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ABSTRACT ( \

Tne teaching - learning of mathematics in the primary
:n< secondary schools is often characterized by algorithmic
computations to the detriment of concept learning and
prolen-selving., Invariably pupils often become disinterested
in the tedious mathematical computational chores. This study
was therefore, set up to invaestigate the effects of the uss of
electronic calculaters on the outcomes of mathematics
instruction. The learning outcomes investigated were
achievement in matnematics and attitudes toward mathematics
and calculators.

A paradigm 5f 3 x 3 factorial design of three ability
levels: high, average and low by treatment groups : two
experimental grecups - unrestricted calculator and restricted
calculator groups, and a control group - the non-calculator
groups were used. There were two stages of the_study: Pilot
and Main. The pilot study was carried out in only one school
and lasted six weeks while the main study took place in three
comparable schools and had a duration also of ;ix weeks.

The schools were mixed in all cases. These schools were
selectad'by multi-stage random sampling from ninety-five
decondary schools in Ibadan municipality at the time.

For the main study, 126 subjects selected from

three schoals completed the study. The following null
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nypotheses wore tecterd at o = .N5. Thare will be na
significant difference in the achievement scores of
pupils who use (i) calculators in instryctian and
tests (the unrestricted qroups) (ii) calculators im tests only
(restricted groups) and (iii) no - calculators at all groups.
The null hypothesis one was rejected because there was
significant difference in the mean post-test scores of
those proups who used calculators in instruction and tests,
calculators on tests only groups, and non-calculators groups
(F (2,123) = 16.234, p < .021)  (2)There will be no significant
difference in thz achievement scores of pup il s
of low, average and hich mental abilities. The null hypothesis
two was rejected because there was significant difference in the
mean post .sccras of those groups of lrw, average
and hizh mental ability levels (F (2,123) = 14,776, p < .001)
(3) Therée will be no significant difference in the attitudes
towards mathematics and calculaters of pup i ls
who use calculators in instruction and tests, (ii) calculators

in tests only, and (iii) non-calculators at all. The null
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hypothesis three wae not rejected in entirety baecause there
was no significant difference in the post attitude scores

of the g7roups wio use calculators in instruction and tests,
calculators in tests only groups and non-calculator groups

(F(2,123) = 1.217, 2 > .05).

(4) There will be no significant difference in attitude
towards mathematics and calculators scores of those groups
of high, averaze and low mental abilities. The null hypo-
thesis four was not rejected entirely because thers was no
significant difference in the mean post-attitude scores of
those groups of high, average and low mental ability levels

(F(2,123) = 2.147, p > .05).

(5) There will be no significant relationship between the
attituces oy pupils towards mathemeiics and calculator-use
in mathematics. The null hypothesis five was not rejected
because there was no siznificant relationship between
pupils’ attitudes towards mathsmatics and calculator-use

(F(1,124) = 1,57, p > .05).

(6) There will be no significant relationship in pupils’
mathematics achievement scores and post-attitude scores.
The null hypothesis six was rejected because there was
significant relationship in the post-test scores of the
groups and the post-attitude scores (F(1,124) = 4.84,

p < .05). Generally, the results showed that there
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ware attitudinal chanzos beotween pre- and post-attitudes
amonz all the grnups, ang that the calculator groups per-
formed bettor thas the non-calculator groups. The results
have also shown thzt pupils within the same ability levels
wha uvce talculators will perform better than those who do
not usa cslculators.

Most studievs on the use of calculators including this
one have not found calculators to have debilitating effects
rather it has computatinoral adventage and promotes high
achievement gains in mathematics. Teachers and pupils in
secondary schesls should be sncouraged to utilize the
advantage of . iculators in algorithmic computations, so
as to recuce thusz computational chores which often led to
loss of Interest in lzarnzrs. However, further research
could be done into the effectiveness and efficiency of
calculators in concept formation, and problem-solving in
secondary schools. In additinn, research could be done

to find out its effects at primary school leyuel in Nigeria.
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CHAPTER ONE

INTROOUCTION

1.1 The background to the study

The need for man to facilitate mental calculations,
and the problem of arithmetic computation with stones in
the sand, strokes on the wall, in all probability, were
attempts which later gave rise to more sophisticated items,
such as the Abacus. Thus, Abacus became the first attempt
of a calculating device used to perform arithmetic opera-
tions such as addition, subtraction, multiplication and
division.

The Egyptians and Greeks had used Abacus many thousands
of years ago. Different forms of Abacus can be found
among the Indians and Chinese. According to Herodotus,
2 Greek scholar, the Abacus of the type in (Fig. 1) was used

by the Egyptians and the Greeks.1

>

E 4
22

1000 100 10

Fig. 1: Abacus No. 23

1. The Encylopedia Americana, International Edition,
New York: Americana Corporation, Vol. 5, 13874,
pp. 161 - 163.
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Educationaily Abacus is useful as a teaching device
to give young pupils a better understanding of place-value
in the decimal system of numeration. It is gensrally made
up of several perallel wires running across the width of a
frame, and the beads are strung on the wires and are used as
counters (See Fig. 1). For example in a decimal system
of numeration, the separate wires represent units of 10's,
100's, 1C00's and so on. There are usually 10 bsads on sach
wire, sc that each bead stands for a unit of place-value in
the decimal system of numeration.

