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ABSTRACT

The purpose of this study was to compare the
éffectiveness of two methods of Drill and Practice
procedures. The methods tested were:

ca) Worksheeﬁs

b) Computerized Drill and Practice Programs.

The students involved in this project were enrolled
in Grade Seven at West S5t. Paul School in Winnipeg. All
subjects, on the basis of their past performance and the
pre test, were considered beléw average in mathematical
ability. A total of 24 students were divided qandomly
into two matched groups. Both groups received regular
classroom instruction supplemented by 10 mihutes, per day,
of drill exercises 1in the mode designated for the group.
During the month of October, 1975, both groups completed a
program dealing with:

a) Multiplication of Integers,

b) Multiplication of Decimals,

c) Divisibn of Integers,

d) Division of Decimals.

The instrument employed for the pretest (before the
commencement of the project), posttest (immediately
after the completion of fhe taught topic) and the retention-
test (after the Christmas recess) was the Brueckner
Diagnostic Test and the test on Multiplication of Decimals
devised by the author. | |

Matrix of Intercorrelations and 2X3 Analysis of
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Variance for Repeated Measures were used to analyse the
data.
The analysis indicated that there was no significant

difference between the two groups.
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CHAPTER I
INTRODUCTION

The objective Qf this study was to compare, at 3 grade
seven level,  the ellectiveness of two methods of reinforce-
ment of a learned mathematics material. The two methods
being compared were: a) Worksheets

b) Computer directed Drill and Practice
programs.

The author's interest in this lield stems (rom the
fact that in the present educatioﬁal system, a considerable
portion of the total class time In mathematics 1s devoted
to drill. [t may be considered a '"necessary evil." Much
of" the time, neither teachers nor puplls enjoy this
repetitious task, however, 1t must be done in order to
achieve any degree of mastery of Llhe matefial. Any
innovation leading to improvement ol the presently used
methods is bound to be welcomed by all parties involved.

There are a number of reasons why the author has
chosen worksheets and computer directed Drill and Practice
programs as the [ocus of his study. The first method 18
probably the most frequently used. The second type holds
promise [or the [uture. It seems‘légical that computers,
which in a relatively short period’of time have ilnvaded
practically all facets of our life,_wiil sooner or later
make an impact on our e&ucational system.

The authof's main interest lies in Computer Assisted

Instruction(CAI). He is convinced that this is the melhod



of the near f{uture.

Governments and private businesses have invested too
mﬁch time and money in‘educational research and materials
to let the whole [ield of CAI slip into oblivion. For
example, International Business Machines (IBM) developed
a student terminal which allows the student‘to recelve
audio messages and slide projections, in addition to
teletype or Cathode Ray Tube (CRT) output. Mitre
Cbrpqration developed a system which, for relétively low
cost of $450,000, (1972), offers a complete computer system
Servihg 128 interaétive student terminals (included in the
price). There is a good possibility that this érice will
go even lower. Science Researéh Associates (SRA), a company
specializing in production of educational materials, invested
hundreds of thousands of dollars ih the Arithmetic Proficiency
Training Program which is currently available fof rent
(Krotochvil, 1972). Ford Foundation, as early as 1964,
started providing financial assistance to projects involving
computers in education. In the following six yeafs>as
much as $1,090,000 hadvbeen spent by the foundation for
that purpose. Universities and colleges across the United
States and Canada for some time have»been involved in
research dealing with CAI and have obtained many dramatic
and encouraging reéultsg

The above mentioned are only some of the examples which
imply that the Computer Directed Drill and Practice programs

hold a great promise for the future, and which prompted the



author to do research in this field.

In this study the author has tried to answer the follow=-
ing guestions:

1) Are Cdmputerized Drill and Practice programs as
effective és worksheets?

2) Can we, in Manitoba, with our present resources
duplicate some of the positive résults obtained in the
United States?

3) Is it possible to conduct meaningful CAIL at a ratib
of ten students to one computer terminal?

4) Does the mode of drill exercises have any bearing on
the retention of the taught material? a

Definitions of Terms

" For the purpose of this study, the following definitions

will be used: |

1) Interactive Terminal - An Input/Output device linked
directly to a computer via a telephone line or coaxial cable.
The input on such a device is achieved through a teletype
keyboard and the output is obtained on an electrical
typewriter or CRT.

2) Datacom 100 - A type of interactive terminal in the
form of a teletype.

3) Portacom - A brand name of a portable interactive
terminal.

4) Drill and Practice Program - Self-governing computer
program providing problems to be solved for the purpose of

reinforcement of learned material.



5)lWorksheets ~ Sheets of paper. with a number of
problems pertaining to a given topic used for reinforcement
and practice of learned material.

6) Achievement - A numerical scére obtained on a
given test, in this caée Brueckner Diagnostic Test and the

test on Multiplication of Decimals developed by the author.



sSummary

There is little .doubt in the author's mind that the
gfeat technological advances‘being made continuously in
the field of electronics are bound to, sooner or later,
affect the process of education; When this happens, new
methods will. supplement, or even replace, o0ld procédures,

This line of.reasoning led the author to attempt to
‘compare the effectiveness of an old and tried method,
of drilling students in new material, such as worksheets,
with aArelatively new way such as computer assisted drill
exérciseé,

" The questions which the author tried to answer were:

1) how effective are the computerized drill and practice
exercises compared to worksheets?
2) are we . in Manitoba capable of providing our étudents,
at the present time, with effective computer assisted
drill and practice exercises?

The procedures followed and the results obtained
in this project are stated in chapter three and four of
this thesis. In chapter five the author discusses his
findings and gives recommendations for the futufe
considerations.

Chapter two presents the results of some of the
publishéd empirical research, performed at various
universities and colleges in Canada, Englaﬁd and the

United States.



CHAPTER II

REVIEW OF THE LITERATURE

Introduction

Since the introduction of computers into the [ield of
education in 1850's, scores of researchers have written
reports on aspects of this relationship. The primary
purpose of this chapter is to provide an uninitiated
educator with some insights into the realm of Computer
Assisted Instruction with respect to the following four
areas: |
1) Why CAI?

2) How is the computer used in CAI?

3) The opposition to and support of CAI.

4) Results of some projects conducted in CAI.
Why CAIL? |

Every year, more and more schools in Canada and the
United States turn to computers for administrative and
instructional purposes. How does one explain this trend
in view of the relatively high cost of implementation'and
maintenance of a computer system? O'Neil and Pytlik (1972)
1ist a number of reasons which cast some light on this
phenomenon:

1) Computers make 1t possible to offer individualized
instruction to a large number of students simultaneously.-
Consequently the student may work much more nearly at his
own pace than in regular classroom.

2) Much of the teacher's routine classroom work such as



drilling,'reviewing, and pfesenting straight forward
material can be transferred fo the computer.

3)vOnoe an instructional program has been developed it can
be used by many students and for many years.

4) Computefs can continuously record and provide informa-
tion on the achievement and progress of any stﬁdent pro-
ceeding through a CAI course.

5) Since each studént works individﬁally; he [eels free to
make mistakes without fear of public embarrassment.

6) Correcting mistakes and misconceptions immediately
after a student has made them reinflforces and improves a
student's learning process.

7) The computer is impartial and consistent - it has ﬁo
favourites. It never becomes impatient with a student's
lack of progress.

Atkinsoh and Wilson (1972, pp. 3-4) cite some factors
which éxplain why this trend 1s more noticable in recent
years. These are:

a) Great strides made by electronic technology re-
flected in better, more compact and cheaper computer
systems.

b)_Gréater emphasis on individualization of Instruc-
tion resulting in increased development of programmed
instruction;

c) Increased finanbial aid tO-educationalvresearch
from various levels of government and private foundations.

A good example of a project which in a very short
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time developed from a "humble" béginning to a gigantic
operation 1s the system developed at the University of
‘.Illinois (Layman, May 1970). The objectives of this
undertaking were:

1) To investigate the potential of CAI,

2) To design an écohomically viable systen.
The project called PLATO I began in June, 1960 with a
single station. In January, 1961 the second version
(PLATO II) had already two terminals and in llarch of the
same year the irst remote terminal, located 30 miles
from the computer, was used. The spring of 1961 saw
implementation of the [irst instructlonal programs (French
and Mathematics). When in fall of 1963 the third stage
of PLATO went into operation, 32 stations were possible,
this number grew to 100 by 1964. Late in 1964, the system
was improved to allow on-line editing of programs. This
‘meant that 1t was possible to upgrade a lgsson while it
waé, actually, being used. The first complete college
course was available on PLATO in fall of 1965. A gfant
from the National Science [Foundation, received in March
1968, gave impetus to the fourth edition ol the system
(PLATO IV). The projected number of étations possible in
this system was 4,096, The distance from the computer
centfe,:at which those stations could be placed, grew
from 30 to 150 milesgs.

In spproximately 10 years, the PLATO project develop-

ed from a single station system to a2 network of over 1000
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'terminals, The number of instructional programs grew [rom
tWo, in 1961, to 900 in 1970 and now encompasses such
varied subjects as: Biology, Chemistry, Computer'Science,
Demography, Engineering, FFrench, Chinese, EBEnglish, Latin,
Japanese, Rﬁssian, Spanish, Politicsal Science, llathematics,
Physics and Experimental Psychology, to mention only some.

Kearsley (1976) in his study of CAI, found that
there were 1837 programs in 137 subjecﬁs originating from
219 sources. These programns were written in 76 suthor
languages and were controlled by 116 types of central
processors. In duration these programs ranged from a few
minutes to 695 (U.3. Army program) hours. [igures 1,2 and
3 represent a brief graphical summary of some of Kearsley's
findings.

Thefe is an indication of increased Computer Based
Education (CBE) activity in the developing nations as
shown by the growing number of their delegates present at
conflerences dealing with this topic (Kearsley, 1976).

Table 1, lists the countries, and the number of their
delegates present at the conference, dealing with computers
in education, held in Marseilles in 1975.

How Are Computers Used In CAIL?

There seems to be a general agreement, among the
participants in CAI, that all computer programs will fall
into one of the following categoriés, "instructional modes"
as they are sometimes called (Stolurow, 1972):

a)Problem Solving,
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b) Simulation and Games,

¢) Drill and Practice,

d) Tutorial,

e) Inquiry or Dialogue.
However, some educators consider combinations or variations
of the above categorlies as separate modes and arrive at a
higher number. FPFigure 4, lists ten of the seventeen modes
identified by Kearsley (1976) in his research about CAT.

Other researchers (O'Neil and Pytlik), although |
they accept the [ive previously,mentioned categories,
sﬁbdivide them into two groups according to the way the
computer is being used. These two categories are:

1) Programs where the computer serves as an aid to
vinstruction.

2) Programs in which the computer assists instruction,
The first set includes such modes as:

a) Problem Solving,

b) Simulation and Gaming.
In the second category we [ind:

a) Drill and Practice,

b) Tutorial,

c) Inquiry or Dialogue.

In_£he following section the author will attempt to
give a brief description of each of the before mentioned
modes and the benefits derived from their use.

Problem JSolving
&

In this method the student writes a computer program
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Number of delegates by country at the second
IFIPS world conference on computer education

held in lMarseilles in 1975.

COUNTRY

France
~Great Britaln
West Germany
U.S. A,
Netherlands
Sweden
Hungary
Switzerland
Denmark
Japan

Canada

[taly
Belgium
Australia
Czechslovakia
Spéin
Rumania
Brazil
Poland
Yugoslavia
Finland
A]gcriaf

{raq

COUNTRY
freland
lsrael
South Africa
Cuba
Fexico
Austria
Cameroons
Iran
Kenya
Halaysia
Arcentina
Chila
Costa Rica
gypt
Greece
'ndia
Portunal
Horocco
Thialand
Tunsia
Uruquay
1.5.S.R
Nigeria

Peru

(Kearsley,

1976)
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to solve a guantitative problem. Hooper and Toye (1975)’
mention this mode in their study of CAI in the United
Kingdom. . The benefits, which result [rom the use of this
method are:

a) To write a progrsm a‘studenﬁ must make a sfep—by-
step logical analysis of the problem and in so doing,
acquires a better understanding of the principles involved.

b) Problems which normally would be too difficult or
too long may be solved in a short period of time.

c) The computation itself does not overshadow ﬁhe
important principles béing studied.

d) The time which would be consumed perforﬁing tedious,
routine calculétioﬁs may be used [for more constructive
tasks.

