assisted instruction offers many advantages
to the teaching of mathematics. Gibson (1971) summarized
these as followss

1. C.A.L. can provide highly individualized

mathematical instruction to a number of
pupils daily.

2. C.A.L. can perform an immediate analysis
of the accuracy of pupils mathematical re-
sponses, making possible individualized
ingstruction,

3. It can keep each pupil and his teacher in-
formed of the individual pupil progress.

b, It can provide reports to the teacher on
class performance and item reliability for
use in daily planning. (Gibson, 1971, p. 11)
Patrick Suppes (1971) in reviewing C.A.L. programs
developed at Stanford from 1963 to 1970, was optimistic about
the continued potential of C.A.L. especilally in the areas of

elementary reading ahd mathematics., In 1975 Jamison, Suppes,

and Wells concluded that although there were often no signifi-
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cant differences in achievement, drill and practice on the
computer took less time and did not require an additional ef-
fort from the teacher. They also concluded that when small
amounts of C.A.L. were used as a supplement, achievement ap-
peared to improve, particularly for slower students.

Capasso and Lachat (1974) in a U.S. national survey of
"math programs that work® state that C.A.L. demonstrates statisti-
cal evidence for its success at all grade levels. These authors
provide a directory containing comprehensive descriptions of
diagnostic-prescriptive mathematics programs used successfully
in New Jersey School Districts.

The general effectiveness of C.A,L. drill and practice
mathematics programs was reviewed by Henry Palmer (1973). Drill
and practice programs were provided to elementary students in
14 districts of a Los Angeles county as a means of improving
students® math abilities, Both the California Test of Basic
Skills (C.T.B.S.) and the California Arithmetic Test (C.A.T.)
were administered before and after to both the experimental
group (C.A.L.) and the control group. In general, the results
indicated that: 1) the mean post-test scores for the experi-
mental group exceeded those of the control groups; 2) a higher
percentage of experimental than control students exceeded their
expected growth rates for the period; and 3) the students re-
ceiving C.A.L. experienced growth rates substantially beyond
normal expectations. This program, at moderate costs, promoted
student learning, reduced teacher's remedial work and aided in
the diagnosis and prescription of student academic needs.

Génerally, research on C.,A.L. in larger centers show
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statistically significant differences in support of C.A.L.
Jamison, Dean, and others (1971) found that elementary arithme-
tic programs developed by The Institute for Mathematical Studies
in the Social Sciences at Stanford University, performed well |
with under-achieving children. The authors acknowledged the
difficulty of making C.A.L. available in rural areas as well

as urban areas,

Earlier,; J. Prince (1969) had attempted to use the
Suppes-Stanford C,A.I. Mathematics drill and practice programs
in McComb, Mississippi, an area remote from where the programs
were developed. The study reports significant educational dif-
ferences between groups of children receiving C.A.L. and the
control group which received only traditional instruction. The
report states that the McComb School Administration, while agree-
ing that C.A.L. appeared to be a feasible way to close the gap
between disadvantaged and more affluent youth, felt there were
too many problems with C.A.L. to continue the program. Problems
listed included the cost of the project, the lack of sufficient
programs, the plurality of computer languages and the doubts as
to its widespread implementation.,

Other researchers are much more optimistic in their point
of view, even though they do not get statistically significant
results. ILynne Durward (1973) describes C.A.L. in arithmetic
at South Hill Elementary School. Grade six and seven students
were divided into three groups. The “computer group" each re-
ceived 5 minutes of C.A.L. in arithmetic per day in addition to

regular classes., The "help group® received five minutes of group

instruction per day in addition to regular arithmetic classes.
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The “zero gfoup“ received no additional instruction. Pre-

and post-tests were administered. Results indicated that
there were no statistically significant differences., An atti-
tude questionnaire was also administered. The researcher
reports however, that although not statistically significant,
the results showed that C.A.L. improves arithmetic skills, and
that C.A.L. in addition to regular instruction is superior to
an equivalent amount of regular classroom instruction in im-
proving arithmetic skills,

Not all studies of C.A.L. projects with elementary ar-
ithmetic have produced positive results. Abramson and Weiner
(1971) reported negative results in evaluating the New York City
C.A.L. Project in elementary arithmetic. The authors list the
following possible reasons for why the drill and practice pro-
gram was not successful. They were: 1) <the students were
exposed to about one-third the number of lessons originally
intended, 2) the software did not appropriately compensate for
individual differences, 3) achievement test results showed no
consistent pattern favoring C.A.L. or non=C.A.L. groups, and,
L) the amount of drill and practice in C.A.L. and non-C.A.L,
classes was not observably different. This study suggests

that there is a continued need for research on C.A.L,

C.A.L. with Low-Achieving Students

Several research studies discuss the effectiveness
of C,A,L. with low-achieving students. These will be present-

ed to support the positien that more research is necessary in

this area,
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Litman (1973) reported on a C'BA.,Lu system that has
been implemented in 21 elementary schools in Chicago. The
system runs on a Univac 418-111 computer which processes con-
currently the reading, language arts, and mathematics drill and
practice strand programs of the Computer Curriculum Corporation.
A1l students participating in the program qualified for compensa-
tory education in that they were at least one year below grade
level when entering the program. Results reported indicated
that the program was very successful with students gaining near-
ly one month's academic gain for each month in the program.

This was considerably better than the national average for com-
pensatory education students, which this study reports as being
5.6 months for every 8 months of instruction. Litman, in the
same report, states that teachers were freed from drill activi-
ties for more creative work,

Several studies indicate that more research is required,
Demshock (1968) in examining C.A.L. use in teaching spelling to
grade 5 and 6 students recommends that additional research is
needed to study the use of C.A.L., particularly with low-ability
students. Dunwell, Stephens and others (1972) concluded that
C.A.L. was an efficient means of teaching spelling, that it was
sensitive to individual needs, effective with weaker students
and useful for remedial work. Shaw (1968) demonstrated the ef-
fects of three instructional strategies on achievement in a reme-
dial arithmetic program. The three strategies presented via
computer were drill, drill with feedback, and mixed drill. All

strategies, including the control group, produced statistically

significant differences on both the post-test and delayed post-
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test (retention test). The author suggests that these results
indicate some effects other than those of the treatment may
have been operating.

Fiorentino (1977, p. 30> summarizes twenty studies
that involved C.A.L, and mathematics, His review, in general
indicates that C.A.L. is most effective when it is used by
pupils who are below grade level or more effectively for low
ability pupils than for average or high ability pupils. Eighteen
of the twenty studies reviewed reported that C.A.L. students
achieved better than non-C.,A.L. Fiorentino's summary(l977, p.30)

is reproduced in Appendix A.

Computer-Assisted Learning in Manitoba

Since May of 1974 there has been an ongoing study in
Winnipeg which investigates the uses of C.A.L. in schools
having children and adolescents who have physical handicaps,
hearing impairments, emotional or behavioral handicaps and/or
learning problems. This study has involved eight different
schools, each adapting the use of C,A.L. to the special needs
of a handicapped group of students, Three of these studies will
be reviewed, Hill (1976) investigates the use of C.A.L. with
the physically handicapped, Fiorentino (1977) investigated the
use of C.A.L., for pupils with learning disorders. Reeves is
investigating the use of C.A.L. with children and adolescents
with hearing impairments. A review of these studies is import-
ant to this study in that similar research designs and the same
C.A.L. programs have been used, These studies have used the
same C.A.L, programs through the use of remote terminals, they

have shared the same program development staff and made use of
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similar inservice and training programs.

Hill (1976) reported on a itwo-year study of C.,A.L, and
the physically handicapped. During the first year of the pro-
ject, the students and staff of the school were given a seveﬂ-
month period of orientation during which staff and students were
given training in computer use and C.A.L. programs were adapted
to the unique needs of the physically handicapped students. A
five-month study was then carried out in which two groups of
randomly selected students were assigned to control and experi-
mental situations. Both groups received regular classroom in-
struction in mathematics, and the experimental group received
additional C.A.L., in mathematics for two days a week, for a
period of three months. All students were administered the
Stanford Achievement Test in mathematics before, during and
after the C.A.L. sessions., Statistically, no significant dif-
ferences were shown between the two groups. However, there
were significant differences shown over time between the pre-
tests and post-test, and pre-test and retention-test. Although
statistical significance was not shown, Hill (1976) states that
the educational relevance of the C.A.L. was apparent to teachers
and administrators., Hill (1976) supports this educational signifi-
cance graphically by displaying a seven-month gain for the experi-
mental group during the three-month period versus a three-month
gain for the control group during the same period, Hill (1976,
pP. 63) in presenting future considerations, questions the experi-
mental design and suggests the use of an additional experimental

group, This, she states, would provide a more robust model from

which to draw more general conclusions.
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Fiorentino (1977) reported on a study which investi-
gated the effectiveness of using C.A.L. programs as a way of
individualizing instruction for pupils with learning problems.
The study took blace from September 1974 to June 1975 in a
junior high school which operates special education programs
for pupils who have a long history of failure and difficulty
in functioning in regular school programs. The sample of pupils
included those who have specific learning disabilities, low
mental ability, behavior disorders, social difficulties, and
emotional and psychological problems,

As with the Hill study, students and staff went through
a five-month orientation phase during which time studenits were
familiarized with computer and C.A.L. programs were further adapt-
ed to provide appropriate drill and practice exercises for the
basic skills needing to be improved. Seventy-five students
were randomly selected to take part in the study. From this
sample three groups of twenty-five were randomly chosen and
randomly assigned to receive regular classroom instruction as
well as C.A.,L. treatments. One group received C.A.L. mathe-
matics while the second group received C.A,L. in language arts.
The third group received only regular classroom instruction.
Assessments were made by using the Stanford Achievement Test
in all three groups on pre-tests, post-test and a retention
test. The study ran ten weeks during which time each treat-
ment group received a fifteen-~minute C.A.L. session once every
two days. Each session was supervised by an older student
proctor,

Fiorentino (1977) reports a significant difference be-

tween the three groups over time in their performance in math
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skills. The C.A.L. math group showed a five and one-half
month gain in math skills for the three and one-half month
period, The other two groups reported approximately zero gain
in mathematics for the same period. There were no differences
between groups as a result of C.A.L. language arts. Sandals
(1976) in commenting on the non-gains with C.A.L. language
arts suggests that at that time, available C.A.L. programs in
language arts were inadequate and not as extensive as the math
programs, Fiorentino (1977, p. 94) concludes in his study that
pupils with learning problems can manage the use of a computer
terminal and C.,A.L. with very little help; that pupils with
learning problems were able to improve their basic skills in
arithmetic and spelling; and that C.A.L. is a promising means
of individualizing instruction.