The simplest kind of calculating machine is an adding
machine which mainly performs addition and subtraction
operatiens, Howev:z2r, machines that can perform other
mathematical operations such as multiplication, division
etc. are called calculators. Both calculators and adding
machines are classified as digital devices bscause the
numerical quantities in the machine are represented by a
sequence of digits. The first true mechanical calculator,
however, was more of an adding machine. It wes designed by
Blaise Pascal1. The adding machine had a series of wheels
with the numbers of 0 to 9 engraved on their circumferences

and could perform addition with ’carrying’'.

Leibniz1 designed a rsal calculating machine that



could add, multiply, by repeating addition. In 1822
(Babbage, Charles)1 built a small six-decimal place calcu-
lating machine which could perform arithmetic operations
like addition, subtraction, multiplicatfon and division.
Most of the mechanical calculating machines built in the
nineteenth century had register-full-key board (printing

or non printing). Most of the full-key board priq}ing or
non-printing machines are now electronically operated
instead of manual operations. There is also the mechanical

rotary calculator.

1.1.1 The Electronic Calculatar:

The electronic calculators, the subject of this study
performs functions midway between those of a mechanical desk
calcula?or and an electronic computer. It adds, subtracts,
multiplies, divides and it also automatically stores inter-

mediate answers for fyrther calculation (Fig. 2).

i
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Fig. 2: Model of modern Electronic Calculator.
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Most electronic calculators have a cathode ray tube as
the out-put device, the computational results appear on the
cathode ray screen, which can display as many decimal places
as are provided in the calculator. However, the calculator
used for this study, and like most hand-held electronic calcu-
lators, can display up to eight places of decimal. Many of
these calculators have storage facilities with memory. Though
some electronic calculators are programmable externally,
most hand-held calculators are not, and the ones for this
study were not programmable. Some other electronic calcu-
lators also have internally stored programmes. These
programmes usually are shorter than programmes of the large
automatic computers.

Hand-held calculators are used in this country in
higher institutions, industry, commercial and business houses.
It was not too long ago that the uses of calculators were
allowed in mathematics and science-based courses in higher
institutions of the country. However, the primary and
secondary schools' pupils are not allowed to use calculators
at all in the school.

Several factors are likely to contribute to the
opposition of the use of calculetor in schools. First,few
calculato s are available in schools and in the country in
general. In consequence most pupils do not have access to the use of

calculators.
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Also pupils are not allowed to ure calculators in classroom
instruction and in tests of mathematics in primary end secon-
dary schools. There is a ban on the use of calculators in
the West African School Cartificate Examinations particularly
the General Certificate of Examinations and the Joint Admission
and Matriculation Board Examination into the Universities.
Four-figure table and slide rule are available in schools
and their uses are taught to pupils in the lower forms of
secondary schools; and it would have been expected that
electronic calculator could be used in the school system to
do the same computations, even faster. Would this have been
tecause of limited availatility of the device in the country?
Or would it be because of a fear of modern technology and its
application that is, by teachers and educators? The design
of this research was not meant to pursue the probable reasons
for teachers’ and educators’ attitudes toward calculator
usage (left to future researches? rather it investigated
the impact of calculator use on the instructional process.
The study however, did try to find out it there were other
empirical studies relating to the attitudes of teachers and
educators vis-e-vis calculator usage in schools.
In developed countries and to some extent in N i ger i a

many voic > have been heard debating t he virtues
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and dangers of calculater usace2, A few have cried out in
fear that the use of calculatour wonlid result in pupils
who cannot retember basic facts or do traditional paper-
and-pencil computaticn. Teachers, in particular, are
concerned abtout how calculators will affect students compu-
tational skills (Palmer)z. However, this fear of "rot-the-
mind theory” has not been supported by research (Suydam]a.
Although long-term effects of sustained calculator usage
are not yet known, there is ample evidence that frequent
use of calculators in elementary schools has no detrimental
effect on achievement in mathematics (Suydam)a.

However, the rapid growth and sales of inexpensive
calculators and their consequent widespread availability to
pupils and teachers demand that the mathematics curriculum
be re-examined and that teachers could use calculators as
an instructional tool. Throughout the country, mathematics
as a school subject has been made compulsory at both
primary, seccondary and teacher training levels. All school
pupils have to take mathematics examination' in their final

year, and this has led to the general anxiety among most

2. Palmer, H.B.A. Mini calcvlators in the classroom -
What do Teachers Think? Arithmetic
Teachzr 25(7) 1978, 27 - .

3. Suydam, N. M, "The use of calculators in Pre-college
Education: A state of the Art Review”.
Columbus, Ohio: Calculator Information
Center, May, 1979.
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pupils particularly thaose who 7ind mathematics difficult.
The results of pupils in mathematics examinations at primary
and particularly secondary schoocl levels of education have

not been encouraging (See tables 1 & 2).

TABLE 1

Detailed WASC Result in Mathematics
for Nigeria - June, 1970

Grades F9 P8 P7 C6 C5 ca A3 A2 A1

Percantage

ot Fitantas 52 13 10 1 4 3 6 1 1
Total

candidates 13338 3319 24e0 2704 915 763 1359 319 188

Source of Information: WAEC Annual Report, 1970.

TABLE 2

Percentagce Failures in WASC Mathematics
for Nigeria, 13965 - 1976

Year 1965 1966 1967 1968 1969 .1970 1971 * 1973 1974

Percentage 33 33 34 37 51 53 38 * 55 49

—

Year * 1976
Percentage . 51
Failure

Source of Information: WAEC Annual Reports, 1965-1977,

* No data were available for 1972 and 1975.
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The Federal government of Nigeria through ministries of
Education and other educaticnal agencies had made efforts to
improve the tesaching-learning of mathematics “n our school
systems and these have been seen in the different programmes
launched by government to bring about favourable results in
mathematics performance. For example, there was the "traditional
to modern mathematics” episode and yet there had been not much
improvement.