Sinulation and Gaming

In this mode, the computer 1s being used to create
situations which would otherwise’be impossible to achieve,
The student is expected to supply different variables and
observe the outcome. Braun (1971) suggests the [ollowing
criteria when simulation should be used:

1) When facilities or equipment needed to conduct an
actual experiment are Costly or complex and, as a
consequence, where the experiment would probably not
otherwise be performed (e.g. complex chemistry experiments).

2) When the actual experiment is hazardous and might
endanger the ekperimenter (e.g. science experiments which

involve radiation, high temperatures, explosive gases).
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3) When time scales involved are eilther tdo short to
allow easy measurement or too long to it into the school
year (e.g. biological studies in genetics - observing
successive genérations of a particular speciés).

4) When the sample size available in the real world
is. too small to permit generalizations (e.g. the study of
rare diseases by medical students).

5) When the experimental technique is complex and
must be developed over an extended period of time.

6) When it is impossible to experiment directly
(e.g. studies of political, economic, and social systems,
human genetics). A

One example of a scientific simulation progran,
mentioned in thé L.AaC.E, Catalogue of Secondary BEducation
Programs, is LMLAND which simulates a lunar landing.

In the aréa of ecology one may be interested in the
program POLUT, developed for the Huntington II Project
(Digital Eguipment Corporation, 1971), POLUT simulates
the effect of cértain variables on the gquality of water
resource.

Closer to home, here in Winnipeg, John Cowtan
developed a program called WHEAT which very appropriately
places a student in a position of a farmer and a Wheat
Board agent. The student must first decide how much
wheat to plant, later when the computer calculates a

yield (using randomly selected weather conditions),
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the student must reach a conclusion on how much wheat to
sell and how much to keep .in reserve.

Drill and Practice

As the name implies, in this mode the computer is
used to supplement regular instruction by supplying
practice exercises to drill previously taught material.
The benefits derived from this mode are:

a) The student works at his own rate.

b) The level of the problems is especially celected
for the Studeﬁt's levél of ability.

¢) Since the student is interacting with a machine,
fear of ridicule by his peers,lcaused by a wroné response,
15 eliminated.

d)'Thé student's responses are immediately evaluated
and reinforced.

One of the best known drill and practice systems is th
system developed_at.the.Stanford University by Patrick
Suppes and Richard Atkinson (Ellis, 1374, p.44). The
system has been used for some time throughout the United
States and in each case with acclaim. It was designed to
~drill and review students on mathematicel concepts
previously introduced in classrooms by the teacher-. -The
program covers grades>one‘through six and the material
for each grade is arfanged in sequential concept blocks.
There are approximately twenty;five such blocks for each
grade.. For each day of drill or feview there are five

levels of difficulty and the starting point of a student
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depends on his previous performance.

The University of Alberta developed a system which
consists of 16 student terminals and one Proctor terminal
(Fitzgerald et al, June 1970, p.89). The programs used
in thislsystem are designed‘to drill students 1n basic
mathematical operations. From his terminal the proctor
can control the proceedings on ény student terminal.

The form of the problems is:
" a ¥ Db = é" where * = X, %, +, or -.
There sare. three types of guestions:

Type I a¥b="?

Type 11 a*?=c

Type IIL ?¥b=c
In évery case the student 1s asked to supply the missing
ﬂumber. Forms of reinforcement are the correct answer and
an audio message. The student has 30 seconds to respond
to a gquestion or prompting and a new guestion will [ollow.
.Tutorial

In 2 tutorial system, the computer assumes the res-
ponsibility For teaching new material. The interaction,
between a student and the computer, is supposed to resemble
that between a patient tutor and his pupil.

Early tutorial systems were of "linear" type. That 1is,
there was only one wéy of getting from start to the finish.
Each student had to follow the same series ol steps.
Present programs are "branching” in nature which means

that the student, depending on his ability, as indicated
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by his responses, may be directed into alternate routes t0>.
achieve the same goal. A good student may by-pess certain
parts of the program while a poor student may be forced to
do remedial material, -

An example of a commercially available tutorial
system is the Stanford Tutorial System developed by Richard
C. Atkinson (Atkinson and Wilson, 1972, p.145). The
system was developed at Stanford University withvthe
co-operation of IBM. It consists of a central processor
computer, disc~storagé unit, proctor station and 16 student
terminals. FEach student terminal consists of a plcture pro-
jector, a CRT, a light pen, a modified fypewriter keyboard
and an audio system. Each projector permits a display of
over 1000 images which may be accessed randomly by the
computer. Audio messages are synchronized with visual
images and may last frbm a few seconds to over 1% minutes.
This system is used to teach reading‘ékills.
Dialogue

This is the most complex of all systems. In this mode
the student can caffy a genulne dialogue with the computer.
The computer must accept the students response and using the
key wordéy detérmine whether it is satisfactory. The
ultimate objective of such a system is to develop it to a
point where the computer wili recognize the spoken word
and respond audibly. O'Neil and Pytlik list some

characteristics of a dialogue system which designers would
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like to incorporaté into their programs. These are:

1) The computer can take into account not only the
current question but also.the previous portion of the
conversation.

2) The uéer has the freedom of making any response,
even 1f 1t 1is irrelevant.

3) The computer itself always responds with something
relevant.

4) The computer can decide whether to delay informa-
tion reQuested by the student.

5) Computer answers may be based on complex computa-
tions. |

6) Verbal interactions should take place in common
English.

7) Questions or interactions are permissible by the
computer or the student at any time.

8) Non-verbal exchahges can include tables, graphs,
pictures and sound.

An example of a dialogue system 1s the program ELIZA
created by Joseph Weizenbaum at the llassachusetts Insti-
tute of Technology. In this system the computer simulates
the questioné and responses of 8 psychotherapist. Although
this program is only in the developmental étage, it is a
good indication of the future possibilities.

The Opposition To And Support Of CAIL -

The optimistic tone, of the first'part of this chapter,

may have suggested a wholehearted acceptance of CAI by all
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teachers and parents. This, howéver, is not the case.
Many educators resist the "encroachment" of Qdmputers into
the field of education. Some of‘their reasons are:

a) High cost of implementation and maintenance of a
computer system.

‘b) shortage of high guality CAI course material.

c) Teachers' jobs being taken over by computers.

d) Dehumsnization of education.

e) a number of educators are not Convincedvof the
effectiveness of CAI as an instructional technigue.

The proponents of CAI counter these criticisms by
pointing oul that:

a) The cost of a sysﬁem is relative and depends on
the elliciency of use. The more elfective the use, the
lower the cost. The cost per student hour in the PLATO IV
system was found to be 34¢, which Ffsvourably compares
with the cost df 36¢ required for traditional instruction
(Status of PLATO IV, Karch 1972). Also, new developments
in the computer technology such as TICCIT (Time—sharéd
4Interactive Computer-Controlled Inflormation Television)
developed by MITRE Corporation will most likely reduce the
cost to an acceptable level (Heport of the Computer/
Communications Task Force. Vol. 2, 1972).

b) The extensive use of CAI will increase the
expertise of educators in the [ield of computer programing
and wili generate more high quality course material.

¢) The primary goal of CAI is not to replsce a
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Ciassrdomvteacher but to provide him with anotherAtéol,
whibh if used to advantage, will allow greater individuali-
zation of instruction. |

a) Research done by various educators seems to>indicate
very [avourable response of students towards CAI (Hill, 1976;
Hooper and Toye, 1975; Mitzel, 1968);_ In a project carried
out by 5. Hunka at the University of Alberta Edmonton
(1974) it was found that out of 268 elementary students,
261 of them liked working on a computer tefminal; The
teachers involved noticed better gttitude toward mathema-
‘tics, especially in poor students. There seemed to be
greater motivation. Out'of‘125 parents, 116 féit it was
a valuable experience. The most startling results were
obtained by Hess and Tenezakis (1971) in théir experiment
designed to explore student attitudes toward CAI and to
compare them with attitudes toward other sources of
information and instruction. The two year project involv-
ed 189 grade 7-9 students of predominaﬁtly Mexican—
American.WOrking class background. The results indicate
more favourable image of the computer than thé teacher,
The computer has outscored the teacher ih all respects
even in such "human" characteristics as "softness" and
"warmth'". Figure 5 provides the graphical summary of the

findings.

Results of Empirical Studies
To do justice to a2ll researchers involved in the

field of CAI would be a task worthy of doctoral dissertation5
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"Figure 5
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However, the purpose of'tﬁis review is to provide the
reader with information on various aspects of computerized
education. . IHence, the author decided to present in this
section some representative studies, including those in
which the CAI was found ineffectual.

Almost all studies ovaAI drill and practice have
shown it to be effective when compared with traditional
Classroem instruction.

Suppes and lorningstar (1972) report the recults of a
study in which Stanford Drill snd Practice system was used
to supplement instruction in arithmetic in California and
Mississippi. Fifteen hundred students in Grades. 1-6
participated in this study. The results of this program
have been almost spectacular. In WMississippi, Grade one
students gained 1.14 grade levels in just three months of
work as compared with .26 grade levels [for the control
group. Grade three students in California and Misslissippil
gained, respectively 2.28 and 2.03 grade levels in
computational ability.

In e study in Watefford, Michigan 1t was found
(Arnold, 19790; Scrivens, 1970) that students whose normal
.classroom instruction in arithmetic was supplemented by
CAI Drill and Practice, gained significantly in aohievement,
more than students who received normal classroom instruction
only. The difference in gains between the CAI and non-CAIL
students were .3 grade levels fop grade two, .5 lor grade

three, .4 [or grade four, and .5 for grades five and six.
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In a project run in the summer‘of.l969 in Kansas City,
Missouri, a group ol 500 grade eight students was assigned
to two modules of CAI pér»week. The objective of this
study was to evaluste the effectiveness of remediasl math
drills. vThe_fesults, reported by Taylor (1972) indicate
that they were effectively increasing basic skills.

The samé researcher reports the results of another
study. This one was conducted in Wakulla County, Florida.
The study, conducted in a poor district, involved a group
of elementary students who were 1.5 years below.standard'
grade level 1n mathematics and reading. The students
were assigned Lo three sessions each weelk, of 15—25
minutes, on the computer terminal. The study which ran
from 1968 to 1970 indicates improvement in performance
which was most significant in the 2nd and 3rd grade.

In a study Conducted in Montgomery County Elementary
"School, (Rockvillé, Maryland) 58 matched pairs of grade
six students worked on operations with Whole Numbérs,
Sign-on Eractions, and Percent. The experimental group
received their drill via computer terminal (3% hbur per
week ). This work was a part of regular élasstime, The
results indicated Significantly higher achievement f{or
the ekperimental group (Dunn; 1974).

Suppes and Ihrke (1969) report the results of a
projectlwhich involved a group of 32 brignht four graders.
The students received approximately 15—25 minutes of

computer assisted drill problems per day. The program was
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in the form of éoncept blocks each~containing exercises

at five levels of difficulty. The resulté of the pretest
determined the starting point of the computerized drill
for fhat day. The results have been very satisfactory.
lMost scores were above 80%‘correct. This group was 1.5
years above their grade level‘on'computation and 2.8 years
above on concepts. The comparison group was at the grade
level for comﬁutation'and 1.6 years above on concepts.

Brightman (1972) summarizes sixteen studies invwhich
the effectiveness of the CAI was being evaluated; in every
case, without exception, the CAI wds shown superior to the
traditional method.

There seems to be a direct relationship between fhe
number of.sessioﬁs on the terminal and tHe achievement of
a student. This is the conclusion from a study conducted
in 15 schools for the deaf in the District of Columbia
(Suppes, and others, 17 May 1973). The participants
in this study were 385 hearing-impaired students
enroclled in elementary and secondary schools (grades two
to six). The objective of this project was to determine
the effectiveness of a computer assisted elementary
mathematics program on the acquisition of computational
skills. The students were drilled in their areas of
‘deficiency. The Curriculum was composed of 14 sequential
mathematical strands., Fivé groups of 77 students each were
assigned to 10, 30, 70, 100, and 130 six to ten minute

sessions on the computer.
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The results indicated that the computer assisted
curricuium enabled the hearing-impaired students to
achie?e gains expected of normally hearing pupils and
that greater number. of sessions on Lhe computer were
benéficial to all students.

Atkinson and Suppes (1967) have [ound that in
reading, students of higher ability progressed more
rapidly than slower students mainly becsause the screening
.teSt, inherent in the program, zllowed tlhe studehps to
skip entire lessons.

Suppes and Morningstar (1972) [ound that CAI appears
to be most effecti?e with low ability pupils. ’This
conclusion was further corraborated by Martin (1973).

Hooper and Toye (1975) in their report on Computer
Assisted learning in the United Kingdom state,;,”some of
the lower performance groups made most striking gains and
they were wbrking moré Quickly, as well as more accurately".