The third centre for the Winnipeg study is the Manitoba
School for the Deaf, a combined residential day-school for severe-
ly and profoundly deaf students. C.A.L. has been used in this
school since October, 1974. Several C.A.L. programs, especially
in language arts, employing the Rhode Island Language Curriculum
were developed., A formal study, using a similar experimental
design as the studies by Hill and Fiorentino was conducted in
1976-77. The results provide further information on the effect-
iveness of C.A.L. in mathematics and language arts achievement
with hearing-handicapped children,

Future studies of the Winnipeg project will report on
the effectiveness of C.A.L. with trainable handicapped children
and the study of the effect of information retrieval and manage-

ment systems.



26

This thesis reports on the effect of C.,A.L. on arithme-
tic achievement in low-achieving and average-achieving students,
It reviews the experiment conducted at a fourth site of the

Winnipeg Project in 1976.



CHAPTER 3

INVESTIGATION

The Problem

The research studies reviewed have demonstrated that
C.A.L. is an effective method for teaching arithmetic skills
to elementary school children. Both P.I. and C.A.L., have been
shown to be effective with many kinds of exceptional children.
At the same time however, most research studies suggest that
C.A.L. is still in the initiation stage and many basic questions
need to be asked, This is especially true of locally-prepared,
teacher-made C.A.L, programs and the use of these programs in
a regular elementary school.

The underlying problem represented in this study comes
from the concerns indicated above, Can locally available C.A.L.
programs have an effect on the arithmetic achievement of grade
5 and grade 6 students? More specifically, the questions to
be answered in this study are:

1. Can the arithmetic computation skills of low and average
achieving students be increased through the use of C.A.L.
drill and practice exercises?

2, Can the arithmetic computation skills of low and average
achieving students be increased through additional tutor-
ing by a resource teacher using C.,A.L. produced drill
and practice materials?

3, Is C.A.L. more effective than additional tutoring

from a resource teacher?
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4, Can the skills gained by C.A.L. or extra tutoring
from the resource teacher be retained over time after

the experimental phase?

Research Hypothesis

If three randomly selected groups of low-achieving and
average-achieving students received regular classroom instruc-
tion in mathematics and additionally received either;

1) extra help in mathematics from C.A.L.s
2) extra help in mathematics from a resource teacher
using computer generated drill sheets, ors
3) no additional helps
then there would be a difference in performance of the three
groups over time on a standardized achievement test in mathema-

tics,

The Sample

The subjects in the study were fifth and sixth grade
students attending Britannia Elementary School in the St. James-
Assiniboia School Division. The school population totalled 433
students of whom 62 pupils were in the fifth grade and 84 pupils
were in the sixth grade., All of the 162 grade five and six
students from which the sample was drawn lived within the school
area,

Britannia Elementary School is located in the eastern
section of the St. James-Assiniboia School Division. The school
neighbourhood is surrounded by a large industrial area to the

north and a large commercial area to the east. The socio-

econcmic status of the area is a mixture of working class and
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single parent families. Thefe was not a disproportional number
of immigrant or native/metis children in the neighbourhood.
Grade five students were assigned to teachers on a ratio of 21
to i. Grade six students were assigned to teachers on a ratio
of 28 to 1. There were three special education teachers on
staff: 1 resource teacher, 1 behavioral resource teacher, and
one special class teacher (educable mentally handicapped).,
Special class students (E.,M.H.) used C.A.L. programs but were
not part of this study. Several disturbing and emotionally dis=-
turbed students were maintained in regular programs through

the agsistance of a behavioral resource teacher. These students
were part of the study.

411 grade five and six students (162) were initially
tested twice with the Computation Subtest of the alternate forms
of the Metropolitan Achievement Test, Intermediate form. Using
the mean scores of these two pretests all students were then
randomly assigned to groups of low-achieving students, average-
achieving students or high-achieving students.

Low-achieving students for this study were defined as
those students whose mean arithmetic achievement on the two pre-
tests of the Metropolitan Achievement Test, Intermediate form
was more than one year below the current grade placement, A
similar definition was used by Litman (1973) when he studied
C.A.L. in elementary schools in Chicago. Average-achieving
students were defined as those students whose arithmetic achieve-
ment was plus or minus one year from their current grade place-
ment. High-achieving students were defined as those students
achieving more than one grade level above current grade place-

ment,
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Random assignment of students to experimental groups
was then made by using a standard table of random numbers and
the method outlined by Downie & Heath (1965, p. 121). High-
achieving students were not included in this experiment and
were used as proctors,

The subjects used for this study were those students
whose scores on the Computation Subtest of the Metropolitan
Achievement Test placed them in low-achieving or average-achieving
groups, The subjects under study ranged from 10,1l years of age
to 12.3 years of age with a mean age of 11.3 years. The subjects®
I.Q. range, as measured with Lorge-Thorndike group tests, ranged
from 84 to 116 (Appendix A). I.Q. scores were not available on
eight subjects., There was very little confidence placed in the
group I.Q. scores available for the students. Therefore, these
were not a placement variable.

Thirty subjects from both the low-achieving group and
the average-achieving group were randomly assigned to groups =--
20 in a control group, 20 in an experimental group (C.A.L.) and
20 in a second experimental group. A repeated T-Test was per-
formed to insure that the means from the pre-test scores of the
three groups were not significantly different (p .05).

Six of the subjects assigned to the control group were
accidently assigned to a computer proctor group making them un-
suitable as control group candidates. The control group dropped
to N = 14 and the two experimental groups each had 20 partici-
pating subjects.

Subject information can be found in Appendix B. It
should be noted that subjects 31, 32, 33, 34, 57 and 58 were re-
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moved from the control group for the reason stated above.

Limitations of the Sample

A number of limitations of the sample will be discussed.
The generalization of results must be viewed in the context of
these limitations.

All subjects in this investigation, prior to the formal
investigation, experienced three and one-half months of famili-
arity training with the same computer terminal and related pro-
cedures., Thus none of the subjects were naive to C.A.L. and it
was safe To assume that the results obtained would not be affect-
ed by the novelty of the computer,

The general operation and scheduling of the regular school
program put several constraints upon the study. During the early
part of the study the school was subject to a major supervisory
overview of all facets of the school®’s operation and instruction.
While this should have effected all members of the control and
experimental groups equally, it may have caused all teachers in
the school to devote more attention and preparation time than
normal, especially to low-achieving students. All students came
from intact classes of students, therefore the scheduling of
students to the C.A.L. program had to be secondary to regular
school progranms,

The control and experimental groups were randomly as-
signed. However, because of unique neighbourhood variables and
school staffing variables the results could not be generalized
to all low-achieving or average-achieving students in the Winnipeg

area,
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Instructional Programs

The programs that were used in this study were drill
and practice programs in mathematics. These programs were all
written and developed by téachers and were in the "BASIC®" language.
BASIC is a powerful high-level language that was used on a CDC
6500 computer at Cybershare Limited. Five programs in mathematics
were used in this study. Examples of each program can be found
in Appendix B. A short summary of each is as follows:

Addsub 1 4

Addsub 1 is a drill and practice program for either
addition or subtraction. The largest sum, or remainder, can be
no larger than 14, The program‘s objectives are:

1. . To give the student practice in addition.

2, To give the student practice in subtraction.

3, If specified by the range of numbers, the drill
will give the student practice in carrying in addi-
tion and in "borrowing® in subtraction.

Addsan

Addsan is a program that provides drill in addition for
remediation, The program provides a choice of how many digits
(from 1 to 5) in each number and how many numbers (from 1 to 5)
with which the student requires practice., The objectives of
the program are:

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

columns.
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Subsan

Subsan is a program that provides drill in subtraction
for remediation. Problems with up to 5 digits in the top number
are randomly generated., The objectives of this program are:

1. To provide practice in subtraction for remediation.

2. To provide drill in borrowing,

3. To provide practice in using concepts of date and

time.

Multsan

Multsan is a program that provides drill in multiplica-
tion. The student has a choice of the number of digits in the
multiplication (1 to 6) and also a choice as to a fixed or random
multiplier. The objectives of this program are:

1. To give the student drill in multiplication,

2. To provide programs which can be varied in their

instructional level as the student progresses.
3. To provide a program which can also be used as a

test.

Divide

Divide is a program that provides drill in division.
The student has a choice of the number of questions to be done
(1 to 15) from randomly generated questions, The student also
has a choice of the number of digits in the divisor and divident
or whether decimals are to be used. The objectives of this pro-
gram are:

1. To give the student drill in division.

2. To give the student drill in division involving

decimals,
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Measuring Instrument

The Metropolitan Achievement Test (1970) -- Mathematics
Computation subtest was used for all measures of arithmetic
achievement throughout the study ~-- alternate forms of the test
(F and G) were used for the first two pre-tests, scheduled one
week apart; These same alternate forms were used again fifteen
weeks later for the post-test and retention test. This test was
used in this study becazuse it was used in the division on a regu-
lar basis and therefore familiar to teachers and students. An
examination of the questions in the mathematics computation sub-
test showed that they were very similar to the skills that are
drilled on the computer programs. In general, Finley (Buros,
1972, p. 67) summarizes the Metropolitan Achievement Tests as
follows:

"To be applauded for scope, both wertical

and horizontal, for the measurement of im-
portant outcomes, for careful standardization,
for a clear and attractive format...this is a
superior test series representative of the high
quality and useability of modern achievement
test. "

Finley (Buros, 1972, p. 67) in the same review of the
M.A.T. suggests cautions in interpreting the scores of "poor
learners" due to the operation of chance grade scores,

The test was administered as directed in the Teacher'®s
Directions by two resource teachers and the experimenter who as-
sisted with the testing portion of this study. All testing was
done in the first pért of the morning using class periods which
had been scheduled for either mathematics or language arts. Test-

ing directions were reviewed prior to testing sessions and the

testers were cautioned to be aware of student responses which
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would indicate excessive guessing, such as finishing the test
quicker than was possible. All students in grades 5 and 6 re-
gardless of whether they were a part of the study were tested

on each occasion.