Learning of mathematics involves computational and
problem-solving skills. Pupils with good memory are generally
proficient in basic computational skills even though they may |
fail to grasp what should be done in a problem-solving situation
(Etlinger)4. A successful educational programme must try to
include effective instructional materials, which would for
a subject like mathematics incorporate the use of calculator.
Mathematics is taught at all levels of education so that it
can be used in-real-liks situations, hence much emphasis must
be placed on comprehension, analysis and reasoning than on mere
memorization cr computational skill which could be done with
calculator. Researchers in developed countries like Japan,
United State of America have shown that calculators have a great
advantage in computational use (Suydam)s. It would therefore
be logical to integrate calculator-use in problem-solving
situation: and pupils would best be served of rigorous

training is given in this area. It has also been

4, Etlinger, L. The Electronic Calculator: A new trend in
School Mathematics. Educational Technology Journal,

14 Dec,, 1974, 43-45. |
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found that rupils waste a2 1lat of time on computation than
the analyiical par* of problems and in many cases, the time-
consuming computations involved in mathematics may invariably
block the pupils’' minds from even attempting to find the
solution of the problem (Palmar)z. This is where the cal-
culator has its greatest use because it would relieve
pupils of the tedious computational factor in the problem
and allow them to concentrate on how the problem would be
atteckad and solved. Problem-solving is in the higher
hierarchyv than the concept learning, (Gagne?s and it would
therefore, be expedient to study how to integrate calculator-
use into the school mathematics programme so as to find out
most efficient and effective mcde of learning mathematics
concept which would bring about a positive attitude towards
the subject.

The ma i n focus of this study was on electronic
calculator-use and instruction with the primary objective
of comparing groups that were allowed to use electronic
calculators and those that were not allowed to use them.
It should be emphasised that the purpose of this investi-
gation however, was not to show pupils how to operate
electwonic calculators just for computational benefits

alone, but rather to try tc show how they could be more

5. Gagne', R.M. The Conditions of Learning. .New York:
Holt, Rindhart & Winston, 1970,
pp. 155 - 170.
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effectively and/or effectively used to solve mathematical
problems. One difficulty that has constantly surfaced in
recent calculator research is the failure of most researchers

to carefully build into their research design the experimental
treatment in such a way that it would take advantage of the
unique capabilities of electronic calculators (Suydam).

Also, in developing attitudinal criteria care would have to

be taken about pupils' immediate reactions cencerning their
feelings about themselves and the problems they would have
completed. The present investigation endeavoured to integrate
calculator-use into the instructional process, and to administer
Likert-type attitudinal measure to assess pupils attitudes
towards mathematics as a school subject and their attitudes
towards the use of electronic calculator and mathematics in

the secondary schools.

1.2 Statement of Problem

What effects would the use of calculators have on our
school programmes? Should they be used in elementary and
secondary schools mathematics programme? If so, with what
level of pupils? How do pupils feel about using calculators
in the mathematics programme? Should calculators be used in
test such as General Certificate Examinations, Joint Admission
and Matriculation Board Examinations? Should the use of

calculators be integrated into mathematics curriculum and

textbooks?
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Would the pupils who use calculators in instruction and

tests perform better than pupils who do not? Would the use

of calculators aid the pupils in the development of basic

concepts in mathematics? Accurate answers to these questions

are essential in assessing the current status of calculator and

more importantly, preparing for calculator usage in the mathe-

matics curriculum and for examinations in our schools systems.

This study endeavoured to find the effects of the use of

hand-held electronic calculators in pupils' attitude and perfor-

mance in mathematics instruction. Specifically answers were

sought to the following gquestions,

1%

Would there be any difference in the mathematics achievement
scores of those students who use calculator (the treatment
groups) and those who do not use calculators (the control
group)?

Would there be any difference in the attitude of those
students who use calculators (treatment groups) and those
who do not use calculators (the control group)?

Do students differ in their mathematics achievement on
the basis of differences in mental abilities?

Do students differ in their attitudes towards mathematics
and calculator-usage on the basis of differences in mental
abilities?

Is there any relationship between students mathematics
achievement and attitudes?

Is there any relationship between students' attitudes
towards calculator usage and mathematics?

In order to answer these questions the following null

hypotheses were tested at .05 alpha level:



1.3 The Hypotheses:

s There will be :ro significant differences in the
achigvement scores of pupils who use:
(i) Calculators in instruction and tests (51) groups,
(ii) Calculators in tests only (Ezl groups, and

(iii) no-calculators at all (Ea) groups, i.e.

Ho: ME, = ME, = ME, et a = .05

1 2 3
2s There will be no significant difference in the

achievement scores of pupils of high [61),

average (cz) and low (C3) mental abilities, i.e.

Ho: NC1== MCz = MC3 at a = .05

3. There will be no significant difference in the attitude

towards methematics and calpulator scores of pupils

who use:

(i) Calculators in instruction and tests

(51) groups,
(ii) Calculators in tests only (Ez) groups and

(iii) no calculators at all (E3]' groups, i.e.

Ho: XE, = XE2 = XE, at o =.05

1 3
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4. There will be no significant difference in attitude
towards mathematics and calculator scores between
pupils of high (C1]. average (CZ) and low (C3] mental

abilities, i.e.