Intefesting;y though confusing, results are reported
by researchers attempting to correlate students' sex with
their achievement. |

Martin (1973) in his summary of TIES Research Prbject,
reports an interesting obsefvation in CAI: boys gained
more than girls; under normal téaching, cgirls tend to do
better than boys: The results, howéver, are not conclusive
because Street (September, 1972) also studied the teaching

of arithmetic‘through‘CAI and found that girls gained more.
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In reading, Atkinson (April, 1968), and Fletcher and
Atkinson (December, 1972), found that boys and girls
achieved about the same. Uﬁder normal conditions girls
~usually achieve better.

Not all results of the studies conducted in CAL fevour
the computer groups. ‘ “ -

In a project conducted in the Montgomery County High
School (Dunn and others, 1974), 137 students enrolled in
Geometry classes were divided into two groups. The CAI
group consisted of 67 stﬁdents and the control group 70.
In evaluating the results, it wés found "that there was no
difference in achievement between the two groups. Howevér,
there was one’variable which was not controlled and that
was the class size. In experimental sample the students
were divided into two classes of 33 and 34 students,
whereas, the control group consisted of three classes of
23 students.

The same author reports the results of the algebra
study in which the objective was to test the difference
CAI may make between low and high achievers. One class
of each ability level was taught in>the traditional
manner while a second class of the same level used CAIL.
The samevteacher_was involved in all cases. The results
" indicate that there was no difference between the CAI and
the control groups.

Street (1972) reports the Findings of a large study

in Kentucky in which a group of 1600 students received CAIL
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drill and practice as a supplement to normal instruction
in arithmetic, This group was compared with 1000 pupils
who had their instruction.supplemented with programmed
instruction, films, filmstrips and other media; The srme
amount of money, per student, was spent for supplementary
materials as for CAI. At the end of the year, there was
almost no differenée in achievémént between the two groups.

In a Study mentioned earlier in this chagter (p.32-34),
Suppes and Morningstar (1972) report that in a prbject
comparing the effectiveness of CAI with regular cléssroom
teaching,'thé administrators of oﬁe of the non-CAI schools,
decided to give their students a‘better chance by providing
them with 25 minutes of extra classroom drill time per day.
.Thése students achieved better than the CAI students, which
seems to indicate that 25 minutes of classroom drill is
more effective than 5-8 minutes of computer assisted
program.

Crawford-(l970) studied the effectiveness of CAI as
a rémedial math technique for underachieving students.
Two groups of students received regular classrdom instruc-
tion but the experimental group also received CAT.
Although, a significant gain was shown, there was no
significant differénce between‘the post test scores of
the two groups. The major Weaknesses of the study
‘mentioned were: -

‘a) Insufficient staff preparation.

b) Absenteeism of students.



31

c) Frequent equipment breakdowns.

d) Short period (eight weeks) of evaluation.

Berthold (1974) compared the effectiveness of the
following methods:

a) Teacher alone.

b) Teacher-Computer.

c) Computer alone.

The sample consisted of eleven minimally brain damaged
children. Dach method was used fbr a period‘ofbhwo weeks.
llost significant gains were recorded after the instruction
by teacher alone and teacher-computer combination. Both
methods were judged to be superior (p<(.0%) to the computer
alone. The reasons for the inferiority of the computer
alone were:

1) The teacher was more flexible in his modes of
instruction than teletype.

2) The full adaptability of the program was not
utilized between sessions to meet the needs of the
students.
summary

From the review of literature, 1t is apparent tha?
CAI is a credible means of instruction.

The results of the studies indicate the eflectiveness
of this method and the benefits inherent in it seem to
outweligh the drawbacks. |

The fear, expressed by some educators,'of the

dehumanizing nature of CAI, appears to be ameliorated



by the results of the resesarch in that area.
Improvements in electronics and computer technolog
keep lowering the costs of computer systems. This makes

CAT more economical and more acceptable to the taxpayer.
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CHAPTER III

INVESTIGATION

The Problem

This study tried to answer the [ollowing questions:

1) Are computerized Drill and Practice programs as
effective as worksheets?

2) Can we in Manitoba, with our present resources
duplicate some of the positive_results obtained in Computer
Assisted Instruction in the United States? |

3) Is it possible to conduct meaningful CAIL at a
ratio of ten students to one computer terminal?

'4) Does the mode of drill exercises have anj'bearing

on the learning and retention of the taught material?

The Sample

| The subjects invoived in this study were grade seven
students attending the West 5t. Paul School in Seven QOaks
School Division #10 in Winnipeg. All the subjects, on the
basis of their past perflformance and the scores obtained
on & series of tests given in September 1375, were
placed in the lnwesL gquartile of the total population
bof 5b£dé seveﬂ students 1n the school. The sges of
students ranged from 12 to 14 years.

Twenty-four students were divided into two matched

groups in the [ollowling ménner. First, all the Studénts
were given three sections of the Brueckner Disgnostic

Test and an especially prepared test on Multiplication
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of Deoimals. The three sections dealt with the following
topics: |

a) Multiplication of Integers,

b) Division of Integers,

¢) Division of Decimals.
-The test on Multiplicatidn>of'Decimals was prepared by the
author especially for this study. On the basis of the
total score obtained on the above mentioned tésts, the
students were arranged in order of decreasing achievement.
The first student in the column was randomly assigned to
one of the two groups, the second student Was then
placed in the other group, The third student was again
randomlyvassigned to one of the groups and the fourth
was placed in the other group. This procedure was
followed down the list. In this manner two Broups of
twelve students each were obtained. However, during the
project, two subjects from the "Computer" group moved out
of the district leaving  that group with only ten members.

The results of this first series of tests were used
~as a pretest . The mean score was calculated for group
and a t-test was performed to insure that the means from
the total pretest scores of the two groups were not
significantly different (p=<C.05).

Statistical Hypotheses

If two groups of grade seven students, matched
accordingly to their mathematical ability, receive regular

classroom instruction in:
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a) Iultiplication of‘Integers

b) Multiplication of Decimals

¢) Division of Integers

d) Division of Decimals
and if this instruction is supplemented by ten minutes/per
day of appropriate drill exercises which members of one
group (Computer) would receive inia form‘of computerized
drill and practice programs while the members of the other
group (Worksheet) via worksheets then:

1) There will be no significant difference in
achievement between the two groups in multiplication of
integers. ’

2) There will be no significant difference in
achievement between the two groups in multiplicaetion
0of decimals. |

3) There will be no significant difference in -
achievement between the two groups in division of integers.

4) There will be no significant difference in
achievement between the two groups in division of decimals.

5) There will be no significant difference in
achievement between the two groups on total scores.

Limitations

A number of limiting factors will be discussed and the
significance of each limitation should be considered when
“the resulls are evaluated. These faclors may be divided

into two classes.
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1) Sample limitations
2) Physical limitations

somple Limitations

The small size of the population tested makes Lt
unlikely bthat bthe conclusions would be applicable to
general population.,

Fhysical Limitations

There are a number of factors which could be placed
in this category: |

a) Computer termiﬁal being located in the physical
education office.

b) Only one computer terminal for ten subgects.

¢) Only one teacher to supervise the project on top
of his,regular duties. |

d) Only one month's time to conduct the study

At the very onset of the study 1t was discovered that,
the only place where the computer terminal worked without
“any flaw was the physical education office located in
the gymnasium. Since the gymnasium was occupied at
all fimes, even closing of the office doors could not
elliminate the distraction caused by the noise ol physical
activity in the hall.

The fact ‘that there was only one terminal availablé,
for this project, made it necessory to schedule the stﬁdenﬁs
'throughoUt the day (Table 2). That meant pulling students
out of their regular classes. The teachers affected were

very co-operative, however, the students frequently arrived
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late or forgot to come altogether.

The problem of students coming late or not coming
at all for their appointed time, could have been solved
if there was a full time supervisor, lHowever, the author
wag the only person overlooking this project andithat was
done on top of his regular duties. " The remote location
of the terminal made it impossible to check quickly
whether everything was procéeding according to schedule.

The author feels that the results of this study
would have been more reliable il the study Could'have been
.conducted over a longer period of time. Iore time, would
have allowed befter'familiarization of students with the
log—in and log-ofl procedures as well as eliminating the

novelty of the experience.

vInstructional.Progfams
~The two computer drill and practice programs used in
this study were written by the author. Program MULTJB
was prepared especially for this project. The two programs
are very similar in nature although they deal with
opposite operafions,
MULTJIB
This is a drill program providing exercises in
multiplication. It}is sell~governing. The program
ailows the student to choose:
1) the number of problems to do from 1 to 20
2) how many digits in each number

3) integers or decimals
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4) if decimals, how many decimal places each. of the
numbers shoﬁld contain.
All numbers are randomly generated. I a student makes a
mistake he or she will receive a briel instruction on the
operation in gquestion and the same pfoblem will be repeated.
After a second mistake on the same problem the correct
answer will be provided, the student will be credited with
an error and a new gquestion will be typed. In a case
where a student makes three errors in a row he will be
either sent to consult his teacher or will be given
problems at a lower level of difficulty. That is, 1f the
unsuccessfully attempted problems had two or more digits
in their multiplier the next set ol problems will contain
multipliers with one less digit. In a case where the
vmultiplier has only one digit the student will be reflerred
to the subject teacher for'further insfruction,‘ If o
student answers correctly three consecutive guestions, he
or she will be sllowed to either proceed with problems
at the same level of difficulty or try some more
ohailenging problems, in which case the student will agsain
have to determine the characteristics of each number. At
the end of the session, the students are informed about
their performance: How many questlions were attempled,
how many were answered correctly, and what was the student's
percentage score. An importent feature of this progran

is the fact that il the multiplier consists of more than
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one digit then each part »f the answer 1s judged

individually, allowing the student to pinpoint where the

mistake was made. For example:

326
x 12

652 first check
326 second check
3912 final check

DIVIDE
This 1s a self—goverhing program providing exercises
in division. Like MULTJB, it allows the student\to choose:
1) the number of problems to do from 1 to 15
2) how many digits in each number
3) how many decimals in each number
4) how many decimals in the answer
Unfortunately, however, the author could [ind no way to
make the program check the intermediate steps, so the |
student's response was judged by the [inal answer;
Example: 6) T
| =2
With respect to the treatment of students who need
extra help or find the chosen exercises too easy, this
program is quite similar to MULTJB. The only difference
lies in the fact that whereas IMULTJB at [irst decreases
the number of digits in ﬁhe'multiplier and refers the
student to consult hisbteacher only when the multiplier
 contains a single digit; DIVIDE does it as soon as the

student makes three mistakes in a row. Another difference
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ma.y be found in the treatment of wrong answers. In
MULTJB a student receives brief instruction and then has
a chance to answer the same question. In DIVIDE there 1s
no instruction, the correct answer is given znd the

next question will be completely different from the one
which was answered incorrectly.

Worksheets

Four sets of worksheets were used to provide the
drill exercises for the second experimental group. Each
set dealt with one specific operation. The guestions
were of various degrees of difficulty and were arranged
in sequentialvorder, Each worksheet had more éuestions
than could be answered in 10 minute period of time. This
was done to pfeveht better students from [{inishing early
and then sitting idly for the remaining time. Bach day
a different worksheet from an appropriate set was used to
eliminate the possibility of mémorization of exercises.

Examples of the computer pfograms and some of the
worksheets may be found in Appendices B and C respectively.

Ieasuring Instrument

The test that was chosen to assess the subjects’

achievement was the Brueckner Diagnogstic Teat. This test
was employed because 1t was the onlyvonw, to the author's
knowledge, whnich has entire scctions dealing with one
specilic operntion. waever, Lhere was no seclbion desling

with IMaltiplication of Decimals, Ltherelore, the sauthor
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developed that test. The author could not find any
information about the validity or reliability ofl thé

test. tilowever, Spitzer (Buros' The Fourth lental

 Measurement Yearbook, #410) in his review of 3Brueckner

Diagnostic Test states "...good test for ability to

~work with fundamental processes and accuracy of
computation'". Since the purpose of this study was to
compare the achievement of the two groups of students,
with respect of the above mentioned factors, ana the

same test was used by both groupé Lor pretest , posttest ,
and retentiongztest, the author decided to use it.

All tests may be found in Appendix A. l
‘Appéraygg

The computer used in this study is owned‘byvthe
Province of Manitoba at Cybershare Limited. It iz a CLC
6500 model. ~One Portacom interactive terminal wos made
available by the Computer Services Branch of the
Department of Education.