Apparatus - Computer Equipment and Facilities

The computer hardware used in this study was a CDC 6500
computer that was owned by the Province of Manitoba at Cybershare
Ltd. The instructional terminal in the school was a model 33
hard-copy teletype which produced a carbon copy of all student
work, The cost of the project was shared by the participating
school divisions and the Manitoba Department of Education. A
breakdown of the costs involved is in Appendix G,

The terminal was situated in a large classroom which
served aé a resource room for students in the intermediate grades.
The terminal was partitioned visually from the instructional area
of the classroom. Regularly scheduled tutorial programs took
place in the same rooﬁ although these students were not visable

to the students using the terminal.

Administration and Procedure

The study began in October, 1975 and continued until June,
1976. The actual experimental phase using C.A.L. in mathematics
began on February 15th, 1976 and continued for thirteen weeks,
The pretesting and post-tests took place before and after this
thirteen-week experimental phase. A complete schedule of the pro-

cedure is available in Figure One.

Introductory Phase

This phase was a very important part of the study. For
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four months prior to the experimental investigation students

and teachers in the school had an opportunity to become familiar
with the operation of the computer terminal., All teachers and

the school administrators received a half-day inservice on com-
puter-assisted learning and how the terminal operated. During

this period all students from grades three to six had an opportuni-
ty to use a C.A.L. program. This was done to assure that experi-
mental bias effects such as the Hawthorne Effect would be opera-
ting at a minimum during the experimental stage. This introductory
period was necessary to allow the teachers sufficient exposure

to and experience with C.,A.L. so that it would be considered as

an adjunct part of the school programs. The time was also neces-
sary to train student proctors or volunteers and to modify the
programs to fit the curricular needs of Britannia School students.
Recording and charting procedures were established during these

periods,

Experimental Phase - Pretest

All subjects were given two pretests, This was required
to assure that all subjects were familiar with a formal testing
situation.

The first pretest -- M.A.T. Computation Subtest Form F
was administered on February 2 and 3 to all 64 grade five stu-
dents and all 82 grade six students. The second pretest ~-- M.,A.T.
Computation Subtest Form G, was administered one week later on
February 9 and 10. The tests were randomly assigned to the classes

to be tested. All tests were scored by the experimenter.



Fismure One

Flowchart of Procedure

Introductory Phase

Hnstallationipf hardware/Oct, 1975]

[fnservice for staff/lNov., 1975

Hntroduction¢to students/Nov., Dec, 1979

General Use with language arts/Jan., Feb, 1976

Review and modification of

arithmetic programs/Jan. 19762 Evaluation Phase

Pretest 1, Feb., 2 & 3
Pretest 2, Feb., 9 & 10
Week 1 Teb.,
Week 2 Feb,
Week 3 Mar.,
Week L Mar.
Week 5 Mar.

Spring Break

Week 6 Aoril
Week 7 April
Week 8 April
Week 9 April
Week 10 layv
Week 11 May
Week 12 Vay
Week 13 May
C.A.T. General Use, June 1978 <€— Posttest  June

$(2 weeks)

Retention Test June
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Computer Scheduling Arrangements

Scheduling of computer time for those students in
the C.A.L. group was arranged so that each subject received
three or four fifteen to twenty-minute sessions per week., Vari-
ations in the school programming due to field trips, concerts,
illness and computer failure resulted in students averaging ap-
proximately 3.2 sessions per week. During the 13 weeks of the
investigation the students received from 37 to 45 sessions (av-
eraging 41)., Student proctors and the supervising teacher super-
vised the movement and logging in of subjects so that maximum use
of the terminal was made. Students were scheduled so that they
did not miss regular mathematics classes. Sessions missed due
to special eventis were not made up. Caution was exercised to
see that no student missed sessions on a regular basis. The times

of C.A.L. sessions varied for each student.

Tutorial Scheduling Arrangements

Scheduling of tutorial time for those students in the
tutorial group was arranged so that each subject received three
twenty-minute periods of group tutorials per week., Subjects
were provided with computer-generated drill and practice materials
according to their instructional level., All materials were self-
scoring with computer-generated answer keys. Tutorial sessions
were held for subjects in groups of 10 students, These were al-
ways held in the afternoon. Sessions missed due to special events
were made up. All tutorial subjects received three twenty-

minute sessions per six-day cycle.
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Instructional level of C.A.L. and Tutorial Materials

Both C.A.L. and Tutorial programs were seen as adjuncts
to the regular math programs designed jointly by the classroom
teacher and the resource teacher. The resource teacher then
chose C.A.L, programs or computer-generated drill and practice
materials that best fitted the instructional needs of the stu-
dent, C.A.,L. programs were generally provided according to the
hierarchial levels established for these programs by C. Hill
(1975) (refer to Appendix H). However, it was not possible %o
follow this hierarchy faithfully as the individual needs of the
student often dictated a different ordering of programs. FProgram
selection was left up to the supervising resource teacher. A
proficiency level of 90% at each level was chosen. This is sup-
ported by Johnson and Kress (1972) who state that an independent
level of achievement no lower than 90% mastery should be used,

The C.A.L. group, the tutorial group and the control
group all received the same amount of classroom mathematics in-
struction., This amount of time was equal to the Department of
Education requirements.

Student proctors from high-achieving grade six groups
assisted the C.A.L., group with "logging-in* and with filing
student records., These student proctors were trained and super-
vised by the supervising resource teacher. The use of student
volunteers to assist with student programs was not novel to this
program, although the use of student Qolunteers for this extended
period was unusual. This will be discussed later in the limita-

tions of the study.
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Post-test and Retention Test

The post-test was administered in the first week of
June and the retention test was administered two weeks later.
The procedures used for these tests were the same as the pre-
tests. These tests were scheduled in the morning using mathe-

matics or language arts classes,

Research Design

This study has employed a time series design. Campbell
and Stanley (1966, p.37) state that the essence of the time-
series design is the presence of a periodic measurement process
on some group or individual and the introduction of an experi-
mental change into this time~series of measurements, the results
of which are indicated by the discontinuity in the measurements
recorded in the time series. ©F. Kerlinger (1964, p. 317) has
represented such time designs as follows:

Yl Y2 X Y3 Y4
He continues, (1964, p. 317) stating that the most serious pro-
blem in this design is that of *"history", that is, the specific
events occurring between the measurements in addition to the ex-
perimental variable,

This major problem with this research design has been
controlled for by the addition of a control group. This is

represented as follows:

Yl Y2 X1 Y2 Y4 (C.A.L. Group)
Y1l Y2 X2 Y3 Y4 (Tutorial Group)
Yl Y2 Y3 Y4 (Control Group)

As mentioned by Kerlinger (1964, p. 318) the Hawthorne

Effect could produce change in this research design. This has
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been controlled, in part, by having had C.A.L. programs func-

tioning as an adjunct to regular programs for a period of four
months prior to this experiment. All students and teachers in
the school were exposed to C.,A.L. prior to the beginning of the

study.

Statistical Procedure

Analysis of Variance

The test for significant differences over the repeated
measures of pretest (1), pretest (2), post-test and retention
test administration was performed using a 3 x 4 Analysis of
Variance for Repeated Measures design.

The following are the statistical hypotheses of the
Analysis of Variance for Repeated Measures. Wine (1971) offers
a complete explanation of these procedures.

1. Null Hypothesis

HO = dl =%, = aB = 0

If three groups of students are administered
achievement tests both at the beginning and at the
completion of the study, then there will be no signifi-
cant difference between treatment effects (means) of

the levels of factor A (i.e. experimental groups control

group means),

Alternative Hypothesis

Hl = not HO

If three groups of students are administered

standardized achievement tests, both at the beginning

and at the completion of the study, then there will be

a significant difference between the treatment effects
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(means) of the levels of factor A (i.e. experi-
mental groups vs. control group means).

2, Null Hypothesis
Ho =By = By = 53 =PB =0
If three groups of students are administered
standardized achievement tests both at the begin-
ning and at the completion of the study, then there
will be no significant difference between levels
of factor B (over a period of time),.

Alternative Hypothesis

Hl = not HO

If three groups of students are administered
standardized tests both at the beginning and at
the completion of the study, then there will be a
significant difference between the treatment effects
(means) of the levels of factor B (over a period
of time).

3, Null Hypothesis

1B1=% Ba=y B3=0q By =00 By =B =0 B3 =00 By =03 By =05 By =g Py =cks By =
If three groups of students are administered
standardized achievement tests both at the begin-
ning and at the completion of the study, then there
will be no significant differences between the ex-~
perimental groups and control group treatment ef-
fects (means) in respect to mathematics scores

over time,

Alternative Hypothesis

Hl = not HO
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If three groups of students are administered
standardized achievement tests both at the beginning

and at the completion of the study, then there will be

a significant difference between the experimental groups
(C.A.L, and Tutorial) and control group treatment effect
(means) in respect to the mathematics scores over a
period of time,

A post hoec examination of the results was made by
using an aposteriori multiple comparison test., The
Newman-Keuls method was used for determining whether
significant differences existed between the pretests,
post-tests, and/or retention tests. Winer (1971) states
that it is convenient to work with treatment means.

For each group then, using Newman-Keuls, the follow-
ing means overtime were tested for significant differ-

ences at the .05 and .01 levels.