Ho: XC1 - XC2 = XL3 at a = .05

5 There will be no significant relationship between the
attitudes of pupils to mathematics and calculator-use
in mathematics as a = ,05.

6. There will be no significant relationship in pupils'
mathematics achievement scores and post attitudes

towards mathematics and caleulators scores at a = .05.

1.4. Significance of the study

From available records, no empirical studies have been
undertaken in Nigeria as to the use of electronic hand-held
calculator in our school system. However, comments, as to
the use of calculator by elementary and secondary school
pupils, by teachers, parents, educators, school administrators
and concerned citizens have rather been mere speculations.
Since there are no empirical studies in the country to back

such speculations hence the need for this study.
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According *o Suydam{,several studies on the use of
electronic calculator in mathematics at all levels of educ~tion
anound in many of the developed countries like the United States
of America, Britain, yet few studies had been undertaken in
the are of differential effects of the electronic calculator

and instruction on concept learning in and attitudes to mathe-

matics. Etlinger4 reported studies carried out with
respect to the use of calculators in the elementary school
mathematics and some of the studies which bother on concept

learning and attitudes had inconclusive results.

It is the growing awareness of the usefulness of
electronic calculetors on the part of Nigerians, and the
availability of hand-held calculators in and outside school
system in the country which have prompted this study. One
would want to find out the impact the use of calculators would
have on the school system. Some interesting and fundamental
questions could be raised in respect of the use of electronic
calculiators in our school system. 0Ooes our sghool system
need a calculator-use policy? Should calculators be available
to pupils at all levels of education, primary, secondary
and teacher training colleges? Should calculators be
encouragec for the topmost classes in the primary school?

Would the teachers a2llow the use of calculators
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in the classraoum duriny instructions and tests? Should
special trai:ing be needed to use calculators effectively?
Would the use of calculators by school pupils not make
them mentally lazy? Should methematics textbook have
activities written for calculator usage?

Before attempts are made to answer these questions,
possible role(s) of electronic calculator in school mathe-
matics programme should be identified. Etlinger4 has
characterized two differing views on the use of the caleu-
lators, a functional view and a pedagogical view. In the
purely functicnal view, the calculator is considered as a
device much like slide rule, log-table - a device that can
do the chores irvolved in tedious arithmetic computation,
thus saving time and frustration. The other view, a peda-
gogical one, looked at the calculator much like a textbook,
flash cards, or manipulative device to facilitate learning.
Both uses could be good or bad depending on the task to be
performed and the age of the pupil.

It was on the basis of these views that issues were
raised thus: (i) would calculator maintain a motivational
value over several years of pupils' use or would it become

a more common place household object?

(ii) Can the calculator bLe made to help with the learning
of facts and algorithms or will its availability

hinder mathematics learning?
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(iii) Will experimentation with the calculator teach
children about numbers and operations or merely about

the celculator?

(iv) What types of directed activities would be most

appropriate for pupils at various ages?

(v) Will pupils think less about different methods for
solving a problem because it is now more expedient
to find the easiest or shortest method? Or will
children experiment with many methods of solving a
proolem tecause it is easy to try different methods

on calculator, and interesting to compare solutions?

(vi) Will the idea behind the arithmetic operations be
more widely understood because the pupils have
immediate feedback from the calculaters? Will the

patterns be easier to grasp?

However, a somewhat philosophical question which has
often been asked about any new teaching-learning devices
be it programmed text, computers, calculat;rs etc is this:
Is modern technology providing a learning facility or a
learn'ng crutch? Here, it seems educators must become
sensitive to the effects of modern technology on their

pupils and in particular to whether pupils are becoming
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more dependent on motivaticnal and educational devices for
thinking and learning.

The issues raised above are periinent to this study
and one hoped that che rasults of this study would be able
to offer some answers to these questions. Some studies which
were carried out in developed countries like the United States of
America and Japan that electronic calculators have some of those useful
applications which are relevant to this study.
The hand-held calculator has been found to motivate and
encourage students to be inquisitive and creative as they
gxperiment with mathematics ideas e.g. solving relations-equa-

tions (Be11)8,

For caer:le: [:]2 = 1125([::] is the unknown)

Other useful epplication on the use of electronic
calculator among the general public is that the calculator
could assist individual consumer on how to bescome a wiser
consumer in the ability to use calculator to compute percentage
discount on article purchased in departmental stores. In the
classroom instruction calculators can be used to reinforce the
learning of the basic number facts and properties in addition,
subtraction, multiplication and division. It can be used
to serve as a flexible answer key to verify the results of

computatio., and as a resource tool, it can promote student

6. Beil, M, Needed R and D on hand-held calculators,
Educational Ressarcher, 877, 6(5), 7-13,
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independence in problem-sclving., It can be used to solve
problems that previouzly “ave been too time-consuming or
tedious to be done with paper and pencil e.g. to verify
the value of expcnential 'e' by ccmputing its value in

series approximation.

~ < 1,n
e = 1lim (1 + F)
n —> o >
1 1 1 1
9 % hEgy At yeSagp T

Despite the useful application of calculators, yet
teachers, school administrators and educators are rather
skeptical about any innovations which either find their
way into schocls or catch pupils' eyes outcide the school.
Such skepticism may arise as a result of what these people
perceived would be the consequence of such innovations
within the school system.