The terminal was placed in the Physical Education
office loéated in the gymnasium hall in West S5St. Paul
School. JBince in that school the gymnasium 1s located at
one end ol the buildihg while the suthor's classroom is
situated at the opposite end, this arrangement made close
and continuous supervision of stﬁdents working on the
terminal impossible. This unfavourable location had to
be accepted simply because, thaf wags the only place, in

the entire school, where the terminal worked without any
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trouble.

Cost

The total cost of this project was shared Jjointly by
ﬁhe Computer Services Branch ol the Department of Educatibn
and the West 35t. Paul Sbhool. The school paid for the
Central Processor's time which amounted to $65.51. The
Department of Education provided one Portacom terminal
and paid 211 other expenses. These expenses consisted
of ribbon and paper for the terminal, which was
approximately $5.00, and the connect time which costs
the Department of LEducation $1.00 per hour of use. Since
the terminal was used approximately 3 hours and 45 minutes
per day for 20 days, this cost amounted to $75. Total
cost of the entire project was $145.51. On the average
there were 15 students per day who used the terminal,
therefore, the cost per student per day amounted to
approximately $ .48, |

The author realizes that the cQst of similar
undertakings conducted without such extensive support
of the Department of Education would have to be higher..
The cost of the ¢onnect time would rise [from 3L to $4 per
hour (this price includes the disk space) and the cost
of renting the computer terminal Woﬁld be an additional
555 per month. This would make the cost per student
hour higher, énd only more eflficient use of the terminal

would lower it to a more acceptable level.
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Administration and Procedure

Pretest

Thg study commenced on October 1, 1975. . It continued
until the end of the month. The project was preceeded by a
battery of tests,'fouf in all, each dealing with a single
topic. The operations tested'weré:

a) Multiplication of Integers,

b) Multiplication of Decimals,

c) Division of Integers,

d) Division of Decimals.
In this thesis this first sét of results is referred to as
the pretest .

All students wrote the same test and at the same
time in one classroom. The raw scores of this énd
subsequent tests (posttest and retention-test) as well
as their means and Standard Deviations may be found in the
following chapter. i
Procedure

Following the first series of tests the students were
divided into two ability matched groups. The procedure
employed in this process was described earlier. The
two groﬁps, for the purpose of this study, were named the
"Computer” and the "Worksheet'".

All students received their instruction from the same
teacher at the same time. The daily period of 40 minutes
was divided into four parts as follows:

1) Correction of assignment,
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2) Intfoduotibn of new ‘topic,

3) Answering of guestions and assighing new homework,

4) Worksheet group Works on worksheets.

While the students in the Worksheet group were working on
their drill problems, the students in the Computer group
were allowed to work on other subjects not related to

the newly introduced topic.

Since there was only one computer terminal the
students in the Cbmputer group had to oe scheduled in a
special timetable. Each student was assigned to a dally
slot of time 15 minutes in duration. The author has
estimated that out of these 15 minutes, five minutes were
spent bn logging—in and logging-out procedure as well as
waiting for the computer's responses.

The author was pleased with the co-operation of other
teachers in the scthl. They allowed the student
scheduled for that particular time to leave their
regular class and go to work on the computer terminal.
Without such helpfql attitudes this whole project would

have been impossible.
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Table 2

Daily Timé Schedule

AM PM
Subject Time Subject “Time

1 8:40-8:55 6 ‘ 1:00-1:15

2 9:00-9:15 - 7 1:20-1:35

3 9:20-9: 35 -8 1:40-1:55

4 9:40-9:55 9 2:00-2:15

5 10:00-10:15 10 2:20-2:35

To minimize any Hawthorne Effect, the students in
the Worksheet group were allowed to use the terminal any
time when 1t was not scheduled, however, they were not
pérmitted to work on any math programs. Many students
took advantage of thiskarrangement and tried the various
programs avallable in the computer memory.

Posttest.

Immediately after the completion of each topic all
students were given the same test as in the pre test.
Since the students were not informed about their results
in the previous test, and both groups of students received
the same tests at the same time, the author feels that
any "Test Learning" that would take place would be ’
equivalent for both groups. This second set of results;
in this study, is referred to as the "Posttest.

Retention-test

Approximately two months after the'completion of this

study, after the '"Christmas Break", all students wrote
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the same Brueckner Diagnostic Test and the test devised
by the author for the third and final time. This final
set of scores 1is referred to as the "Retention=test'".

" Statistical Procedure

A simple correlation program was employed to see how
the four parts (Multiplication of Inﬁegers,.Multiplication
of Decimals, DiVision of Integers, and Division of
Decimals) correlated with one another.

A 2X3 Analysis of Variance [or Repeated Mensures
Design wags used having'one belween-subjects factor,
three Within~subjects factors and an interaction factor;
The between-subjects. (Variasble A) lactor had two levels
corresponding to the two groups (Computer‘and Worksheet ).
The within-subject lactors (Variable B) represented the
pre, post, and retentioﬂ-tests meaéuring academic
achievement ovef time.,

This analysis was used for each of the following:

a) Multiplication of Integers,

Nes

Multiplication of Decimals,

d) Division of Integers,

e

)
)
c) IMultiplication (Integers and Decimals),
)
) Division of Decimals,

)

f) Division (Integers and Decimals),

e

z) Total (Multiplication and Division).
The results of this analysls may be found in the

following chapter.
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CHAPTER IV

RESULTS

In this chapter the author will present fhe results
of this study.

The original intent of this study was to compafe
the Computer and Worksheets groups on their total scores,
however, once thebdata was available, the author felt it
may be interesting to see how the two groups compared
on individual operations. Since the correlation matrices
(tables 3 and 4) indicated that there was no signiflicant
correlation between the pretests on various operations,
the author felt satisfied that the analysis of individual
operations will not lead to the duplication of results.

The raw data tables may be found in Appendix D.

The tables also indicate the mean values and standard
deviatioﬁso

Figure 6 gives the graphical representation of the
relationship between the means on pretest, posttest,
and retention-test in each of the studied operations
for the Computer and the Worksheéts groups.

Another examination of.the correlatién coefficients
produces rather sﬁrprising results. One would expect
that since multiplication of'ihtegers is closely related
to the multiplication of decimals and the division of
integeré to division of decimals, there would be
significant correlation between the posttests and the

retention-tests for both pairs of operations.
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This is true in case of the Computer group where the
correlation Coefficients of .81 between posttests in .
multiplication and .75bin division reinforce this
expectétion. However, corresponding coefficients
obtained by the Worksheet group are .35 and .61
‘respeofiveiy. The difference is even more startling
in the case of retention-tests. For the Computer group
the correlation coefficients betweén the two retention-
tests are .93 for multiplication and .64 in division.
In case of the Worksheet group they are .18 and .64.
The possible explanation of these results is gi&en
in Chapter V. |

Analysis of Variance

The‘analysis of variance summary tables, for all
Ooperations tested, are located on the following pages.

The critical value needed, to indicate a
significant difference between the means, at the .05
level is 4.35 and at .01 level it is 8.00 (df=1,20).

The results indicate that there was no significant
difference between the means obtained by the Computer
and the Worksheet groups in any of the operations, thus,
none of the five null hypotheses were rejected.

Both groups have shown a significant difference
in achievement over time in all operations.

The table represenﬁing the Division of Decimals
indicated a significant (at the ;Ol level) interaction

between the two groups.
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Table 5

Analysis of Variance Summary Table [or Repeated Measures

Design

Multiplication of Integers

Source of I . l R
Variation | DF 59 IS I Ratio
B
A (Treatment) 1 12,272§ J12.27 4 0.105
Subj. w. groups 20 2341.64 ; 117.08 |
B(Increase over t.Q 2 ; 429.69 % 214.84 ? 9. 24%%
AR 2 T.T1 386 9.166
BX subj. w. groups ; 40 § 929. 32 j 23.23 E
Totals | 65 ; 3725;81

(1,20) * p<.05 F=4.35
% p .01 PF=8.,0

(2,40) * p&.05 - F=3.23
*¥% p<l,01  F=5.18
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Table 6

Analysis of Variance Summary Table lor Repeated Measures

Design

IMultiplication of Decimals

Source of g _ f P
Variation . Dr 55 MS | Ratio
- -
A (Treatment) g 1 8.91 8.91  0.455
2 ! 1
Subj. w. groups : 20 L 391.31 19.57 !
s 5 ? |
B (Math scores) g 2 957.56 § 478.78 ? 60 . 809* A
AB g 2 2.86 | 1.43 . 0.181
BX subj. w. groups | 49 P314.94 7.87 |

Totals 65 1679.25

(1,20) = p< .05 "= 4.35
%% p <l 01 F= 8.0
(2,40) *. p<.05 F= 3.23
*x psZ.01  F= 5.18
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Table 7

Analysis of Variance Summary Table for Repeated lMeasures

Design

Division of Integers

Source of : | ' ‘ % P
Variation DF 58 5 IS ; Ratio
A (Treatment) 1 | 8.61 8.61 f D.144
Subj. w. groups .20 1196. 31 % 59.82 3
B (Math scores) 2 | 349.38 174.69 13.604%*
AB 2 2.94 1.47  0.114
BX subj. w. groups | 40 1 513.63 | 12.84
“Totals ‘ 65 | 2074.81 é

(1,20) * p<.05 = 4.35
**  pZ.01 F= 8.0
(2,40) * p<.05 F= 3.23

**¥  p< 01 P= 5.18

1



55

Table O

"Analysis of Variance Summary Table for Repeated Measures

Design

Division of Decimals

z 1 f !
Source of ; | F
Variation DF | 35 ; NS Ratio
i { :
. wwwmﬁmsuwu_nmw_wqu_mq””w2 ]
A (Treatment) 1 1 158.14 158.14 ., 3.596
; i
Subj. w. groups 20 | 879.56 o 43.98
B (Math scores) | 2 2359.29 [1179.64 | G4.406%x|
AB 2 i 197.43 . 98.71 g 5.3931%
' |
BX subj. w. groups 40 - T732.63 0 18.32
, , |
Totals ; 65 4214.94 }

(1,20) *  p<£.05 F= 4.35

*%  p<,01 F= 8,0
(2,40) *  p £.05 = 3.23

*¥*  p .01 F= 5.18

Box" Conservative Tegt

(1,39) +  p«L.05 F= 4.09
++ p<L.01 F= 7.33
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Table 9.

—_— —

Analysis of Variance Summary Table for Repeated leasures

Design

Total ( Multiplication and Division )

source of - b ‘ : ; 1 IF
Variation o DF_ | 55 j IS Ratio
A (Treatment) 1 i 541.03 ; 541.03 © 0.896
Subj. w. groups 20 §12451.62 g 622.58 .
B (Math scores) 2 %14098,55 ' 7049.23 g77.622**
AB 2 | 163.32 | 81.66 - 0.899
BX subj. w. groupé 40 ; 3632.63 90.82
Totals 65 130661.91

(1,20) * p<L.05 Ff= 4.35
¥ pL .01 F= 8.0
(2,40) *  p<L.05 P= 3.23

% p<,01 P= 5,18



That interaction is graphically shown‘by figu;e 6d.
The graphs showing the progress of individual students
in this operation may be found in Appendix E. Box
(1953) has indicated that "the heterogeneity of both
ﬁhe variances and co-variances in a design having
correlated observations will generally result in a
positive bias in the usual F test",.that 1s, the I
value determined from the F table will tend to be
somewhat higher than the exact value (Winer, 1962, p.123).
To minimize the effect of such bias, the author
administered the Box' Conservative Test and found that
the interaction was now significant only at them.OS level.