Hy B
Ylﬁ fz (pre 1 = pre 2) il # 22
§1= iB (pre 1 = post) il #fXB
ilz 24 (pre 1 = retention) or Yl #£ ?4
X,= XB (pre 2 = post) fz # ?3
‘ fz= fﬁ (pre 2 = post) 22 # 24
i3= X, (post = retention) 23 # X,

For descriptive purposes, the results were further
investigated by using the test for simple main effects,
Normally this would only be done if a significant inter-

action effect was indicated, However, due to the small
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sample size it was felt that this further investi-
gation was warranted and would be valuable for descript-
ive purposes,

Also for descriptive purposes, the inter-
correlations between the pretests (1) and (2), and
the post-tests and between the pretests (1) and (2)
and the retention test were calculated. These inter-
correlations were calculated for the experimental groups
(C.A.L. and Tutorial and control group). These scores
will indicate whether the increased scores, if any,
between pretests and post-tests could be attributed

to overall treatment effects.



CHAPTER &4
RESULTS

The results of this study will be presented in this
chapter, A discussion of these results will be presented in
a later section of this fhesise

The raw data tables are found in Appendix E. The
scores are represented in the form of grade point scores (year/
month)., The means and standard deviations can also be found in

Appendix E.

Analysis of Variance, Combined Groups of Students

The Analysis of Variance summary table for combined
groups of students can be found in Table One. For Hypothesis 1,
the critical value needed for significance at the .05 level was
3.18 (df = 2,54), There was ﬁo significant difference between
groups, therefore, Hypothesis 1 was accepted.

The critical value for Hypothesis 2 was 2,67 at the ,05
level (df = 3,150). The F ratio was significant at the .05 level.
Null Hypothesis 2 was therefore rejected and the Alternate Hy-
pothesis accepted. This indicates that there was a significant
difference between the means at the levels of factor B.

The ecritical value for Hypothesis 3 was 2.16 at the .05
level (df = 6,150). The F ratio was not significant indicating
that there was no significant interactions. Therefore, Null

Hypothesis 3 was accepted,



Analysis of Variance Summary Table

for Repeated Measures Design

TABLE ONE

Combined Groups

L6

source of sums of Degrees of Hean r
Variation Sauares Freedom Square Ratio
A (Treatment) 5.53 2 2,77 1.09
Subj. w groups 126,52 50 2.53

B (¥Math scores) 33,82 3 11.27 35,64
AB 2.16 6 . 36 1.14
BX subj. w groups  47.4L 150

TOTALS 216,30 211
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Analysis of Variance, Low-Achieving Students

The Analysis of Variance summary table for low-achieving
students can be found in Table Two. For Hypothesis 1, the
critical value needed for significance at the .05 level was 3.40
(df = 2,24), There was no significant difference between the
C.A.L. group, the tutorial group or the control group means,

Thus Null Hypothesis 1 was accepted,

The critical value for Hypothesis 2 was 2.74 at the .05
level (df = 3,72)., The F ratio was significant at the .05 level.
Null Hypothesis 2 was therefore rejected and the alternative Hy-
pothesis accepted. The computed F ratio revealed that there was
a significant difference between the means of the levels of factor
B, but does not indicate where the difference was,

The critical value for Hypothesis 3 was 2,23 at the
.05 level (df = 6,72), The F ratio was not significant indica-
ting that there was no significant interactions. Therefore Null

Hypothesis 3 was accepted,

Analysis of Variance, Average-Achieving Students

The Analysis of Variance summary table for average-
achieving students is found in Table Three., For Hypothesis 1
the critical value needed for significance at the .05 level was
3.42 (df = 2,23). There was no significant difference between
the C.A.L. group, the tutorial group, and the control group means.
Thus Null Hypothesis 1 was accepted.

The critical value for Hypothesis 2 was 2,74 at the
.05 level (df = 3,69). The F ratio was significant at the .05
level. Null Hypothesis 2 was therefore rejected and the Alterna-
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tive Hypothesis was accepted. Accepting the Alternative
Hypothesis means that there was a significant difference be-
tween the means of the levels of factor B, but does not indicate
where this difference was,

The critical value of Hypothesis 3 was 2.23 (4f = 6,69).
The F ratio was not significant indicating that there was no
significant interactions. Therefore, Null Hypothesis 3 was ac-
cepted,

An aposteriori probing technique explained in the
investigation section was used. The data for the Newman-Keuls
procedure is presented in Tables Four, Five and Six., In each
table in part (1) the means of the levels of B are arranged in
rank order from low to high., Differences between the pairs of
ordered means are computed. In part (iii) the critical values
for the ordered differences between pairs are computed, The
pairs of means which can be considered different are indicated
by asterisks in part (iv). The computed values in (iii) are com~
pared to the differences in ordered means (i). If the values
found in step (i) are greater than, or equal to, the values found

in step (iii) a significant difference is indicated,

Newman-Keuls Procedure with Combined Groups - Table Four

Levels of significance at the .01 level were found be-
tween pretest (1) and the post-test and retention test and pre-

test (2) and the post-test and retention test.

Newman-Keuls Procedure with Low~Achievers - Table Five

Levels of significance at the .01 level were found be=-

tween pretest (1) and the post-test and retention test and pre-

test (2) and the post-test and retention test,
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Analysis of Variance Summary Table
for Repeated lieasures Design

Low-Achieving Students

Source of sums of Degrees of llean r
Variation Squares Freedom Square Ratio
A (Treatment) 1.99 2 1.0 1.46
Subj. w groups 16,42 24 0.68

B (Math scores)  16.81 3 5,60 27,47
AB 0.67 6 0.11 0.55
BX subi. w groups 14.69 72 0.20

TOTALS 51.18 107

* p .05



Analysis of Variance Summary Table
for Repeated lieasures Design

Average-Achieving Students

50

st

Source of Sums of Degrees of llean I
Variation Sqguares Freedom Square Ratio
A (Treatment) 8.08 2 L,ok 1.87
Subj. w groups L9, 77 23 2,16
3 (Iath scores) 18.33 3 6.11 13.76
A3 2.05 6 0.34 0.77
BX subj. w groups 30.64 69 0.44
TOTALS 108.89 103

p .05
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TABLE FOUR

Test on lMeans Using Newman-Xeuls Procedure - Combined Groups

ordered bl b2 bh b3
means
5,41 5,58 6.38 6.16

(1) by b2 Oy b3
difference
between by 17 .97 .75
means

b, .80 .58

), .22

o5
(ii)

9.95 (r,150) 2.80 3.36 3.69
studentized
range 2.99 (r,150) 3.70 4,20 4,50

statistic

(i1i1) S
- B9.95 (r,150) .28 34 <37
B=.10 o
39.99 (r,150) .37 L2 RIS
(iv) Pre (1) Pre (11) Retention Posttest
Fre (1) _——— %
Pre (11) B
Retention ————




TABLE FIVE
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Test on Means Using Newman-Xeuls Procedure - Low-Achievers
ordered b2 bl b4 b3
means
b,os5 5.03 6.61 5,87
(1)
b b b b
differences 2 1 4 3
between
means b, .08 .66 .92
by . 53 .84
bn .26
(ii) 9.95 (r,69) 2.83 3,40 3. 74
studentized
range 9.929 (r,69) 3.76 L, 628 L,60
statistic
£33 S
ég_‘i).lo E9.95 (r,69) .28 34 .37
“89.99 (r,69) . 38 L3 L6
(iv) Pre (11) Pre (11) Retention Posttest
-
Pre (11) ———— s
Pre (1) *
Retention ————
D .05 * 1p .01
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SIX

Test on lMeans Using Newman-¥Xeuls Procedure - Average-Achievers

ordered bl b2 bh b3
means
5.80 6.16 6.69 6.69
(i) b1 b2 b4 b3
differences
between 5 . 36 .89 1.10
means
b“’ -53 174
21
3
(ii)
9.95 (r,69) 2.83 3.40 3,74
studentized
range 9.99 (r,69) 3.76 L, 28 4,60
statistic
(lii) Qe
= = .14  B9.95 (r,69) Lo 48 .52
B - ' ' ot
°B92.99 (r,69) 53 .60 64
(iv) Pre (1) Pre (2) Retention Posttest
Pre (1) e s
Pre (2) e %%
Retention ————
* p ,05 %% p 01
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Newman-Keuls Procedure with Average-Achievers - Table Six

lLevels of significance at the .01 level were found be-

tween pretest (1) and the post-test and retention test. Ievels

of significance at the ,05 level were found between pretest (2)

and the retention test and at the .0l level between pretest (2)

and the post-test,

Test for Simple Main Effects

For descriptive purposes, the test for simple main effects

was used to answer the following questions:
(1) 1Is there a difference between a,, a,
ays 2,

ays 2y

ays a,

(2) Is there a difference between bl’ b,
between bl'

between bl' b2

The questions above were asked of combined,

and
and
and
and
and
and

and

o P o p o
w oW W ww W

o’

b

3

at bl or
at b2 or

at b, or

3

at by?
and b4 at ay or
and bu at a, or

and b4 at a3?

low-achieving and

average-achieving groups. The results are presented in Tables

Seven, Eight and Nine. (Also refer to Appendix E)

The intercorrelations were calculated for the C,A.L. group,

the tutorial group, and the control group for the combined groups

of scores, the low-achieving students and the average-achieving

students. These results are presented in Tables Ten, Eleven and

Twelve,

Graphs of the results showing the mean scores of the

C.A.L. tutorial and control groups can be found in Figures two,
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three and four. Graphs of the learning curves of individual
subjects and an analysis of group data are presented in Appendix

I,
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TABLE SEVEH

t
€

™

Analysis of Variance Table for Simple “ain =Effects

Combined Groups

source 5SS af IS r
1. Between Subjects:
. Between A at Bl .13 2 .07 .08
. Between A at B, .32 2 .16 .18
. Between A at 83 L,26 2 2.13 2,45
. Between A at By « 77 2 .39 .87
. WYithin Cells 173.09R 200 . B7
. Within Subjiects:
5. Between B at Al 22.78 3 7.59 23,72 %%
. Between B at A, 11.07 3 3.683 11,50 #**
10. Between B at A3 5,62 5 1.R7 5, 8L
11, 3¥ subjiect with
Zroups Lo, Ll 150 .32