Educators have, for instance, argued that innovations
like teaching machines would merely reinforée rote learning
or memory associations rather than encourage pupils to solve
problems creatively. While many have even seen television,
at one time or another, 2s a mesnace to school learning.
Some argued that time spent by pupils watching television

probably means time lost from an activity like home-work

(Be11)®
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Most recently in the United States of America and
Europe, the uvee of small electronic calculator in schools
has come under similar barrage of skepticism and sporadic
rejection in schools (Bell)s.

Rather than planning careful investigations to seek
answers to important questions relévant to use of calcu-
lators in our school systems, some educators, examining
bodies, school administrators have dismissed this new
technological innovation as a mere gadgetry or device that
is not good enough for the traditional classroom settings.
Some people argued that such devices may not yet belong in
the mathematics curriculum of primary and secondary schocls
in this country. Such attitudes suggest that a caraful
study on the impact of the use of calculators in mathematics
instruction was necessary.

One of the major spin-offs of the space programme has
been the miniature of electronic components to a level
which allowed the small hand-held electronic calculators
industry to flourish. In fact, current availability has
reached the near-saturation point in Japan, Europe, United States
of America, and has become popular in Nigeria. One can find them
being hawked along every major road in the country.

The number of types in the market varies from programmable

ones to the non-programmable types but all equipped with
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diffecronl numeriecsal nitations and mathematical functions.
While the us- of calculator is widespread, the debate
continuer as to what performance and psychological bene-
fits may accrue from calculator utilization.

Hnwever, Bell8 had indicated a number of important
arees where research and development efforts are needed for
better undzrstanding of the impacts of calculators. The
groups of people who may be concerned about the effects
of calculator usage in schools are parents, teachers,
school administrators, educators and examining bodies
like ''est Af:ican Examination Council (WAEC) and Joint
Admission anc Matriculation Board (JAMB) etc. Opponents
to tne usage of calculators, argued that calculators might
have deterimentel effects on the development of children’s
mathematical abilities. Conversely, proponents did assert
that calculalors may actually facilitate mathematical
learning.

However, to throw more light on such a debate, the
investigator became interested and carried'otit ‘this study.
Already research efforts in this area are rather scanty
in the courtry; hance the need, in this study, to carry
out - carefully planned empirical investigation on the

use of electronic calculators in our school system. The

6. Bell, M. Needed R and D on hand-held calculators.
Educational Researcher, 1977, 6(5), 7 - 13.
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genre of this study was to provide answers to probable
advantages of the calculator to the learner in facilitating
the teaching learning process of mathematics in the school
system. The focus of téis study was on pupils in the secondary
schools, their learning of mathematical concepts, attitudes
as regards calculator-usage and mathematics learning.

This study raised issues on what added advantages the
probable calculator-usage ahad on the instructional strategies
such as algorithmic computations and problem-solving.

A Limitations of the study

The following constitutes the major limitations of the
study:

1. The experiment was carried out only in Ibadan. The
situation as to the implication of this study may be
different in the rural areas of the country or in
other highly industrilised cities of the world.

2% The duration of the study may have not produced the
needed attitudinal changes of th%s kind of study.
For attitudinal changes may take a longer time than
six (B6) weeks the study covered.

35 It was difficult to ascertain whether the subjects
in the restricted calculator groups (RCU) and

Non-Calculator groups (NCU) were using calculators
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privately especially to practise. This may
possibly affect the pupils' attitudes towards

the use of calculator.



REVIEY OF wC:A1.C LITEAATIRF AND RESEARCH

The hand-held calcwlgtor 17 : tool used in society
todav for calculutisns. fEcucatnrs hitherto who havs been
resisting the use nof elsc’ronic calculsators at primary and
sacshdary schounl lavels my be willing to admit the use of
calculetors if cnly, waere the c2lculator zdds a “new
dimeasion” of lzarring to the experisnce of the pupils
and it allows a child to do something or learn something

that could not before.

The most common argim=nt acainst the use of celculators
in th: s-nocls is thet treir uss would lsad to decay of
6 HURTERSHELE &% artbilaiin.and 1685 BF GORBESETGhEL
skills in stud:nt. Thy aversian of many people to the use
of czlculators iz simply the resistance to a change 1in
"iistruments’ in e#&leuiation treuzht 2beout by advaacing
technology.

Tecnnological c aness are hard to accept at first
and cnz.can easily muster up 2ll soris of sneéters cf doom
when first prescited vith them. The aversion and resistance
to calculaters-us= inprimary and secondary schools have

precedence in history.
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In the Phaedrus, Plato had ~» short discussion on the
value of reading, which was at that time just coming into
vogue. The tradiiion before then was cral, that is, one
memorized stories and recited them. One of the participants
in Plato's dialogue expressed the fear that the coming of
written materials would lead to ‘the decay of the ability to
memorize and recite works. He was quite right. The ability
to do this had generally been lost. But look at what has
been gained. The =iiount of literature that one can absorb
has been increased 10,000 fold. One would think it w..l
prove to be the same witn calculaters. Children would lose
the ability to dc sums and products on paper with pencil,
however, at a very early age they would have gained the
ability of doing problems with very large numbers quickly
and very accurately, and this could be a very exhilarating
experience.

One should think of the time that will be saved on
drill and simple arithmetic computations. This time could
be put to good use cdoing more complicated word problems.