In order to determine the cauée of this interaction,
the test for simple main effects was used. In this
analysis the author tried to find answers to the
following questions: a) Is there a significant
difference between the groups at: 1) the pretest level

2) the posttest level

3) the retention-test

level
b) In the Computer group is there a significant
difference betwéeﬁ: 4) Pretest and Posttest
5) Posttest and Retention-test
c¢) In the Worksheet group 1s there a significant
difference between: 6) Pretest and Posttest
| 7) Posttest and Refention—test

The results of this analysis are shown in Table 8.
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TableAul

Analysis ol Variance Table jor Simple Main Elffecls

F
source DF 03 S dntio
Between Groups
1. Pretest I 14.85 14.35 .89
2. Post test 1 125.60 105,69 0 3.09
3. Retention test. 1 235.20 235.20 13.38%x%
Within Groups
Computer
4, Pre & Post test 1 1411.20 '1411.20 “H1L 2T Rx
5. Post &ilet. test 1 11.29 -11.25 48
Worksheet
6. Pre & Post test 1 693.38 693.38 35.13%x
7. Post Sret. test 1 80.66 80.66 2.9
8. Intersction 2 197.43 98.71 5. 39%x%

In #1,2, and 3 dl=1,20 *p <.05 [ critical= 4.35
*¥¥p L 001 I oeritical= 38.10

in #/4 2nd 5 df=1,18 *p<L .05 [ critical= 4.41
' *¥xpL .01 oeritical= 5.28

In /6 and 7 ar=1,22 *p .05 [ critical= 4.3D
*¥n .01 P oeriticel= 7.94

In # 8 df=2,40 *p<.0% [ critical= 3.23
. *¥xp < 01 F critical= 5.18
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Exemination of the data reveaisithati

a) there was no significant difference between the
two groups at the pretest and posttest levels, hbwever,
there was a significant difference in retention—teét
scores (.01 level). The possible explanation of this
result is given in the following chapter.

b) Although both groups have shown a significant
gain over time this increase is greater for the Computer
"ETOoUp.

c) Both groups have pbtained lower scores on
retention-tests, however, even though'the difference
between the post.and retention~tests is not stafistically.
significant for either of the two groups there is a
greater drop change in case of the Worksheet group.
sSummary

The results of this study indicate, that although
both groups have shown significant increase inbéchieve—
ment over time, there was no significant difference
between the means obtained by the Computer and the
Worksheet groups in‘any>of the operations tested.

Significant interaction between these two groups
occurred in division of decimals. To determine the
cause of this interaction, the test for simple main
effects was used (Table 10). The test revealed a
significant (.01 level) difference between the means

obtained by these two groups on the retention-test.
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CHAPTER V
DISCUSSION

Introduction

This study was conducted to answer two basic
questions: |

1) Are computerized drill and practice programs
as effective as worksheets?

2) Can we in Manitoba, duplicate some of the
stitive results obtained in Computer Assisted Instruction
elsewhere? |

Twenty—-two grade seven students were dividedgrandomly‘
into two groups. Both groups received regular classroom
instruction followed by 10 minutes of drill exercises in
an approprilate, for the group, mode.'

The author approached this experiment withva hypothesie
that there will be no significant difference in achieve-—
ment between these two groups on ahy of the operations
tested.

Discussion

The statistical analysis of the data obtained in
this study supported acceptance of all null.hypotheses,
There was no significant difference, in achievement,
between the Computer and the Worksheet groups, in any
.of the operations tested or in the overall performance.
However, looking at these resulte from another point
of view, the results have demonstrated, that even with

our present resources, the computer directed drill and
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practice programs are as effective as worksheets.,

As one might have expected, both groups have shown
very significant increase in achievement, in all
operatibns, over time (between the pretest and posttest).

It is interesting to note that graphs "a'" and "c"
in figure 6 indicate, that while in the Computer group
there was practically no difference between the means on
the posttest and retention-test, the corresponding means
Oobtained by the Worksheet group.showed mafked decrease.
In diyision of integers (graph 6c¢), both groups show
increase in competency between the post énd retention-
tests, however, in case of the computer group, %his
increase is more prominent.

Only one operation has shown a significant (.01 level)
interaction. This occurred in division of decimals. To
pinpoint the cause of this interaction, the author has
employed a test for simple main effects. The result of
this analysis indicates that this was due to the
significantly higher (.0l level) result, obtained by
the Cohputer group, on the retention-test. This result
1s in agreement with the previously stated observation
that the scores on the retention-tests are generally in
-favour of the Computer group. The author can see two
possible explanations of these results:

a) One reason may be the fact ﬂhat there.is a great
similarity inbappearance between tests(and worksheets.

Students working on worksheets were doing this paper
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and pencil work 28 times prior to the retention-test
as compared with only eight times for the members of the
Computer group (pretest and posttest). This repetition
vmay have caused boredom and a lax attitude on the part
of the Worksheet group.
b) The second reason could be higher motivational value
of computer assisted drill exercises. . The author tried
to avoid the Hawthorne effect by allowing the members of
the Worksheet group to use the terminal whenever it was
not in use. However, the novelty of fhe experience could
have moti&ated the students in the computer group to
greater effort, which was reflected in higher fétention
of the learned material.

Conclusion

The results of this study have shown educational
relevance and support for the use of CAI as a possible
means for providing reinforcement drill and practice
exercises. Some of the findings suggested by the results
are: a) Computer Directed programs written by teachers
and university students are effective enough to produce
positive results.

b) Teachers are willing to co-operate when it comes to
allowing students to leave their class to take part in
such projects. | |

¢) With very short ihstructions, students are capable of

performing their own logging-in and logging-off procedures.
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d) Although CAI is not the cheapest way of providing
reinforcement exercises there are certain beneficial
factors which may Justify this expense. These. are:

1) -Students working at their own pace,

2) The>level of difficulty of provided exercise
préblems is suitable for each student,

3) Immediate feedback on performance,

4) Remedial instructioﬁ provided when and where
needed. |

Recommendations

On the basis of his experiences derived from this
study, the author feels that théré are three iméortant
recommendations that should be considered by anyone |
trying to perform similar experiments. ~These are:

a) the siées of samples should be larger

b) the computer terminal should be located in a place
which does not provide any unnécessary,distractions
q)‘there should be a full-time supervisor (a teacher,
volunteér or a senior student) who overlooks such
projects. Implementation of these recommendations would
make the results more reliable.

Summary v |

Over all, the results of this study did not show
statisticél significahce.

Graphical representation of the relationship which
existed between the means, on the pretest, posttest,

and the retention-test, and the Computer and the Worksheet
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groups, indicates better, although not statistically
significant results, in favour of the computer group.

In view of'numerous physical limitations, faced
by the,Computer group, the fact that its' achievement
was at least as good as that of the Worksheet group,
raises hope for the future.

The small size,of the samples as well as other
physical limitations, make the results of this study
unreliable. |

The author feels that more efficient usé of the
terminal combined with the inherent positive characteristics
of CAI such as:

a) high motivational value of this mode of reinforce-
ment,

b) high degree of individualization of instruction,

) immediéte feedback on performance,

d) reinforcement provided when and where needed,
make this method of presenting drill exercises a
possible alternative to worksheets and a viable change
to the traditional methods of providing reinforcement

material.
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EPILOGUE '

New Developments and Their Implications

Until recently the two major obstacles which
prevented Widespread use of cohputers were:

a) high cost,

b) large size.

New de&elopments in microelectronics, reported in
the September (1977) issue of Scientific American such as:

1) Large Scale Integration

2) Photolitography

3) Batch Processing of Wefers

4) Dry Plasma Etching |

5) Refinement in Circuit Structure
removed these obstacles and placed the computer within
the reach of not only small businesses, but also private
individuals,

Tﬁis great step forward in computer technology is
reflected in the dramatic cost reduction. A computer
which 15 years ago, sold for 20 million dollars, can be
purchased now for $1000. By 1985, a.medium sized

computer will cost about $100 (Holton, Scientific

Americég, September, 1977, p.84). By 1980, everyone
wiil be able to own a personal computer with the
cepebility of present mini—computers‘and the size of
a large textbook.

A good example of this trend toward cheaper and

smaller data processors is the Apple II computer.
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‘It can be purchased fof $1298. It is brogrammable in
BASIC, has 8K byfe memory with the possibility of
adding more. It has a cassette interface, keyboard,
speakers and composite video output. |

John Burry in his article "Here Come the (Home)

Computers” (A Canadian Family llagazine, Volume 5,

Number 5, Fall 1977; p. 32) predicts that in fwo years
everyone will be able to purchase a mini~¢omputer"...at
your local department stofe for just a few hundred
dollars.". This computer will be able to control the
home physical environment (temperature and humidity),
store such information as mailing lists, financial
transactions, birthdays etc., provide entertainment

in form of music and/or games, and be used as a teaching '
tool. Burry feels, that the only reason why computer
‘manufacturers do not put them on a market at this

time 1s the general public's mistrust of computers.

To overcome this problem the producefs decided on a
gradual approach. First they want the consumer to get
use to the idea of playing with computers (this is where
all those video games come in).

In the near future, Commodore Business Machines, a
manufactuferxof hand-held calculators, intends to |
introduce a home/businéss computer called PET (Personal
Electronic Translator). This computer should retail
in Canada for about $700. It Wiil{consist of a keyboard -
input; video output, and a built-in cassette recorder

which will serve to store programs and data.



67

With 4000 bytes of memory built in for programming, it

can handle 12,000 bits of information. If necessary,

the user will be able to plug in optional 16,000 bit units.
As recently as tWo years ago a computer of equivalent
capability would have cost approximately $10,000 and
required a space of an average size bedroom. PET is a
little larger than a breadbox.-

These are only some examples of the general trend
toward cheaper and’more compact computers.

It is actually at present less costly and less
troublesome to own a minicomputer-than to rent the least
expensive 1nteractive computer terminal. This fact makes
1t possible for schools to acquire a minicomputer using |
the funds from their regular budgetary allotment.

Garden City Collegiate Institute in the Seven Oaks School
Division in Winnipeg purchased a PET computer as part of
their Audio-Visual equipment. If PET performs»up to the
éxpectations West St. Paul may be the next school in the
divislion to buy one. And then, it is possible that there
will be at least one minicomputer Ln every school.

When thié happens teachers will have a very powerful tool
to help them in their task to prepare their students for

the [uture life in a computerized societty.
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| xrprv g R T PR S
£ T ugh“"lﬁ)ugnme one et of examples w a dave perad

' ’:::Tb:’f:'.,;x ’ S oAl Grades,
e ! :
o e 8 32 20 51
\ 7 3 1 3
2 430 700 5ol Uiy
2 5 3 ‘.
3060 98 516 581
Al ‘ 9 5 6 $
I Suuntaie '.i"_—’_—‘ T e " ‘\'vl‘i[‘ “'
' 12 432 430 ' 6172
4 21 21 43 SO
‘ i
i 432 4002 ‘ 18 54
5. ; 805 69 63 75
i | — —_—
! !
| |
: 849 709 3008 6070
b 490 796 123 824
i
{
N . | e e
; ' SET HI «
$.02 $.06 §3.20 $16.40
7 4 9 5 80
$.05 $30.60 $46.€¢0 7865
g 14 - 265 46 23690
; — —— S —
| |
\ 7006 9070 8053 2597
: 1004 3069 4609 80600
90! —_— e
|
] In set III the emphasis wos ploced om correctnes
glf’TMv; ‘ ‘ Qf diglits. Students were told to disrog:rd Lhe
OCORY - decimal point. :

-~
<N
(3o o

|



2.3 3,62 1.002 : 25
.5 .01 2.2 .2

2,04 35.2 .09 2.025
.02 1.21 .03 2,22
.025 2.34 15.010 .0231

.01 ' .001 ,201 2.055

There was no test desling exclusively with multiolicutiom
of decimuls, thersfore, the zuthor wus forced t. duvigs
this test. '
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PIVISION PROCESS

How

o

"Fotai

Score

Seoce
faHenrs (n
P wenng

s in t

cotnpietay !

|
|
|
|
|
|

ENXANMILES

One Fizere Division
SEF |-

a b c d e
26 RIS 2Y8 0N DY hbhG TIROG

3)216 2¥816 1yi185 s$rons T 1)246

SET i —

B)youe 332514 RN I 4)u6 6)972
T)94 5)86T “3)ydse 1) ST 8)Y3720

SET T —

20)40 20)44 21)42 32)69 20)54

10)160 35)105 29)275 63) 128 tacoy

SET I — |

Y896 431)975H

300)600 100)840 320)6 10 212
BOO)4800 320)1600 582)1."77 364)Y22690 162)1234




7

i . ' ] DIVISION PROCESS

A. Dividing by whole numhers.

Can you work all these dicision examples?