I}

3.18 (&f = 2,50), 2.67 (df = 3,150)

ch
}_l
Q
A
H
Il

3 D .OS

# p 0L = F critical = 3.91 (af = 3,150)

i
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Analysis of Variance Table for Simple HMain Effects

Low-Achieving Students

Source SS af i1S r

1. Between Subjects:

2. Between A at By . 30 2 .15 (%) v

3. Between A at 3B, .37 2 .19 (g) .59

L, Between A at 83 2,04 2 1.02 (%) 3.19

5. Between A at By, .28 2 14 (g) Al

6. Within Cells 31.11 26 . 32

7. Within Subjects:

3. Between B at A,  8.90 3 2.97 ($2)14.85 *=
9. Zetween B at A,  5.07 3 1.69 (13) 8.bs %
10. Between B at Ay  3.83 3 1.28 (£2) 6,40 #*
11. BX subject with 14,69 72 .20

groups
* p ,05 = ¥ critical = 3.40 (df = 2,2L), 2.71 (df = 3,72)

.01 = F critical = 4,08 (4arf

3,72)
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TABLE NINE

Analysis of Variance Table for Simple liain Effects

Average-Achieving Students

Souvrce SS af 1S F

1. Between Subjects:

2. Between A at B, .5k 2 .27 (5) .31
3., Between A at B, 149 2 .25 (g) .29
L, Between A at 33 2.74 2 1.37 (%) 1.57
5. Between A at B,  2.55 2 1.28 (2) 1.47
6. Within Cells 80.31 92 .87

7. Within Subjects:

8. Between B at Al 2.72 3 L, 24 (I%) 9,64 =
9. Between B at A,  6.90 3 2.30 (33) 5.23 *
10. Between B at Ay 2.75 3 .92 (%%) 2.09
11. BX subject with

groups 30,64 69 lly
* p ,05 = F critical = 3.42 (af = 2,23), 2.74 (4f = 3,69)

¥* p ,01 = F critical = 4,08 (df = 3,69)
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TABLE TEN

59

Correlation IMatrices for C.A.L., Tutorial

and Control Groups - Combined Groups of Students

C.A.L. Group 1(Pre 1) 2(Pre 2) 3(Post) U4(Retention)
1 (Pre 1) 1
2 (Pre 2) o Tl 1
3 (Post) 67 66w 1
L (Retention) .72% 75 . 75k 1
* p .05 critical = .30 &f (38) df = N-2
** p ,01 critical = .39 df (38)
Tutorial Group 1(Pre 1) 2(Pre 2) 3(Post) A4(Retention)
1 (Pre 1) 1
2 (Pre 2) . BO%*:* 1
3 (Post) Nk L g 1
4 (Retention) .77%* o 51 . 85 1
*p .05 critical = .30 df (38)
¥* p .01 critical = .39 df (38)
Control Group 1(Pre 1) 2(Pre 2) 3(Post) L4(Retention)
1 (Pre 1) 1
2 (Pre 2) 71w 1
3 (Post) L3 L 58%E 1
L (Retention) .5l 7L Bl 1
* p ,05 critical = ,38 d4df (26)
“ p .01 critical = .49 df (26)



TABLE

Correlation Matrices

and Control Groups -~

for C.A. L., Tutorial

Low~Achieving Students

C.A.L. Group 1(Pre 1) 2(Pre 2) 3(Post) L(Retention)
1 (Pre 1) 1
2 (Pre 2) . 70%% 1
3 (Post) 2 2T 1
4 (Retention) .60%% .68 % L BB 1
* p .05 critical = .44 af (18)
*% p ,01 critical = .56 af (18)
Tutorial Group 1(Pre 1) 2(Pre 2) 3(Post) L4(Retention)
1 (Pre 1) 1
2 (Pre 2) 7L 1
3 (Post) 11 48 1
L (Retention) .14 .20 69 % 1
* p .05 critical = .44 4f (1R)
*% p ,01l ecritical = .56 4df (18)
Control Group 1(Pre 1) 2(Pre 2) 3(Post) L4(Retention)
1 (Pre 1) 1
2 (Pre 2) L0o(note)l
3 (Post) e .24 1
L (Retention) .37 U8 L 65% 1
* p .05 critical = .53 df (12)
*% p ,01 critical = .66 4f (12)
Note: Significant prior to the removal of contaminated

control S's,
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TABLE TWHELV]

L
t

Correlation Matrices for C.A.L., Tutorial

and Control Groups - Average-Achieving Students

C.A.L. Group 1(Pre 1) 2(Pre 2) 3(Post) 4(Retention)

1 (Pre 1) 1

2 (Pre 2) NS 1

3 (Post) o 72% . 58 1

4 (Retention) 6L . 60%* o 53%% 1

#* p ,05 critical = .44 df (1R)

#% p ,01 critical = .56 d4f (18)

Tutorial Group 1l(Pre 1) 2(Pre 2) 3(Post) U4(Retention)

1 (Pre 1) 1

2 (Pre 2)  55%% 1

3 (Post) 62 .01 1

L (Retention) .32 -.03 40 1

.05 critical = .44 af (1R)

%
o]

1l

#** p ,01 critical .56 4df (18)

Control Group 1(Pre 1) 2(Pre 2) 3(Post) U4(Retention)

1 (Pre 1) 1

2 (Pre 2) LT3 EF 1
(Post) .49 .65 1
(Retention) .70%% LLFE 90 1

.05 critical = .53 af (12)

kel o' = 0w

.01 critical - .66 d4df (12)
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Figure Four
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CHAPTER 5
DISCUSSION AND CONCLUSIONS

With respect to the basic problem, this study has
demonstrated that C.A.L. and computer-generated drill sheets
can be a useful teaching tool to an elementary resource teacher.
Both were seen as a practical and inexpensive way to provide
remedial instruction to low-achieving and average-achieving
students, This study, however, has failed to provide statisti-
cal evidence that locally produced C.A.L. programs can make
statistically significant differences in arithmetic achievement
in elementary grade children in comparison to the other experi-
mental treatments used in this study, Further’exploration of
the statistical results do allow several supportive statements
to be made about the educational significance of C.A.L. even
though statistical significance was not demonstrated. This dis-

cussion follows in this chapter.

Statistical Analysis

For each ability grouping — the combined low and
average achieving students, the low-achieving students and the
average-achieving students — the null hypo‘thesisl was accepted
indicating that there was no significant difference between groups
due to treatment effects. With each ability grouping null hy-
pothesis2 was rejected indicating that there was a significant
effect over time., The null hypothesis3 was accepted for each

grouping indicating that there was no significant interaction.



The Newman-Keuls probing procedure was used to deter-
mine where the significant effect over time occurred. Results
of the combined group of students, and the low-achieving students
showed that there were significant differences at the .01 level
between pretest(l) and the post-test and retention tests, and
between pretest(z) and the post-test and retention tests. The
results of the average-achieving group of students differed in
that the level of the significance achieved between means of the
pretest, and the retention test reached only the .05 level in-
stead of the .0l level. The Newman-Keuls results suggest that
significant learning took place over time with all groups and
that this can be said with more certainty in reference to the low-
achieving students,

The test for simple main effects was conducted for de-
scriptive purposes. An examination of the results (Tables Seven,
Eight, Nine) revealed that for combined groups of students and
the low-achieving students, significant results over time occurred
for the C.A.L. group, the tutorial group and the control group.
The average-achieving group showed significant results at the
.05 level for the C.A.L. and the tutorial groups only. The control
group of average-achievers did not show significant gains over
time. For the average-achievers thén, the two experimental groups
showed superiority over the control group when comparing group
.means over time,

Examination of the correlations (Tables Ten, Eleven,
Twelve) reveals that gains in learning over the period of the
study were not highly consistent. There are several possible

reasons for this, Removal of results of contaminated control S's
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affected these results. Scheduling the post-test and retention
test late in the academic year (June) may have produced low cor-
relations between the post and retention tests, Overall, the
results of the study did not show statistical significance. This
fajlure to achieve statistical significance, while disappointing,
does not mean that the results are not educationally significant.,
Examination of the mean scores over time reveals academic gains
for all cases except for the control group of average achievers,
This examination also showed that the groups receiving C.A.L.
assistance made greater gains (Figures Two, Three, Four). Exam-
ination of the correlation matrices also indicated that there was
greater consistency over time with the C.A.L, group. Individual

scores of all subjects are graphed and discussed in Appendix I,

General Comment

As mentioned earlier, F, Kerlinger (1966, p. 317) states
that the most serious problem in a time-series design of research
is that of "history", that is, controlling the number of specific
events that occur between the measurements in addition to the
experimental variable., This study attempted to control for this
problem by including "control" groups in the design. Unfortunate-
ly the number of variables affecting scores in elementary schools,
do not seem to be controlled for by the simple addition of a
"control” group. Therefore, in the opinion of this experimenter,
uncpntrolled "history" is the main problem of this research
project. Statistical significance will continue to be difficult
to achieve in using intact elementary school classrooms. How-

ever, it is in these settings that such questions need to be

asked,



This study and previous research has shown that C.A.L.
can be as effective as traditional instruction. In addition
to this, several observations from this research suggest inter-
esting educational implications.

Through the use of C.A.L. and computer-produced drill
sheets, the resource teacher was able to provide remedial ar-
ithmetic drill and practice to forty students three times per
week for three months while continuing with other assigned teach-
ing duties., What has traditionally been a rather burdensome
chore for both teacher and students became a much more meaning-
ful, exciting exercise., Not required to provide this amount of
necessary remedial drill and practice, the resource teacher was
able to attend to the more professional duties of a teacher such
as individual student programming.