Accoraing to Immerzael7 students would no t b e

7% Immerze~l, C. et. al.: Teaching mathematics with the
hand-held calculator. In M. Suydam Electronic
Hand Calculators: The Implications for the Pre-
College Education. FinAal Report for NSF Grant
No. EPP 75-16157, 1976.
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dependent on the calculator rather, students will undertake
much more complex problems and students can solve
verbal problems using the calculator at about three times
the rate the problem could be solved with pencil and paper

alone.8

2.1 Electronic calculator and the school system

Despite the availability of the mini-calculator and
its ever increasing public usage, there still exists
controversy among educators as to its proper usage in the
school or whether it should be allowed in the school setting
at all., It's advocate refers to it as an essential implement
in the newest mathematics [Higgins)e, as a motivating device
(Mastbaum)a, as a means tcward immediate reinforcement of
results and a significant learning strategy (Lewis)g.

Opponents of calculator like James Mckinney,

Professor of mathematics at California Polytechnic State
University in Pomona, U.S.A. states his case in the "Great

Calculator Debate”, 1974 as follows: .

8. Roberts, 0. M. The impact of Electronic Calculators
on Educational Performance. Review of
Educational Research 1980, 50TiJ), 70(i), 71-98.

9., Lewis, P, "Minicalculators Have Maxi-Impact”.
Nations Schools 83: 60, 13974
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If what we are talkirg about is reducing tedious
calculations thern perhaps mini-calculators can be
an aid, but teaching a student to push buttons
won't help him if what he needs is more instruc-
tion i, aztual addition, substraction, multiplication
and division - I can’t think of any reason why a
fourtn or fifth grader® should even see ons, after
all that's when we are trying to teach basic
arithmetic (p. 12)9.

This pungent argument holds against the use of
electronic calculator in elementary school, whereas this
does not go to say that calculater cannot be used in the
secondary or higher education levels where the pupil
weulc have mastered the basic concepts of addition,
subtraction, multiplication and division of numbers.
Here,differenczs in opinion on the calculator usage
bothers on grade-level at which it should be used.

However, studies carried out by Schur and Lang10

with a group of youngsters of elementary school age found

that improvement on computational ability of the youngsters

* Equivalent of Nigeria Primary 4 or 5 pupil.

10. Schur, J. 0. and Lang, J. W. Just pushing buttons
of learning? A case for mini-calculators
Arithmetic Teacher 23(7), 1976, 559 - 563.
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was traceable to the mini-calculator regardless of the
learner's sex, and they went on to suggest that mini-
calculator does have a plece in the elementary school.
Similarly in the U.S.A. the Board of Oirectors of the
National Council of Teachers of Mathematics has adopted

the following position:

With the decrease in cost of the mini-calculator

its accessibility to students at all LEVELS OF
EDUCATION is increasing rapidly. Mathematics
teachers shculd recognise the potential contribution
of this calculator as a valuable INSTRUCTIONAL AID*
in the classroom, the mini-calculator should be

used in imaginative ways to reinforce learning and
to motivate the learner as he becomes proficient in
mathematics (NCTM, Newsletter, December 13974).

Studies so far, reviewed are from U.S.A. and Britain and
it would be shown that calculator-usage researchesz have
been carried out at all levels of education, elementary

(primary), secondary and higher schools in these countries.

2.1.1 Elementary School s

Most of the studies carried out at this level of

education were of the general pre-test-post-test design.

* Capital letters by the authors: are used to
emphasis the relevance of the portion of this study.
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Hothel“11 examined the effect of a calculator
programmed to srovide imrediate feedback on working simple
multiplication problems. ucing fifth grade pupils and -pre-
test-post-test dssign with experimental and control groups it
W a8 s found that the experimental group thatused calculatcr
on che test a2nd cdurinz instruction performed significantly
better than the control group that did not use c=lculator
at ell. whitnkar12 explore i calculetor impacts with
first grade children in ths elemantary school. Pupils
wizre randcmly essigned to experimental and control groups
while the experinuntal groups used calculator and the
contyecl group cdic not. The treztment lasted for thirty
instructional day, and it was found that the experimental
group had twc ga2in scores to onz gain score of the control
group but nc -ttitudinal differences to mathematics were
found oetuesn the griups.

Thus, the majority of thc sty ige . mpleted at the
elementary school showsd cemputaticnal advantages for ages
6 - 11 yeers for the introduction of calculatér usage into

the mathematics instructior whiiz the attitudinal benefits

11. Hohlfeld, J.F. Effeciivencss of an immediate feedback
device for leariring basic multiplication facts

" (Doctcral Dissertation, Indiana University, 1973).

12. Whitaker, W.H. A stucy of change in achievement,
interest, 2nd attitudinal variates accompany the
use of 2lectronic calculators i: = first grade
mathamatics curriculum. Unpublished Ph.D Thesis,
University of Southern Califerria, 1977.
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were limited. There was scarcely any conceptual benefits

due to calculator-usage.

2.1.2 Sewondery Level

Most of the studies st the seccndary school level
reviewed were of the pretest-post-test design. 0uinn13
used eighth and ninth grade students to observe whether the
use of programmable calculator would facilitate algebra
achievement and attitude towards mathematics. There were
experimentel and contirol groups, using some classes
from two schocls - 2n2 experimental end the other control.
The experimental classes used programmable calculator while
the control did not use calculator. However, no achievement
differences were found between experimental and control groups,
but the experimental group shcwed more favourable attitudes than
the control group. Majority of the secondary level studies
found computational benefits due to calculator use. However,
as the case in the elementary school studies, very little
support was found for the hypothesis that calculator benefits
improved development as regards conceptual and attitudes areas. It, there-
fore, remains for future researchers to explore conceptual

benefits of calculator at secondary school level of education.