[

1.4y 8aT Ry AT Booo8) tBAm

4, oy BT . 6. 4) T6 ' 6. Gy w2

7.0 4y 12T T ' 8 6) .04z 9. 24 L

10. 8) 4 11. &) ¢ 7 12, o5y 2

o0l
-3
2
e

13.  28) 64 ) 14, 83y 81 7 6. 25)

B. Dividing by decimals.

16. .3y 88 17. .3) 18.83 18, 4) 1.2

13, 3) 6 _ 20. -2y 10 21, ) 8

22, N 4 23 amn L2t AT & B B IH S

&N
~1
o
[
=

25, .11) 387 26, L12) 6

RRCRIENE 11 O3 S 29, 6.48) T2 : 20, 1) e

had

'
'
1
i
]
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HELO MY HAME 15 KRONOS #WHAT IS YGUR FIRST NAWE

AMAT 1S YOUR LAST NAKE CHUCK? CLARK
WHAT GRADE ARE YOU IN CHUCK ? 7
| AM VERY FLEASED YOU CAME CHUCKs

USE PAPER AND PENCIL TO CALCULATE THE ANSaAEd AND
TYPE IT IN ONE LIND AT A TIME WHEX 1 A3K YTU FOX

HOW MANY PRODLEMS WOULD YCU LIKE TC TRhY 7 ¢

WOULD you L1IKC fO WORK WITH CECIMALS? YL5 016 NC
HOW MANY DIGITS DO YCU WANT TO MULTIPLY
v 2

HOW MANY DIGITS DO YOU WANT TG MULTIPLY 2Y

N

f

-
1

CHUCHK

THE R

:IO

e

79



VERY WELL THUCK sHERE W7 Gy

aactaar PROILLCY ¢ 7 R R R K]
7%
2
X ___________
? €75

VEXY GCGOD  THE ANSWER . 1S K75

wavwtear PROYLEN & 2 IS YT EN

93

6
X-=ommoos

? 558

EXCELLENT THE ANSWER IS 558

saxeass PROIJILEM £ 3 I EEE R R R
4€
2
X ...........
? 92

EXCELLENT THD ANSWER IS 52
EXCELLENT CHUun YGU HAVE TRICD 3 PROJLEMS
OQUT CF THESE YOU ANSWERED 3 CORRECTLY

YOUR MARK 1S 128 PERCENT.

AEAARE R L AAN AN RO A A AN T L

IT 4AS & PLEASURE TQ #GEX WiTh YOU
T SECMS TO 2L THAT YOU H{NC# THIS OrDRATION VIRTY 4Ll

WOULD YCU LIKE TO TRY S80WE MBBELDAERIGEBTORAGBLINGS
YES OR NG 7 YES ' v

R RN RN
HEEERREEERE R A A I R Y

&ﬁt’#ﬁﬁ NEYT TRY S22 R 2R

PR I A A A A A A N R R
HE- IR SR R 2RI R A N HEE IR AR HER S d

HOW MAnY PROSLEMS WQULD YOU LIKE T0 TRY ? S

VERY UELL CHUCK »HEKE WE GOo

80



eonacsn PRCDLEM » 4 ottt

93
46

T 4218
SORRY CHUCKs THIS IS NOT CORRECT
CHECHK YCUR MULTIPLICATION AND TRY AGAtHe

T 4278
THE ANSWER SHOULD BE 558

wanansvse PROBLEM 2 5 [EEREE 2
55
64
X ___________
? 228
? 23¢@
? 552

NO CHUCKs THIS 1S NCT CORRECT.

CHECK YOUR ADDITION AND TRY AGAINe

? 33229
NC CHUCKs THIS IS NOT CORRECT.
THE ANSWER SHOULD BE 3t2¢@

erezans PROBLEM # € EREE RS 2]

OUT COF SIGHT THE ANSWER i 2624

81



POV PROBRLEM » 7 tﬁtik*;

75
81
x -----------
? 75
T 620
T 6075

QIGHT ON THE ANSYWER IS E¥T70
WELL- CHUCKe IT CCULD BE YETIZ R

YOU HAVE TTIED 7 CRORLEMS AND OUT 0F THESE
YOU 50T 5 CORRESTLY.

YOUR KARK IS 71-409

B R R o T P R A R e

YOU SHCULD DO “ORE WOSK ON SUCH FROBLEMS 50 COwME

10 SECE ME AGAIN.
G000 BYE ¢HUCK.

COME TO SEC YE AGAIN.
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HELO MY NAME 1S KRONOS sWHAT [5 YOUR FIRST

FHAT 1S YCUR LAST MAME RENNY? H
¥HAT GRADE ARE YOU IN BENNY 7 7

I AM Vert rLcumotu iu

USE PAPER AND PENCIL TO CALCULATE THE an
TYPE IT IN ONE LINC AT A TIME WHEN | K

a

“
LEN
-3

HOW MANY PROBLEMS wQOULD YOU LIKE TG TRY

P

N

-~
i

At

Y2

s
1)

NAME ? 2EyNY

ROENG Tl
J FOR T

WOULD YOU LIKE T0 WORK WITH DECIMALS? YES Ok NOOTONC

HOW MANY DIGITS D0 YOU WANT TO MULTIPLY
7?72 '

HOW MANY DIGITS DO YOU WANT TG MULTIALY 3

? 2 :

VERY WELL BENNY sHERE WE §

<
°

sakerar PROTY 5 EERRRAR
96
_ 14
X ......... - -
? 243

SORRY BENNYs THIS S NCT CORRECT
CHECK YCUR MULTIPLICATION AND TaY AGS INa

? 564
THE ANSYER SHGULD EE 384

83



anaaeret PROBLEM 2 2 resaoHR

65
44

? 69
SORRY BEMNYs THIS 1S ANCT CORRECT
CHECK YQUR ®mULTIPLICATION SND TRY AGAINe

? 62
THE ANSWER SHOULD BE 26¢

‘ ewwwase PROBLEM & 3 aARBARNR
69
94
) G R
? 24¢
7 S4¢
e .
78¢

NO BENNYs THIS 1S NOT CORRECTe

CHECK YCUR AQCDITICN AND TRY AGAIN.

?
NO BENNYy THISVXEBGDT ZCRRECT.
THE ANSWIR GHCOULD BE 564¢
“THIS 1S NOT 100 GO4!'+ANYe YOU HAVE MADE. THKEE

1N oA R
YOU HAVE T0 3E MORE CAREFULL IN YOUR WORKe

LETS TRY SOMETHING CASIER.

eseceave PROBLEM # 4 craRB AN

. 2. 487
NO SEMHYs THIS 15 NGT CORRECT.
THE ANSKER SHOULD BE 387

MISTAKES

84



THIS WAS NOT SO GCCD BENNYe

YOU MISSED THRCD SIMPLE QUESTICNS IN & ROY
YO SHOULD GC a%ND TALK ABOUT YQUR DIFFICULTIES wiTH
YOUR TEBACHERe.

GGOD BYE BENNY.

CCME 10 SEE ME AGAINe

85



BELO MY NAME 1S KRONOS sWHAT IS YCUR FIRST NAME ? KEVE#
WHAT Ié YOUR LAST NAME KEVEM? KIVASCHUK
WHAT GRADE 2&RE YOU IN KEVEM ? 7

I AM VERY PLEASED YQU CAME KEVEM.

USE PAPER a%D PENCIL TO CALCULATE THE ANGWER AND THENW
TYPE T IN ONE LINE AT & TIME WHEN | ASK YQU FOR ITe

HOW MANY PROZBLEMS WOULD YOU LIKE TQ TRY ? 6

mEOWITH DECIMALST YES OR MO ? NO

“WOULD YOU LM To o wg
T YOU WANT TO MULTIPLY

HO® MANY DIGITS DO
T2

HOW MANY DIGITS DO YOU WANT TO MULTIFLY BY

72

VERY WELL KEVIHM sHERE WE GQe

[ XN PROBLEM - BPrLERRY

86



VERY GGCOD THLC ANSWER IS 2484

ewewwse PROBLEM # 2 IR KX R

14
28
X ...........
? 28112
T 392

EXCELLENT THE ANSWER IS 392

agavane FROBLEM ¥ 3 IR EE-X R
317
26
) G DR
v 222
774
? 962

EXCCLLENT THE ANSYER IS 982 ,
EXCELLENT KEVEM YOU HAVE TRIED 3 PROSLENS
QUT OF THESE YOU ANSWERED 3 CORRECTLY

YOUR MARK [|S 1d¢¥  PERCENT.

LER-R-2-2-R RS- NN -0 -0 SRR R R

IT WAS A PLEASURE TC WORK WITH YOU

[T CEEMS TO ME THAT YOU KNOW THIS CFERATION VERY WELL.

WOULD YCU LIKE TO TRY MORE PROSLEXS? YES OR NOT

600D SYE KEVEMe

COME TO SEE. ME AGAIN.-
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{9/ Yosrpde tleopogoenio
PROGRAN HULTJB

HELO- MY NAHE 1S KRONOS oWHAT IS YOUR FIRST NAME 7 CHUCK

WHAT 1S YOUR LAST NAME CHUCK? CLARK
WHAT GRADE ARE YOU IN CHUCK ? 7
| AM VERY PLEASED YOU CAME CHUCKe

USE PAPER AND PENCIL TO CALCULATE THE ANSWER AND THEN
TYPE IT IN ONE LINE AT A TIME WHMEN I ASK YOU FOR 1T
HOY HANY PROBLSMS WOULD YOU LIKE T0 TRY ? 5

HOULD YOU LIKE 10 WORK WITH DECIHALS? YES OR NO 7?7 YES .
HOW MANY DIGITS DO YOU WANT 70 MULTIPLY
7?2 .

HOW MANY DECIHMAL PLACES DO YOU WANT IN THIS NUMBER 7 1
HOW MANY DIGITS DO YOU WANT TO MULTIPLY BY
T 1 : '

HOW MANY DECIMAL PLACES D6 YOU WANT IN THIS NUMBER 7?1

YERY WELL CHUCK s>HERE WE 60e

eneevee PROBLEM ¢ 1 LR E-XX-T-X3

8e6

VERY G000 THE ANSHER 1S 86

eveaeer PROBLEM # 2 cavaNNs

706
x-.;---;-fm-



? 456

EXCELLENT THE ANSHER IS 4056

egeraeae PROQLEM 4 3 [ TE-X-X-F- 7

§e7

o8
Hommunsmmem
7 4056

EXCELLENT THE ANSWER [S 4056
EXCELLENT CHUCK YOU HAVE TRIED 3 PROBLEMS
OUT OF THESE . YOU ANSWERED 3 CORRECTLY

YOUR MARK IS 124 PERCENTe

OCOHRkRRACRAGUAEERhROBRR S
IT WAS A PLEASURE TO WORK WITH YOU
IT SEEMS T0O ME THAT YOU KNOW THIS OPERAT!QN VERY HELL.

HOULD YOU LIKE TO TRY MORE PROBLEMS? YES QR NO? YES
WOULD YOU LIKE T0 TRY SOME MORE DIFFICULT PROBLEMS?
YES OR NO ? YES

BRITLLIIIIILLIILSERLLELILILLGEES
oowtaeds NIXT TRY eewncsaeson
88333 pRBBRBEL LS80 8 88883

HOYW MANY PROBLEMS WOULD YOU LIKE TO TRY ? 3

VERY WELL CHUCK »HERE WE §0e

89

eeacaee PROBLEM # 4 CRR KB AR

D e ke o e

OUT OF SIGHT THE ANSKER IS 24012



15/18/14e 1402564 10
PROGRAR OtVvIDE

THIS 1S A DRILL IN DIVISION FOR REMEDIATHONe
His THEREo WHAT IS YOUR FIRST WAHE? DONALD

WHAT IS YOUR LAST NAHEs DOMALD? YOUNG

HOH MANY PROBLEMS (FROM 1 70 15) WOUtD YOU LIKE T0O 00 7 §

00 YOU WANT TO WORK WITH DECIMALS ? YES

HOW MANY DECIMAL PLACES (FROM 8 T0 5) WILL YOU
HAVE N YOUR ANSWER 7 2

HOW MANY DHGHTS (FROM 1 T0 8) DO YOU WANT IN DIVIDEND 7 2

HOW MANY DECIMAL PLACES (FROM # F0 2 ) IN DIVIDEND 7 B

HOW MANY DIGITS {FROH 1 70 2 ) IN THE DIVISOR? 1

HOW MANY DECIMAL PLACES (FROM 2 TO 1} ) IN DIVISOR? @

e = o

"2 7 176¢e66

VERY 60009 DONALDe THAT 1S CORRECTe THE ANSWER IS

579

EXCELLENT> DONALDe THAT 1S ABSOLUTELY CORRECT.
"THE ANSHER IS 8 »

P )

o ) 59
a 7 59 ST

176667 o

90



EXCELLENTs DONALDe THAT IS ABSOLUTELY CORRECT.
THE ANSWER {5 59 o ' :

- g we

8 ) 56
527

EXCELLENT® DOYALDe THAF 1S ABSOLUTELY CORRECTe
THE ANSHWER IS 7 o

wop oo oo

7 ) 97
5 ? 13285
EXCELLENTs DONALDe THAT IS ABSOLUTELY CORRECTs
THE ANSHER IS 1308571 o
THE DRILL IS OVERs DONALDs
NUMBER OF PROBLEMS ATTEMPIEDS 5
HUMBER OF PROBLEMS CORRECT® 6

PERCENTAGE: 1¢8

BOULD YOU LIKE TO DO SOME MORE PROBLEMS 7 YES

HOW MANY PROBLEHS (FROM 1 TO 15) wOULD YOU LIKE Y0 DO ? 6§
DO YOU WANT- TO HORK ¥ITH DECIHMALS ? YES

HOW MaNY DECIMAL PLACES (FROH 8 10 %) MILL>YOU
HAVE- {R YOUR ANSWER 7 2

JOB ACTIiVE.