The use of high-achieving students as “proctors* to
assist with the daily operation of the computer terminal
produced several interesting observations. The proctors were
extremely responsible and responsive to their assigned duties.
They were very excited and proud of their ability to explain,
and assist with the calling up of computer programs. The proctors®
attitude towards the project remained high for the duration of
the project, Most interesting though, was the fact that their
arithmetic achievement on the M.A.T. rose more than expected.

General teacher interest in this project developed
slowly, All teachers and school administrators were provided
with a one-day inservice prior to the experimental phase begin-
ning and all classrooms of children in the school were given

demonstrations of the programs. Significant teacher interest
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and concern for C.A.L. developed after the project demonstrated
that a2 minimum of teacher effort would be required to operate
the terminal. Interest was further developed after a demonstra-
tion that computer-generated drill sheets could greatly reduce
the teachers® workload and free them for more professional in-
volvement in the education of their students.

In presenting C.A.L. as an adjunct to regular classroom
instruction, all the grade 5 and 6 teachers had to re-examine
their present use of drill and practice exercises in the mastery
of basic arithmetic skills, This consideration of the teaching/
learning act is a positive result of C.A.L. which generally re-
sulted in better individualized instruction throughout the school.
Over time this increased awareness of the importance of proper
drill and practice would contribute to the general effectiveness
of C.A.L. by fostering a closer relationship between classroom

instruction and C.A.L. drills.

Implications and Future Considerations

The results of the study showed that C.A.L. can be a
powerful educational tool for teachers, While this study failed
to show statistical significance, it did demonstrate that C.A.L.
can operate usefully as an adjunct to regular classroom instruc-
tion. The study has however, pointed out several limitations
both of research design and terminal operation,

Reference has already been made to the problem of a time
series design experiment. An alternative research model should
be investigated., Perhaps, a design employing a N=1 form might
be most productive for in-school research. Individual scores

of all subjects are graphed and discussed in Appendix I.
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More emphasis should be placed on demonstrating
educational significance rather than statistical significance.
This would be possible through the use of criterion-referenced
assessments rather than norm-referenced achievement tests,
Criterion-referenced student assessments would strengthen the
use of C,A.L. by allowing the instructors to match C.A.L. drills
more closely to needed areas of instruction.

Further studies employing a time-design should pay close
attention to scheduling. While a full three months is necessary
for the "treatment" phase, having the post-test and retention
test occur during the month of June is a mistake. The test-
taking ability of elementary school students does not appear
quite as productive as it is at other times of the year. Final
scheduling of tests had to accommodate track and field days and
field trips. These events may have affected student achievements
particularly on the retention test.

The information retrieval system which became available
after the conclusion of this experiment will greatly aid the
teacher in the maintenance of student records and in planning
student programs. This information system will assist future
research in this area,

Scheduling of students on C.A.L. would have been much
more effective had two or more teletype terminals been available.
Whether this would have improved academic achievement is another
research question, but certainly more access to C.A.L. programs

would have assisted in the operation of the program.
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Summary and Conclusions

In regard to the analysis of variance results, the
data supported the acceptance of null hypothesis (1) that
there was no significant difference between groups due to
different treatments. This was true in all cases: low-
achieving students, average-achieving students, and the combined
group., Significant differences over time were found with all
groups: C.A.L., tutorial and control group, with both low-
achieving and average-achieving students. Null hypothesis (2)
was therefore rejected., The aposteriori Newman-Keuls technique
showed the differences to be between pretest (1) and the post-
test and retention test, and between pretest (2) and the post
and retention tests. Used for descriptive pQrposes, the test
for simple main effects indicated that with average-achieving
students there was a significant gain over time by the C.A.L.
and the tutorial groups, but not by the control group. The test
for simple main effects indicated that with low-achieving stu-
dents there was a significant gain over time for all groups but
the greatest gain was made by the C.A.L. group.

This study has used locally produced C.A.L. drill and
practice programs with intact classes of grade five and six
students., This will make this study educationally relevant to
teachers wishing to use C.A.L. While failing to demonstrate
statistical significance in favour of C.A.L. or computer-generated
drill sheets; it does provide supportive observations which sug-
gest that C.A.L. is of definite benefit to arithmetic achievement.
Interest in computer-assisted learning remained high througﬁout

the project and continued to be a source of motivation for both
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low-achieving and average-achieving students.

Since the completion of this study, there are now
many more C,A.L. programs available in a wider range of activi-
ties both in mathematics and language arts. These will contri-

bute greatly to the effectiveness of computer-assisted learning.
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in Mathematics
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- (Fiorentino, 1977)
GRADE
STUDY MODE SUBJECT LEVEL RESULTS**
Arnold (1970) Drill & Practice Arithmetic 3 - 6 +
Carlson & - Arithmetic 1 -6 +
Others (1974)
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 +
Handicapped
Jacobson (1975) Drill & Practice Arithmetic L - g +
Jamison & - Arithmetic 5,6 +
Others (1973)
Xnutson & Drill & Practice Math 2.M.R. +
Prochnow (Money)
(1970)
Palmer (1973) Drill & Practice Arithmetic 3 -6 +
Perry (1973) Wixed Consumer  secondary +
Arithmetic
Prince (1969) Drill & Practice Arithmetic 1 -6 +
Romans (1974) Mixed Mathematics - +
Sandals (1973) lMixed Maths & Soc-*E.M.R. +
ial Skills
Scrivens (1970) Drill & Practice Arithmetic 3 - +
Street (1972) Drill & Practice Arithmetic 3 -7 =
Suppes & Drill & Practice Arithmetic 2 - 6 +
Morningstar
(1969)
Suppes & Drill & Practice Arithmetic 3 +
Morningstar
(1972)
Suppes & - Arithmetic elementary & +
Others (1973) secondary
(deaf)

R
'\’—JOA‘M:R .

refers to educable mentally retarded children,

#%*Tn this and subseguent tables a "+" indicates that the C.A.L.

students achieved better than non-C.A.L.
students did less well, while "=" indicates

that C.A.L.

the same level of achievement,

A "n_n

indicates
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APPENDTY B

Summary Data - Subject Fool

SUBJECT SEX AGE GRADE LEVEL TEST/DATE/I1Q
1 F 10.6 5 LT /74/94
2 M 10.6 5 LT/74/99
3 M 10.1 5 -

L M 10.4 5 1T/ 74 /104
5 F 10,7 5 IT/74/89
6 F 10.8 5 LT/74/83
7 I 10.2 5 WISC/75/96
8 1 10,4 5 LT/74/108
9 M 11.2 5 LT /74/106
10 F 10.1 5 -
11 F 11.9 6 LT/73/9k4
12 iy 11.3 6 LT/73/101
13 M 11,54 6 11/73/107
14 1 11.3 6 LT/73/94
15 P 11.3 6 0TIS/73/88%
16 N 11.6 6 1T/73/89
17 F 11.4 6 1T/73/102
18 I 11.8 6 1T/73/116
19 F 12.3 6 0TIS/73/112
20 r 11.2 6 LT/73/97
21 I 10.2 5 LT /74/101
22 P 11.3 5 LT /74 /104
23 i 10.8 5 -
24 M 10.4 5 -
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APPENDIX B (cont'd)

82

SUBJECT SEY AGE GRADE TEST/DATE/TH
25 F 10,6 5 -
26 F 10.3 5 0TI1S/73/113
27 F 10.3 5 LT/74/116
28 M 10.4 5 WISC/74/88
29 1 10.3 5 LT/ 74 /84
30 M 10.9 5 LT/74/89
31% F 11.1 6 -
32% F 12,2 6 17/73/108
33% F 11,4 6 LT/73/84
3l 1t 11.2 6 IT/73/83
35 M 11.8 6 LT/73/106
36 F 11.7 6 LT/73/96
37 1 11.4 6 OTIS/74/111
38 13 11.1 6 LT /78 /94
39 F 11.8 6 LT/73/94
Lo i 11.6 6 1T/73/89
L3 i 10.4 5 LT /74/97
b2 M 10.6 5 OTIS/73/104
L3 5 11.2 5 WISC/74/96
Ll F 11.4 5 T /74/88
Ls 'm 10.9 5 LT/74/101
L6 F 10.8 5 r/74/112
b7 F 10.9 5 1T /74/84
43 r 10.8 5 -
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APPENDIX B (cont'd)

Summary Data - Subject Pool

SUBJEGT SEX AGE GRADE LEVEL TEST/DATE/IQ
Lo M 10,4 5 LT/74/116
50 F 10. 4 5 LT /74/97
51 M 11.2 6 0TIS/72/112
52 M 12.3 6 1T/73/88
53 F 11.8 6 -
5h F 11.6 6 T /73/84
55 R 11.8 6 LT/73/106
56 i 11.2 6 17/73/96
5% F 11.4 6 PPUT /75/84
583% M 11.4 6 LT/73/89
59 R 12,2 6 T /73/101
60 o 11.1 6 17/73/110

*Subjects removed from control group.
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) YOU VANT TO DO ADDITION . 3 OR SU3TRACTIOXN

PLEASE ANSVER WITH EITHER °+°* OR °-T.

B3 YQU VANT TO DO ADDITION C°+°) OR SUBTRAGTION €°—*)

NALLEST POSSIBLE S (FROM 1 TO 18>7 -=5

" LARGEST POSSIBLE SUm (FROM 5 T0O 19> 7 15
.507»‘ MANY QUESTIQNS (FROM 1 TG 23) DO YOU wahy 2 5

IYPE IN YOUR FIRST NARE HEREY

DAVID
TYPE IN YOUR LAST NAME HERE 2?2 -

ot oy B g

PROBLENMS-

7z 14
<DAVID

i1
3> b1
? 12 ,
<PDAVID

7 12
<DAVID

8
> 1

e v g e

9
" <DAVID

(N

oy

3L,
ADDITION
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LRILL NUMSER  DISCRIPTICN

] ADDITION

2 SUBTRACTION

3 . MULTIPLICATION

a ADDITION, SUBTRACTION AND MULFIPLICATION

PHICH DRILL DO YOU WANT(1,2,3 OR 4) 2 1

HOV MANY PROBLEMS (FROM ! TO 2@) DQ YOU VANT? 3

HO® LARGE AN ANSWER (1-99) D0 YOU WANT T0 W3RK WITH 2z 99
VHAT IS YOUR FIRST NAME! ? BERNIE

HELLD BER'\YIE@ YHAT IS YOUH LAST NAME?