13. Quinn, D. R. The effect of the usage of a program-
mable calculator upon achievement and attitude
of eight and ninth grade algebra students.
Doctoral Dissertaticn, Saint Louis University,
1875,
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2.1.3 Higher education lcvel

The use of cslcuiaters at this level of education
seems to be an accepted norm today. In Nigeria and other
parts cf the world, the usc of calculators is permitted
during instruction and on tests. However, there has been
no empirical studies on calculator-usage at this level of
education in Nigeria. In developed countries such as United States of
America and Britain, many studies have been carried on impacts of calculator
in the college mathematics ISuydamla. Sosebee and Nalsh14
investigateu whether students who had used calculators
on in-class chemistry examinations would do better than
those not using calculators. Using the mean scores from
the examinations no difterences were found in their scores.

Roberts, Seaman and Lernera were interested in esti-
mating the discrepancy in performance and attitudes of
less calculation cendition (hard work) against calculation
condition (advanced calculator). Using ANOVA, results
showed large differences between calculation modes in favour
of the advanced calculator. ‘

Most of the studies at this level provided support for
the computational benefits of the calculator. In addition,

affective (attitudinal) effects were found favouring groups

14, Sosebee, J. F. and Walsh, L. M. Pocket calculators
and test scores in introductory chemistry.
Journal of Ccllege Science Teaching, 1875, 4,324.
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which had nsed szilcuioators. This was especially true when
the dependent measure tapped specific task, affective
responses Reviewed in this study were some findings on
the conceptual impact of calculator use in the studies
carried out by Roberts and Glynne. According to Stultz15
calculator can be used at any grade level not only to check
answers but alsoc to debug a problem. Calculator can serve
the same pursose &s flash cards with gquick oral or written
response znd immediate reinforcement. One of the more
practical uses of a calculator in high school mathematics

is in the eveluction oF formulia. At higher education level

calculators arz needed in statistical problems.

2.1.4 Lzsarning ocutcomes za mathematics instruction

In this study one endeavoured to highlight the compu-
tation, conceptual and ettitudinal effects of calculator use
on learning outccmes of mathematics instruction at the
secondary school level. Gagne’ and Briggs15 have identified
five categories of learning outcomes which are relevant to

this study such as:

(i) intellectual skills,

(ii) cognitive strategies,

15. OStultz, .. Electronic calculators in the classroom.
Arithmetic Teacher, 21, 1975.

16. Gagne', R. M. and Briggs, L. J. Principles of Instruc-
tional Design, 2nd Ed., New York: Holt, Rinehart
and Winston, 1979.
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{(iii) verbal informetion,
(iv) mckor =kills and

(v) attituces.

In trying to study th2 intellectual skills one examined
the individual competency of the learner by measuring the
3 Rs - readiny, writing and arithmetic. These competencies
were measured in the study using mental ability test of
verbal and numerical nature. Writing on cognitive strategies
Bruner, et al']'7 described it as mathemagenic behaviours
while Sklnnar1i called it self-management behaviours,
Precisesily, it is {he capzbility of individual's learning,
remembering and thinking behaviour. Gagne1s defined cogni-
tive strategy &5 & control oprocess, an internally organized
skill which governs the learners' own intellectual processing.
It selects and guicdes the iaternal orocesses involved in
defining and soiving naw prchlems. It is this strategy that
is needed in problem-solving. It can however, be measured
using achievement tests. A mathematics achievement test was

used to measure this area of learning outcomes.

17. Bruner, J. et al. A studyv of Thinking, New York:
Wilcy, 1955,

18. Skinner, . F. The Technolopy of Teaching, New York:
App leton, 1568.
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Un verbal information, the learner usually acquires
needed information from fcrmal instruction or on incidental
learning and such information would be stored in learner’s
memory not by memorizatior.,, but by constant practice through
repetition-practice. Since this study required the subjects
to go through an instructional process designed for them it
was pcssible for the learner to acquire the necessary verbal
information on the mathematical concepts. This was measured
through the te:cher-students classroom interaction incorpo-
rated into tihc stuc, design.

Motor skilk involve writing, and handling. In this
study, some g-oups of subjects used calculators which they
had to manipulzcte but such skill was not measured in this
study.

Attitudes: It is an aspect that was measured in this
study. One was interested in studying the attitudes of
pupils only towards mathematics as a school subject and
their attitudes toward the use of calculators in mathematics.
One did not measure such socially approved attitudes as
respect for other people, cooperativeness, personal respon-
sibility, self-esteem, but rather attitudes toward knowledge
and learning situations. Likert-scale type of attitude
questionnaire vas developed and used. Other attitude
questionnaire :that was appropriate for this study was also

used.
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Fland ers ' ° recognised the most common learning outcomes

as content achievement, skill performance attitudes. This
study had therefore recognised these human capabilities,
intellectuel skills and acttitudes. The other learning out-
comes; verbal information and motor skills were demon-
strated during the instructional process and they involved
the computational effects of using calculator in mathematics

instruction.

2.1.5 Computa-ional effects of calculator

Computaticonal benefits would occur when pupils who had
used calculators during a treatment could perform routine
computations (not solutions to word problems or equations
that would be conceptual development or problem-solving)
more accurately and/or rapidly than those not having access
to calculators during the treatment. Such benefits might
occur when either the pupils were allowed to use calculators
on the actuzl task (on test or/and instruction). Sometimes
the judgement as to what criterion tests were more compu-

tational than conceptual would appear to be instructive.