HOW MANY DIGITS (FROM 1 TO S) DO YOU WANT IN DIVIDEND 7 1

HOW MANY DECIMAL PLACES {FRO® & TO 1 ) IN DIVIDEND ? 1

HOoW MANY DIGITS (FROM 1 70 1 ) IN THE DIVISOR? 1

HOW MANY DECIMAL PLACES (FROM 8 T80 .1 ) IM¥ DIVISOR? 1

L i

o8 ) o7

a ? 1016



EXCELLENTs DONALDe THAT {5 ABSOLUfELY CORRECTe
THE ANSHER IS 101667 o

LR

ol . } o7
a ? el

SORRY> DONALDe THAT IS WRONGe THE ANSKER IS 1 o

0 g ) o9
T

VERY GOODs DONALDe THAT 1S CORRECTo THE ANSHWER IS 1 o

L

a4 ) o4
2 P o}

SORRY>» BONALDe THAT 1S WRONGe THE- ANSHER IS t s

THE DRILL 1S OVER» DONALDe
NUMBER OF PROBLEMS ATTEMPTED: 18
NUMBER GF PROBLEMS CORRECT: 8

PERCENTAGE: 8de

HOULD YOU LIKE T0 DO SOME MORE PROSBLEMS ? NO

600D-BYE» DONALDe HAVE A NICE DaYe

_92



75/187 18 130540230
PROGRAH DIVIDE

THIS 1S A DRILL IN OIVISION FOR REMEDIATIONe

Bts THEREe WHAT IS YOUR FIRST NAME? CHUCK

WHAT S YOUR LAST NAMEs» CHUCK ? CLARHK

HOW MANY PROBLEMS (FROM 1 TO 15) HOULD YOU LIKE TO DO 7 6

DO YOU WANT TO WORK WITH DECIMALS ? YES

HOW MANY DECIM L LACES (FROM @ 70 5) wWiLL YoU
HAVE IN YOUR ANSHWER 7 1

-OWMANY DIGITS (FROM 170 9) DO YOU WAKT IN DIVIDEND ? 33
CHOOSE HORE CAREFULLYe .
HOY HMANY DIGHTS (FROM ¥ TO 9) DO YOU WANT IN DIVIDEND 2?2 3

HOW MANY DECI#AL PLACES (FROX 8 T0 3 ) INDIVIODEND ? €

HOW MANY DIGITS {(FROM 1 TO 3 ) IN THE DIViSOR? 1

HOE HANY BECIMAL PLACES (FROM & T0 1 ) IN DIVISOR? @

- oD -

4 ) 271
2 7 6776

EXCELLENTe CHUCKe THAT IS ABSOLUTELY CORRECT»
THE ANSHER IS 67675 o

L

2 7 3737

EXCELLENTs CHUCKe THAT IS ABSOLUTELY CORRECTe
THE ANSHER 1S 370375 e

R L]



5 } 249
> ? 49083

EXCELLENTs CHUCKe THAT IS ABSOLUTELY CORRECT»
THE ANSWER 15 d49.8 o

.-

EXCELLENTs CHUCKe THAT 1§ ABSOLUTELY CORRECTe
THE ANSWER IS 9705 o

A n .-

= 7 16090

TREMENDOUS» CHUCKe THAT I8 RIGHTo THE ANSWER |

THE DRILL tS OYER» CHUCKe

KUMBER OF PROBLEMS ATTEMPTED: &
NUMBER OF PROBLEMS CORRECTS S
PERCENTAGE+ 189

HOULD YOU LIKE T0 DO SomE HMORE PROBLEMS ? NO

G00D-8YEs CHUCKe HAVE & NICE DAYe

~oy aA.oco0 eccne,

S

16

]

94



RUN

75718/17e 10586 170
PROGRAM DIvIDE

THIS IS A ORILL TN DIVISION FOR REMEOIATION.
Hio THEREe YHAT 1S YOUR FIRST NawE? KEVEN

BHAT 1S YOUR LAST NAME» KEVEN 7 KINASCHUK
" HOH MANY PROBLEMS (FROK 1 T0 15) WOULD YOU LIKE 10 DO 7 6
DO YOU WANT TO WORK WITH DECIMALS ? YES

HOW MANY DECIHAL FLACES (FROM 8 TO 5) HWILL YOU
HAVE IN YOUR ANSWER ? 2

HOW MANY DI6ITS (FROM 1 10 8) DO YOU WANT 1IN DIVIDEND 7 3
HOW MANY DECIMAL PLACES (FROM QVTO 3 ) IN DIVIDEND 7 1

HOW MANY DIG!TS (FROM 1 T0 3 ) IN THE DIVISOR? 1
HOW MANY DECIMAL PLACES (FROM £ 16 1 ) IN DIYISOR? &

o we "o

s 7 205
THAT 1S NOT CORRECTo THE ANSWER 1§ 2¢75

R

& ? 9402

EXCELLENT» KEVENe THAT |S ABSOLUTELY CORRECT»
THE- ANSHER 15 0402 o

- oo o

2 7 28015 T

SUPERBs KEVENe 28015 IS THE. CORRECT ANSHERe

95




= 7 3ed1

SUPERBs KEVENe 364111 IS THE GORRECT ANSHERe

5. . ) 68%e5
2 7 1308

YERY GO0D» KEVEN. THAT 1S CORRECT» THE ANSHER IS 139 &

= 7 9o11

THAT IS NOT CORRECTe THE ANSWER IS 909571 o
THE DRILL IS OVER» KEVENe

NUMBER Of PROBLEMS ATTEMPTED: €

NUMBER OF PROBLEMS CORRECT: 4

PERCENTAGE: 8846667

J0ULD YOU LIKE T0 DO SOME MORE PROBLEMS 7 NO
GOOD-BYEs KEVENe HAVE A NICE DAYe

96



APPENDIX C

Sample Worksheets

97



MULTIPLICATION #1

1 10
x 6 x3
5 68
X_é x_ 3
27 25
X 9 x 8
476 ' 329
X 2 X 7
4281 9536
X 21 X 46
1901398 7576031

X965 : x 596

98

Nome =
i 7
89 15
X 7 A 1—
2J9 1020
Xy X 1D
48) 6026
X 3 x G4
3221 §84.24
by 5 ' A (j’\,)‘_
6396125
X 25)



65

x23

o957
X 3.6+

34.57

X 2.56

.089

45.67

37

x 28

427

.35

2.075

X 3.91

MULTIPLICATION # 6

X

3.679

Name

2,59

: 64

< 54.3

99

Lo
PEERNS

T~




X

N L
—\Un

4.56

X

. 2.0

3.567

78.567 (

.45

X 3.564

MULTIPLICATION #9

A
(NOR\V)
~a

]\ﬂ'\]
=
=

89.64
x 21.5

8%99.3
X 4598

100

y39Y.2

3.7835
£ 35.75
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DIVISION f2 Name

57 1230 7)245 g) 2331
12) 2463 18) 198J ©37)5579
121) 12516 358) 453387 282) 7J533

100) 19 200) 605 12227 10
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DIVISION # 3 Name_ _
3 12.6 5y 12.45 9y I8TIST
11 156.4 76) .5934 } 25) 2100
1077 10071 T1000)TTT
12)725 . 1077736 19) 3567

100 25 120) 136 1207 35877,
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DIVISION # 4 Name
57735.55 77 39.49 ‘ 8) .50

12 789.64 93) 9.393 535 06,64

1317 356.73 256) 57.298 45577 3.00)
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DIVISION #5 . o Neme _
5Y 10 - , L3725 LAY 79
.97 87 .6 35.7 L2135
.35) 73 . .12) 56 ‘ .35) 76

3.57 7 1.27756 3.8Y 75



2.5 19

7) 5.6

DIVISION /¢

3.123) 5.678

3.6) 11.80

.9) 35.67

105

1.1) 1235

.189) 5 -
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APPENDIX D

taw HScore Data, Means and Standard Deviation
Tebles
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 APPENDIX E

Analysis of Variance Summary Tables for
RRepeated Measure Design
Multiplication ( Integers and Decimals)

Division ( Integers and Decimals)
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Tahle 14

Analysis of Variance Summary Table for Repeated Measures

Design

Multiplication (Integers and Decimals)

Source of B ' : dﬁA o
-Variation DF _ 55 M3 Ratio
A (Treatment) 1 21.31 21.31 . 0.218
Subj. w. groups 20 1957.56 | 97.88 |
B (Math scores) 5 | 6586.89 | 3317.38 164.389%x
AB 5 é 10.44 2.09 ; 0.103
BX subj. w. groups 100 5 2018.905 20.18
Totals 131 j 20600.88; f

(1,20) * p<.05 P= 4.35
% p /.01 F= 8,0

(5,100) * D .05

N
Fy
i
N
(9]
(@

*x pL.01 T= 3.20



Table 15
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Analysis of Variance oummary Table for Repeated lMeasures

Design

Division (Integers and Decimals)

Source of

Variation { - DR SO

A (Treatment.) ! 1 120.08 .
Subj. w. groups ; 20 1834.81
B (Math scores) 5 5 3027.97
AB % 5 247.03
BX subj. w. groupé 100 , 1486.19
Totals f 131 6596.13

i

(1,20) * p <.05 F= 4,35

**  pL,01 F= 8.0

(5,100) *  p.05 I= 2.30.

*¥% o Z,01 F= 3.20

Box's Conservative Test

(4,99) + p .05 F= 2.46
++ p<.01 TI= 3.5

91

605

120.

49.
14,

.74
.59
A1
86

I
tatio

- 1.309

A0, T48%%
3.324 +




APPENDIX = F

Listing of the WMULTJB Program
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550 IF Ku4=6 THEN 629

WALT TO MULTIPLY 3v©

("0C10C OIM ACI0)+NC10)RUL0D,L (1C)
0F11C LET C3(1)=3ZVERY (OO0 =
0120 LEY CH(2)==TRIMENNOUSSE
Gr13¢ LET CHR(3I=ZEXCELLINT = .
0n140 LET CH{4)=2Z0UT CF SIGHTZ

L 0715¢ LET C3(51=3PIGHT ONZ

(00160 LET CRE6)=ZWOWS=
JBC17C LET CH2)=ZEXCELLINTS
00180 LET K$=ZPRNQLEMSS
00190 LET TH3=ZTH-SES

1 00200 LET J=K1=K2=K3=Ky=1

(275 LET K4=120%02

0r 210 LET “=1
gr 226 LET C€=C1=C2=C3=¢(

00230 LET C5=Ch=C7=C8=0
0240 LET Cu=t
C(25C FPINTIHZLO MY NAMZ IS KPONGS WHAT IS YOUR FIPST Nadoz!

(00260 INPUT N3

(00270 FRINT
0C280 FRINT
07 29C FRINTIWHAT -IS YCUR LAST MAME NS
0€ 30C INPUT L%
0031C FRINTIWHAT GRADE ASE YNU IN =N3P3

L 00320 INFUT G

(07 330 PRINT
O 340 IF G>3 THIN 0037C
3T0 LET Ku=6
0r 360 FRINT
GC370 FQINTS I AM VEPY PLEASZD YQU CAME N3, S

L 00380 FPINT :

/00390 FOINT-USE FAPER ANOD PE'ICIL TO CALCULATE TH= ANSWI AND) TH=NZ
0CL00 PRINTSTYPE IT IN ONS LINE AT A TIMET WHEN I ASK YCU FO? IT.:
grL410 PRINT
0C420 FRINTZHOW MANY FFOBLEMS WOULD YQU LIKE TC TCY 3%
0430 INPUT ©