YVELL. BERNIE, WE ARE GOING TO WORK VITH MISSING KJU"IL‘ZALS
D0 YOU WANT TO SEE THE DIRECTIONS. Y£$ R N3? YES

$)IN EACH PROBLEM THERE VWILL BE A MISSING NWIBER

2) FIGURE OUT WHAT MISSING NUMBER WILL MAXKE THE
PROBLEY RIGHT.
3) WHEN THE MACHINE STOPS TYPE IN THE MISSING NUMBER
A) THE SIGNS I YILL USE ARES ADD{2>)J SUBTRHET (-23
AND MULTIPLY (X7 '

HERE IS5 AN EXAMPLE-eoee

' + ¢ 3 = a7
¢ 3I=2 38

0K BERNIES LET'S GET STARTEDocsw e

¢ Y + 14 = 81
¢ ) =2 77 . |
THAT 15 NOT RIGHT BERNIE

€ 3 # i4 = 81
€ 3 =2 67

CORRECT BERNIE

67 ¢ 14 = 81 1S THE CORRECT ANSVER



HI, THERE. WHAT IS YOUR FIRST NAME? DAVID 86

WHAT 1S5 YOUR LAST NAME, DAVID ?
HOW MANY PROBLEMS (FROM 1 TO 15> WOULD YOU LIKE TO DO 2 3
DO YOU WANT TO WORK VWITH DECIMALS 7 NO

HOW MANY DIGITS C(FROM 1 TO 9) DO YOU WANT IN
THE NUMBER YOU DIVIDE INTO? 5

HOW MANY DIGITS CFROM 1| TO 5 ) D0 YOU VWANT IN THE
NUMBER THAT YOU DIVIDE BY ? 2

26 3 93716
= 2 2335

EXCELLENT, DAVID. THAT IS ABSOLUTELY CORRECT.
THE ANSWER IS 2835 » '

55 d 76945
= 2 13145

K0, DAVID. THAT IS WRONG. THE ANSWER IS5 1399 .

21 )} 87024

= 7 1-4144

VERY GOOD, DAVID. THAT 1S CORRECT. THE ANSWER IS a1a4 .
THE DRILL IS OVER, DAVID.
NUMBER OF PROBLEMS ATTEMPTED: 3

NUMBER OF PROBLEMS CORRECT: 2
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STUDENT REPORT LISTING

THE FOLLOVWING SECTION VWILL DESCRIBE HOW THE. TFACHER
IS 70 OBTAIN A REPORT LISTZMG

IHE F dLOWING UNDERLINED STATEMENTS FUST BE TYP&D

BATCH .
SRFL»28333e -—= SYSTEM RESPONSE

ZCALLL>LISTHx%x —- THE ASTERISKS (%x*¥%) REPRESENT THE
SCHOQL CODE.

NBe *%2 THERE MAY BE A DELAY OF UP TO A MINUTE BEFORE

»xx THE SYSTEM CONTINUES VITH THE REST OF THE
¥ RESPONSE. THIS IS DUE TO THE FACT THAT SEVERAL
¥¥¥ PROGRAMS MUST BE EXECUTED BEFORE THE LISTING.

fHd THE TIEMPCRARY FILLE IS BEING SORTED sk

s%% THE TEMPORARY FILE IS BEING MERGED #%%

8NOTE AT THIS POINT YOU HAVE ENTERED THE LISTING
PROGRAM AND YOU VWILL BE ASKED QUESTIONS DEPENDING
oW THE TYPE OF LISTING YOU UANT.

HERE ARE EXAMPLES 0F THE TWO TYPES oF LISTNGS
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PROGRAMN SENPAT]

DO YOU WANT FULL DATA (F) OR SHORTENED DATA (33 7 S

PLEASE ENTER FOUR WYALUES <TYPE 31,31.,F,D FOR FULL DATA}-
7?7 1o1>RUNNEYMEDES

5 THIS YOUR CORRECT NAME ? RUNNEYMEDE - ? YES

"DRILL €1) LEVEL 1» PAST TENSE» TOPIC A

¢ 1 ) THE FIREMAN STOPPED
WHAT IS THE VERB ? STOPPED

< TERRIFIC THINKING RUNNEYMEDE

THE FIREMAN STOPPED

O > A s > e s s e an wne TS TS TATS TN

WHAT SENTENCE PATTERN IS THIS 7 1}
< YOU ARE RIGHT RUNNEYMEDE

CONGRATULATIONS RUNNEYMEDE . - YOU HAVE COMPLETED THE DRILL.
HOULD YOU LIKE TO TRY ANY MORE PROBLEMS 2 NO

o88 WORK COMPLETED TODAY 2%
NUHMBER OF ANSWERS RIGHT = )
N UMBER OF ANSWERS WRONG =
PERCENTAGE CORRECT = 100

- 2.
0

YOU DID VERY WELL TODAY RUNNEYMEDE "7 HAVE A NICE DAY.

sox REMEMBER TO TYPE: APPENDs.  »%4ORK
oo WHEN YOU FINISH
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76/08/18. 1 4 12 100
76/08/18. 1 2 100
NUMBER OF SESSIONS: 2 AVERAGE MARK: 100

. 0Q#W@'ﬁ**§$¢$$$¢$¢*##0#@###*#**###**9#***##ﬂi#t####*t#*#-ﬁ*##**#*#*###*ﬂt#t



BATCH
SRFL,23333.
ZCALL>RSPROG

#e%x¥% THE TEMPORARY FILE IS BEING SORTED #xht#

#%x%% THE FILES ARE BEING MERGED *#%%%

DO YOU WANT A REPORT LISTING? YES OR NO ? YES

B0 YOU YANT AN ENTIRE SCHOOL LISTING? YES OR NG 7 NO.
HOW MANY STUDENTS DO YOU WANT TO SELECT 7 2

PLEASE TYPE IN STUDENT NAMES ALPHABETICALL? USing
LAST NAMES. 1IF THE LAST NAMES ARE IDENTICAL THEN
DETERMINE THEIR ORDER BY FIRST NAMES.

TYPE IN THE LAST NAME AND FIRST NAME WHEN ASKED

LAST NAME 7
FIRST NAME? CATHY

LAST NAME ? :
FIRST WAME? SANDY

}

PLEASE CHECK THE FOLLOWING LISTING FOR SPELLING ERRORS
TYPE IN THE NUMBER OF THE NAME THAT CONTAINS THE ERROR
AND RETYPE THE LAST AND FIRST NAMES WHEN ASKED.

t CATHY

2 , SANDY
ARE THERE ANY SPELLING EZRRORS? YES OR NO? YES

TYPE IN THE NUMBER OF THE INCORRECT NAME? 2

CORRECT LAST NAME ? -
CORRECT FIRST NAME? SANDY

e 3 ' sayDY
IS THE NAME SPELLED CORRECTLY 7 YES

ARE THERE ANY OTHER MISPELLED NAMES? YES OR NO? NO



SANDY

@ o e @ o e @ W @ e B @ 6 B e o e @ @ av ay es W M P W ™ & e » > & @ @ @ e

%

e ALPHAL %%

DRILL NUM - o . - N@ NR MARK

D W wP € D D o Gp @ o @ oz e s oy @ a

76/88719. 4 ' 5 & 8%

NUMBER OF SESSIONS: AVERAGE MARK: 89

08 STORYD ##¥

N@ NR MARK

L X @ uy B o o

76/587/19 _ - ' § 1 193
NUMBER OF SESSIONSt AVERAGE MARK: 193
0 o R 0o o b ol N oo 0l A o e ol o e o e e oo oo o o o o o oo oo o o o o o e o o ol o o o R

o9¢ END OF MONTHLY STUDENT REPORT ##%
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NB. ##% PLEASE REMIMBER THIS FACT ##%x%

~

IN THE INFORMATION SYSTEM THERE ARE TWQ FILES

THE TEMPORARY FILE KEEPS THE STUDENT RECORDS UNTIL
A TEACHER ASKS FOR A REPORT LISTINGe WHEN THE
REPORT HAS BEEN LISTED THE TEMPORARY FILE IS
EMPTIED> AND IS RETURNED AS AN EMPTY FILE:s ON
WVHICH NEY STUDENT RECORDS MAY BE STOREDe

" THE PERMANENT FILE KEEPS THE RECORD OF THE éOBTED
AND MERGED STUDENT ESCORDS» WHICH MAY BE ACCESSED
BY THE TEACHER WHEN A REPORT LISTING IS REQUIRED

AT THE END OF EACH MONTH, THE PERMANENT FILE FOR
THAT MONTH VWILL BE REMOVED FROM THE SYSTEM AND
VILL BE REPLACED BY A NEV EMPTY PERMANENT FILEe.

LAST SCHOOL DAY OF THE MONTH
I

THEREFCRE ON THE
PLEASEC RN A LISTING OF THE ENTIRE SCHOOL



THE SECOND ITEM THE STUDENT MUST DO IS TO SAVE THE
RESULTS OF THE PROGEAM THAT HE/SHE HAS JUSY
CO-PLETED ON THE INFORMATION SYSTEM. THIS 1S BONE
IN THE FOLLOWING MANNER.

HOTE THAT THE STUDENT HAS TO LEARN ONWLY 1 NEW LINE.
THIS LINE IS THE LAST THING THAT MUST BE TYPED AFTER
THE PROGRAM HAS STOPPEDe

HERE IS THE SENTENCE

APPEND: *#*¥s WORK

WBe THE THREE ASTERISKS (*¥») REPRESENT THE
SCHCOL CODE WHICH IS UNIQUE TO EACH SCHOOLe

YOU WILL BE GIVEN YOUR SCHOOL CODE BY YOUR
RESEARCH ASSISTANT IN YOUR SCHOOLe.

WOTE THAT THE PROGRAMS HAVE BEEW MODIFIED TO
REMIND THE STUDENT OR SUPERVISOR OR MONITOR
70 TYPE IN THIS LAST SENTENCE.

HERE IS AN EXAMPLE OF HOW TO SAVE STUDENT RESULTS

BYE CAPTAIN CANADA. SEE YOU AGAIN SOON.

2% REMEMBER TO TYPE: APPEND> +WORK
eH¥ WHAEN YOU FINEISH :

P

9. 648 SECSe

RUN- COMPLETE.

APPENDs #%%>WORK  THIS IS WHERE YOU TYPE IN YOUR

cP

- SENTENCE IEe. AFTER THE PROGRAM

8.083 SECSe

READY. .

NBe 2¢% IF THIS SENTENCE  APPENDs#%%*WORX 1S NOT
5% TYPSD IN AFTER THE PROGRAM THEN THE STUDENT
¢9% RESULTS WILL NOT BE SAVED
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APPENDIX D

Raw Scores - C.A.L. Group

May 21
C.A.L. GROUP Pri Pr2 I Po Re

Student No. 1. 5.6 5.0 5.30 7.5 5.9
2. 5.k Lh,o 5.15 5.9 5.3
3. 5.6 5.3 5.45 5.0 5.9
b, Sl 5.9 5.65 6.3 5.9
5. 5.6 5.7 5.65 6.8 6.6
6. h.9 4.9 4.90 6.1 5.7
7 L,6 5.1 L,85 5.9 5.5
8. bh,o 5.0 4,95 6.8 6.3
9. h,1 h.3 Lh.20 5.6 L,6
10. 5.4 .3 4,85 6.3 5.3
11, 5.1 5.3 5.2 6.3 5.3
12, 5.7 6.3 6.0 8.1 6.0
13. 5.1 6.0 5.55 7.1 6.0
14, 5.0 5.0 5.0 6.5 6.0
15. 6.0 5.9 5.45 6.0 6.1
16, 6.0 7.1 6.55 7.1 7.5
17. 6.0 6.6 6.3 7.5 8.7
18, 6.6 5.7 6.15 8.1 7.3
19. 6.8 7.3 7.05 7.5 6.2
20, 6.1 75 6.8 8.5 7.5

N=20



Raw Scores - Tutorial Group

A

i

PENDIX

D

TUTORTAL GROUP Prl Pr2 M Po Re
Student WNo. 21. h.o L,8 L,ss 6.8 6.8
22, L,6 b,8 b7 5.7 Sk
23. L4 4.5 4, lhs 5.1 5.3
24, h.o h,7 L8 5.9 5.4
25. b,1 b,1 b1 5.0 5.1
26. 5.3 b, by 4,85 L,9 5.7
27, 5.7 5.4 5:55 6.0 5.4
28, 5.3 L,9 5.1 ok L,1
29, 5.0 5.1 5.05 6.6 5.7
30, k,9 5.0 4,95 5.6 5.9
31. 5.3 5.3 5.3 6.6 6.6
32, 5.9 6.0 6.0 7.1 7.3
33.. 6.0 5.6 6.0 6.3 6.1
3k, 5.7 5.7 5.7 5.7 6.8
35. bh.o 5.7 5.3 5.1 b,b
36. 6.8 7.5 7.15 6.6 7.7
37. 5.9 7.1 6.5 6.0 5.8
38. 6.1 7.3 6.7 7.7 7.1
39. 6.8 6.l 6.1 9.7 2.6
Lo, 7.3 7.5 7.4 7.3 9.4



Raw 5Scores - Control Group

APPENDIX D

June 1
CONTROL GROUP Pri Pr2 M Po Re
Student No. 41, L, 4 L,6 L,s 6.0 5.4
L2, 5.1 4.8 e 5.7 6.3
L3, 5.1 b,1 b.s 5.4 5.7
L, L,6 L,6 Lh.6 5.1 ol
Ls, 6.0 L,6 L,8 6.3 5.9
L6, 5.7 5.0 5.35 5.9 S.h
L7, 5.3 5.6 5.45 7.3 6.1
1g, 5.1 5.3 5.1 6.6 5.4
bo, 5.1 5.9 5¢5 5.9
50. b.6 5.6 5.0 6.0 5.9
51, 6.1 5.9 6.0 6.0 5.6
52, L.o 6.0 5.45 6.8 6.3
53. 5.0 5.3 5.15 6.6 6.0
54, 5.4 6.0 5.7 5.7 6.3
554 5.4 5.3 5.35 6.6 5.7
56. 6.6 7.5 7.0 6.8 7.3
57 7.5 7.2 7.3 8.5 9.2
58, 6.1 6.3 6.2 N/A N/A
59. 6.1 7.3 6.6 9.7 9.3
0. 6.0 5.9 5.95 6.8 6.5
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APPENDIX E

DATA TREATMENT DESIGN - RAW SCORES
Pretest 1 Pretest 2 Post=-test Retention test

Average: C.A.L, 5.1 5.7 5.1 5.0 5.0[5.3 6.3 6,0 5,0 5.9 16.,38,1 7.1 6.5 6.0 5.3 6,0 6,0 6.0 6.1
Achievers

6.0 6.0 6,6 6.8 6,1|7.1 6.6 5,7 7.3 7.5|7.1 7.5 8.1 7.5 8.5 |7.58,7 7.3 6.8 7.5

Tutorial|5.3 5.9 6.0 5.9 4.9 15,3 6,0 5.6 5.7 5.7 | 6.6 7.1 6.3 5.7 5.1 |6.6 7.3 6.1 6.8 0.4

6.8 5.9 6.1 6.8 7.3 7.5 7.1 7.3 5.47,5[6.66.07.79.77.3|7.7 5.3 7.1 9.6 9.4

Control |6.1 4.9 5,0 5.4 5.415.9 6.0 5.3 6.0 5.3 /6.0 6.8 6,6 5.7 6.6 |5.6 6.3 6.0 6,3 5,7

6.6 7.9 6,1 6,1 6,0(7.5 7.2 6,37.35,9|6.88.5 - 9,76,8]7.39.2 - 2.3 6.5

Low C.A.L. 5.6 5.4 5.6 5.4 5,6 5.0 £.9 5.3 5,9 5.7 [ 7.5 5.9 5.0 6.3 6.8 5.9 5.3 5,9 5,0 6,6
Achievers

hoo b6 b9 b1 5,4 10,9 5,1 5,04,35.,3[6.15.96.85.66.3 (5.7 5,5 6.3 4,6 5.3

Tutorial (4.9 4.6 4,4 4,9 4,1 | 4,8 4,8 4,5 4,7 4,1 6.8 5,7 5.1 5.9 5.0 {6.8 5,4 5.3 5.4 5,1

3 5.7 5.3 5.0 4.9 bl 5.4 4,9 5,1 5,0 4.9 6,04.46,65.615.7 5,4 5,1 5.7 5.9

Control 4.4 5.1 5.1 4,6 5.0 | 4.4 4.8 4,1 4,6 4,6 (6.0 5.7 5.4 5.1 6.3 |5.4 6.3 5.7 b4 5.0

5.7 5.3 5.1 5.1 5.2 15,0 5.3 5.2 5.9 5.6 {5.9 7.3 6.6 5.9 6.0 |5.4 6.1 5.4 6,2 5.9

L6



APPENDIX E

DATA TREATMENT DESIGN - MEANS AND STANDARD DEVIATIONS

Pretest 1 Pretest 2 Post-test | Retention test
Average CohA.L. X = 5,74 X = 6,27 X = 7.27 X = 6,72
Achievers : S = ,67 S = ,85 S = L83 S = 1,02
Tutorial X = 6,09 X = 6,31 X = 6,81 X = 7.53
S = .?2 S = 092 S = 1027 S = 1.48
Control X = 5,95 X = 6,27 X = 7,05 X = 6,91
S = ,88 S = ,80 S = 1,25 S = 1.42
Low_ C.A, L, X = 5,15 X = 5,14 X = 6,22 X = 5,7
Achievers S = .51 S = .48 S = .70 S = .56
Tutorial X =4,82 X = 4,77 X = 5,6 X = 5,58
S = .55 S = .37 S = .76 S = .50
Control X = 5,06 X = 4,95 X = 6,02 X = 5,67
S = ,36 S = .56 S = .62 S = .56
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C.A.L.M. Manual

Computer Assisted Learning Manual



1]

‘C.OMPUTER A.SSISTED L.EARNING Mo ANUAL

- DRILL AND PRACTICE INeee
¢1) MATHEMATICS
¢2) LANGUAGE ARTS
¢3) FRENCH
- SKILL SHEETS
- EDUCATIONALLY-BASED GAMES
- INSTRUCTIONS FOR USE QFeee
¢1) SHORTENED DATA
¢2) INFORMATION SYSTEM

AFFILIATED SCHOOCLS @

BRITANNIA ELEMENTARY SCHOOL )
ST. JAMES ASSININBOINE SCHOOL DIVISION #2
= KEITH GRAHAHM

CENTRAL NORTH UPGRADING CENTER
TRANSCONA, SPRINGFIELD SCHOOL DIVISION
- ONFRIO FIORENTING

ELLEN DOUGLASS SCHOOL FOR THE HANDICAPPED
WINNIPEG #1 SCHOOL DIVISION
- CATHI HiLL

MANITOBA SCHOOL FOR THE DEAF
- LOU REEVES

PROGRAMS WRITTEN AND COMPILED UNDER SoToEaP- BY ¢

1975-1976 OLIVE RICARD
' JOHN SYLVESTER
SOAN WASYLIW.

1976-3977 CHERYL BALABERDA
SANDY MILCVANOVICH
RICK SIMANAVICIUS

ADVISOR: DRe LAURAN SANDALS
DEPARTMENT HEAD
EDUCATIONAL PSYCHOLOGY
FACULTY OF EDUCATION
UNIVERSITY OF MANITOBA

AUGUST 17, 1976