07440 IF  C=1i THEN Q2E4)

" 0- 450 IF GC<1 THEN 01350
OrL60 IF C>»19 THEN 01403
0rL70 PRINT
0ULBL LET C6=CE*C
00690 IF Cu=0 THAN 05629

L 07500 FRINTIHOW MANY CISITS 30 YOU WANT TO “ULTIOLYS

03510 INPUT X1
07526 LET P=0
00530 IF Ki»5 THIN 01450
gr54C FRINT

L 0r560 FRINTIHOW MANY CIGITS N0 YQU
(0°57C INPUT K2
00580 LET P=1
005390 FRINT
0560C IF K2>5 THEN 01453
00610 FRINT
L 07620 FRINT
F 03630 FRINT
07640 FRINTZIOK. =N®T YQU® WISH IS MY COMMAND,HZIPI WE GC*
07650 FRINT
06660 LET C2=0
0C67C FRINT:
L 0L 6B LET MI=INT(RND{~1)¥17%%Ki+,5)
“BC 690 IF Mi<iQ0** (Ki-1) THEN 7335680
00700 LET M2=INT(IND(-1)*10**¥K2&,5} :
00710 IF M2<10¥*(K2-1) THEN 2:7G72 cybershare itd. 550 berry street, winnipeg,
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0:7390
0740
0L 75¢
(07760

(715 - IF M2>Ku4 THEM 700
720 IF Ku<>H THEN 740

IF M2»>6 THIN 007(1
IF M2>M1 THEN 0C64)
LET C=M{*M2
LET A8(1)=M2

(0L770
0r 780
007990
0C 800
praig
L 0U82¢C

FOR J=1 70 K2

LET A(Je1)=INT(ACS)/7LC**(K2-J))

LET L(J)=A(Jt]1)

LET A(Je2)=A{J)=A(Je1) *10%*(K2~J}

LET A(JY=R2(J+1)
LET A(J+1)=0(J+2)

( 0CB30
00840
0C850
0r 860
geazo
00880

NEXT J

LET A(Je1)=A(D)

FOR J=1 70 K2

LET SCJ)=ML*L(K2-J+1)
NEXT J

LET C3=C3+1

EIEER
0L 9ge
gc910
06920
0t 930
A 00940

IF C3»C THZIN (2329
PRINT
FRINT
FRINTEZ
FRINT
PRINT

#EAz¥xExr PROBLEM &ZC3Z

FREXERRAT

(00950
o960
grare
00380
0L 990
L 01000

FRINT

FOR J=1 70
FRINTZ =2
NEXT J
FRINT M1

(20-K1)

(20-K2)

‘010160
01026
01030
01040
01G5¢C
01060

FOP_J=1 TC
FRINTZ 23
NEXT J
FOINT M2

FRINTZ . Kmmmmmmmm =

FOF I=1 TO K2
FOR J=1 Q0 (13~-K1-1)

(01070
01080
01090
01100
g111c
01120

FRINTZ Z°
NEXT J

INPUT A1

IF AL<>R(I) THEN 01510
IF K2=1 THIN 91213
NEXT I

( 01130PFINTZ=

P R R e e

01146 FOR J=1 7O (18-Ki-1)
0115C FRINTZ =3 '
01160 NEXT J
01170 INPUT A
(01180 IF A<>R THIN 0159
(0119C FRINT
01200 FRIANT :
01210 PRINTZ ZCH(M)Z THI ANSHER IS =R
01220 LET =M1 '
01230 IF M<?7 THEN 01300
( 0126C LET M=% :
(0125C LET C7=C7-1
01260 IF C7>2 THEN 01280
01270 LET C7=0 ~
0128C FRINT
01290 FRINT
(01300 LET C1=C1+1
91310 LET C8B=CE+1L ‘
01320 IF C1l=4 THEN 01760 :
0133C cybershare Itd. 550 berry street, winnipe¢ .

1IF C1<C THEN 00680
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(01340
01350
01 36¢
01370
01380
(01390

G0 TO 02320

FRINTZSOFEY IN$Z YDOU HAVE TO TRY SOME PROALEMSZ
FRINTZPLEASE TRY AGAINZ

FRINT

PRINT

GO0 19 00429

(01400
01410
01420
01436
01440
\ 01450

FRINTZWOW, THATS TOO MUCH SNBZ TRY A NUMPEZ BETWEIN 132
PRINTZAND 20= ¢

FRINT

FRINT

GO TO .ge23d

EOINTISGCDY o TPY SOMZT SMALLER NyMaecs

(01460
01470
01480
01490
01500
L 01510

:N"k:
IF P=] THEN 205(0%
PRINT
PRINT
GO TO 60560
IF C2=1 THEN (01572
PRINTZISQYRY IN3Z, THIS IS5 NAT CCRRICTS

01520
01530
01540
01550
01560
L 0157¢C

PRINTZORECK YOUE MULTIPLICATICN AND TRY AGAIN.Z
LET C2=C2+#1

PRINT

FRINT

GO TG 20931

POINTZNQ ZN3=, THZ ANSWZR IS Z2(I)

(01580
01596
01600
01610
g1e2c
(01630

GO TO 417030 :

FRINTZHNC =N?=, THIS IS NOT CORRECT.=

IF C7=1 THEN 01690

FRINT

FRINTZCHSCK YOUF ADDITION AND TRY. AGAIN, -
LET C2=02-1

01640
01650
01660
01670
01680
01696

LET C7=07#%1

IF C7>2 THEN 01633

FRINT

FRINT

Go To 071130

FRINTZTHT ANSWER SHOUL £z =2

2%

01708
01716

017 3¢
01740
01750

gi72¢0

LET CS=Ctc+1
IF C%<3 THEN 00€50
IF KL=3 THIN 02140
IF K2=1 THEN 021473
LET K2=XZ2-1
GO TO 522573

N/

01770
01780
01730
01800
01810

N

01766C.

FRINT=ZTHIS IS TE24INDCUS =ZNG®

PRINT )

FRINTZYOQU HAVE ANSWERSO COPRECTLY FQUR QUISTIOMS TN A 20W.:
FRINTZIIT SEIMS TO S THAT YOU KANOW THIS CPSRATION VEIRY WELL.T
PRINT

FRINT

0182¢C
1R3¢
01840
01850
01860

FRINTZWOULD YOU LIKE T3 TRY MCRE PROBLIMS> YES QO NO=©
INPUT A3

LET C3=0

LET C1=0

LZT G=10

(1P70 TIF AFR=ZNQOZ THEN 2210

01886
0189¢C
01900
p191cd
p192ce
(01930

LET =1 .

IF AF=ZYESZ THEN 01913

GO TO €1960

FRINTZWOULD YOU LIKE TQO TRY SCME MQORE OIFFICULT £-03LTMS2Z
PPINTZYES OR NO:=?©

INPUT 23

“P1940

01950

013960

IF Af==YESZ THEN 72027
IF AF=INOZ THEN u2050 ; - .
FRINTZSORRY ZN§= I CAN.onLY mybershare:itd. 550 beyy stipetawinnipeg,
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(01970 PRINTZANSWER. PLEASE T3¥ AGAING
01980 PRINT
01990 PRINT
62000 IF Q=1 THEN 01820
02016 GO 10 71919
L 02020 LET KZ2=K2+1

2730 LET Ku=10"CJ0
02040 LET Cu=1
02050 PRINT

2055 GC TO 297¢
.0206C LET Cu=g
(02070 FRINT

(02080 FQINTS :::x:xzxn:n::xx:x‘xxn:xx'xxzz
02090 FRINT= FrE¥®r NIXT  TRY *eErsvrayss -
02100 PRINTZ $118L 1YL LLEELIeISIIRLESILLELEL LT

02116 FRINT
02126 FRINT
L 0213C GO TO [ gu2d
(02140 FRINTZTHIS WAS NOT SO GOOO =NB=.=
02450 FRINT ‘
0216C PRINTZIYOU MISSEC THRES SIMPLE QUESTIONS IN A BQWS
02170° FRINTZYQU SHOULD 50 AND TALK ASQUT YOU2 CIFFICULTIZS WITHS -
0218C PRINTZIYQUR TEACKER. =
L 02190 PRINT
( 0720C FRINT
02210 FRINTZGOOD 8YZ ZNBZ,
02220 FRINT ‘
02230 PRINTSCOME TO SEE ME AGAIN.Z
02240 GO TC CP2ETQ
 0225C FRINTZTHIS IS NCT TOO 500D SNFZ, YOU HAVE YAQRE THISZ u

4
v
+4
>
e
Ve
“
i

( 0226C FRINT=IN A ROWZ=-

02270 FRINT _
02285 FRINTZYOU HAVE TO BF MIRE CAREFULL IN YQU® WQoRwW, =
02290 PRINT

02300 FRINTILETS TRY SOMSTHING FASIER.:

L 02340 G0 TQ 00€8)

(02320 LET F=CA/CH*10C

02330 IF P>70 THEN 02L&Q

02340 IF F<59 THEM 02560

02350 FRINTIWELL SNBSS, IT COULD 8T 2ETTER.Z

02360 FRINT

L, 02370 FRINT

((0738C FRINTZYOU HAVE TFIZD =°6% =K%
0233C FRINTZYOU GOT ZCRZ 0OIISCTLY
02400 PRINT

0241C FRINTZYQUP MARK IS I0Z PCECGENT,Z

- 02420 FQINTE+~&-+-+-+-+-+-+—&-+—+-+-+-+~+-+—+—4—e-4-+-§
02430 PRINT

= LMNOC OUT OF =T7%R

(02440 FRINTZYQU SHOULC 20 MO°C WOEK ON SUCH PROBLEMS AN COM=-=
02450 FRINTZTO SSE& ME AGAIN, =

02460 PRINT

02470 GO TQ 02219 i

02480 PRINTZIXCELLENT ZNGZ, YOU HAVE TRIZID AT ZKF

02430 FRINTZOUT OF =T$Z YQU ANSWSOFQ 043 CORRECTLYS

02500 FPINT
02510 FRINTZYQUF MARK IS ZPZ PESGENT.S

02520 pQINTE%‘%X-####{‘&#-\‘*&!A\‘##V_#%‘%’F#’}#E

02530 FRINT

0254C PRINTZIT WAS A PLZIASUPS TO WORK WITH YQuUS

02550 GO TO 01799

2560 PRINTZTHIS IS NGT SO GOOC =NB=.=

0257C FRINTZYOQOU HAVE TRISD ZC6ZT TKRZ ANC OUT OF =T&

02580 PRINTZYOU ONLY GOT =CBI cokrmyhershare Itd. 550 berry street, winnipeg, m
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02590 FRINT
02600 PRINTSYOUF MARK I3 TIPS PEPCENTZ
02610 PRINTZ -====v=m=mme—memceocnoo- z
02620 FPRINT
0263C GO TO 221793

L0264 LET KBE=IPPORLEMS

(02E50C LST TH==THISZ
02660 GO TO 00u7D
02670END

N\

4

N

>

N

/7

N

s

>

N

e

L

Ve

g N

>
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FICURE T .

" Computer group
1 - Pretest
1 2 - Post test
01 3 - Retention lLeul
18 1
16 1
14 1
12 1
19 1
3
6
-—_—
4 ]
2
2 3
1.
J
: 26 1
244 24J
22
23] 20 A
22
18 A
o 16
16 4 1]
e 12 1
) 10 4
121 5 ]
| 6
6~ e
4 4‘
2 > .
3 1 2 3
2 3 1 -
2. 3
J I
‘ 26 1
24
22 A
20 -
18 -
16 -
14 -
12 1
104
8 4
6.
4.
2-
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FIGURE 8
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1 Worksheet grou;i
.
24 204
22 4 22 4
20 4 20
18 4 18 1
16 4 16-
AN 4 4
4 / 12 ]
12 4 /
110‘ ~N 13-4
P ~ 8 J
3 - S
4 )
1A
Z 4 2
2 3
1
I
24 A 24 7
22 4 22 7
20D 1 23'
18 1 18 1
16 - 16 -
14- 14 4
12 4 12
10 4 - 10 4
8 1 -7 8
61 = °1
4 - 4 A
2 - 2]
2 3
3.
A }
- o
244 241
221 22"
227 201
18’1. AN 18‘
16+ // N 164
144 / ~ 147
124 \\ 12
‘IE)__ N 15
6. 6
4 4 I 4
2 d 2
3

[eaAS 1
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4
26 i
24 //'\\ 4
224 . N 22 4
201 20
184 181
16 1 . 16 1
144 141
12 124
12 10.)
8 . 8 T —
6 | 6 4
4 1 4-
2 4 24
2 3 3
7. R
| ]
o =
22 22 4
204 204
18- 181 B -
16 16 - //
14+ 14 1
124 o~ 12 4
194 = 107
3 4 & 4
6 - 6 A
4' 4.4
2~ 2-«
' : Aes -
2 3 = B
9, 10,
]
201 291
184 181 —
164 16 - - -
144 14 1 /
12-4 124 /
104 T~ 10
84 8
6o -~ 6
4 4
2 | : 2
. ' 1 .
2 23 oz 3
11, 12.