19. Flandz=r:, N. Analyzing Teaching Behaviour, Reading,
i ss: Addison-Wesley Publishing Company, 1970,
p . 317 - 319.




At elementary levsl, Susn:erzo used fifth and sixth

graders to cbserve the impict of calculators on compu-
tational skills and arithmetic reasoning abilities. The
experimental group was axlocwed to use calculator on
tests and on <1l in-class work but the control group was
not. At the fifth grade level the experimental group had
gain scores on the problem-solving test whereas in the
sixth grade, the experimental group had gain scores on the
arithmetic computations. In two studies, Jone a n d
Allen8 investirated the effects of using hand-held calcu-
lators on maths ratics achievement, attitudes and self-
concept.

In Jone’s work prs-test gain scores with post-test
attitude and self-concept were analysed, whereas in Allen's
work metric measurement and decimal test gains were examined.
In Jone's work experimental group performed better on the
post-test, however, there was no difference on attitudes
and self-concept. With fourth through seventh-grade summer
school pupilis, -‘-lelson8 investigated impacts of calculators
on computational skills and attitudes. The experimental

groups which usad calculator were superior for both compu-

20. Spencer, V. N. Using the .iand-held calculator in
int:ormediate grade arithmetic instruction
(Dcctoral Dissartation) Lehigh University, 1974,



tation and attitudes. Suther;ine used fifth and sixth
grade pupils to investigatc the effect of calculators on
decimal estiraticn skills. Fupils in experimental and
contrnl gron,. 5 were pre-tested, post-tested and given
retention tests. Employing the method of Analysis of
Veriance (ANOVA) for the date analysis significant gains
in estimation skills were found in both experimental and
centrol groups. Houever, tliere was no difference betuween
experimental and control groups on both the post-test and
retention test.

Shumway eh 5121 found nc mrasurable detrimantal
effects for calzulator use. Pupils learned basic facts,
and achievemznt w33 geod despite calculator use at grades
2 to 6. Eikmier® investizated the use of calculators with
low achieving 4th gicde pupils in mathematics achievement
test and attitudes. He found no significant difference in
2ttitude or achievement gains between calculator and non-
calculator g.oups at this levei. Kasnic and Kobrin8 found
the same 2sults - no significant difference in achievement

betwee calculator and non-calculator groups. Most other

findings et this level of education support this position.

2%, Shumway, . J. et al. Initial of calculators in
Eler :ntary school mathematics. Journal for
Rescarch in Mathematicz Education, 12, 119, 141,
1887,
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At the secondary school level, BaSIiﬂE compared the
achievement and attitudes of nineth grade pupils using
either convencional or calculator based algorithms for
operations on =ositive rational numbers. Significant
treatment effects were found on both post-test achievement
measures with experimental group gaining scores on reten-
tion tests and achievement measurss; however, no difference
on attitudes were found. Similar results were found by
WajeehB and Hut:ona. Whereas Wajeeh found differences
betwsen two le.:1ls of zxperimental groups and control groups
on both achievement and attitudes, little difference was
found between the experimental groups. In Hutton's study no
differences were found between any of the experimental and
control groups on any of the achievement or attitudinal variables and these
findings were corroborated by Jamski®and Ander‘sonB in their
studies on the impact of hand-held calculators on seventh grade
learning of decimal/percent conversion algorithms and effects
of restrictec veirsus non-restricted use of calculators on
mathematics achievement and attitudes. Both studies, like the
cthers tend to show that pupils perform significantly better
on computational skills when using calculator but no diffe-
rences as regaris attitudes toward the subject. However,

in a study inv lving 2 non-mathematics area, Bolesky8



investigated e influence of calculators on achievement

in chemistry. Using 2 x 2 factoriul design: E experimental
conditionn, 2xlculators on the ronst-test, E1 conditien, no
calculators on the post-t~3*. rcontrol, C condition, calcu-
lators cn the post-test, and C1 soncdition, no calculators
on the post-test. Results showsd no significant main
effects or interacticn.

At the hizher education level,a series of investiga-
ticns reportec by Poberts and colleagues8 found computa-
tional bencfit: of using calculators. For all five studies
carried cut bv th= group, they found that introductory
statistics students worxked numernus statistical problems
(m=arn, stancard deviations, corralation co-efficient, etc)
under a variety of conditions. Three criteria that were
common to all stucics included the number of correct
answers, tiie time to work prcblems, and efficiency (number
correct per unit of tim2). In four of the five studies,

2 post-test attitudinal msasure was also administered.
Results from these studies showed that the émount of pre-
practice had no effzact on the number correct, time, or

8

efficiency dependent mea=ures. Rolerts and Glynn~ found

fcr ti'» calculator made: the advanced machine group was

consistertly ~upericr to the basic machine group. Roberts

8

and Glynn~ fc nd t-at for the instructional work set: that is,
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instructicns to work fast or work accurately groups who produced
more correct answers, longer working times, and less efficient
problem spolution than the work fast group. Roberts and Fabreye
found that the advanced machine condition produced mdre_ positive
ratings on four of the five attitudinal clusters then non-
calculator condition.

Thus it enpears that most of that data and studies
reviewed wouid support the hypothesis that using calculators
during instruc:ion 2enefits routine calculation and that
the tenefit is moust pronounced when students continue to
use the machine while actually nerforming test computations.
Most of the studiss wer: pretest - post test desizn and
th®s may conctitute some protlems in integrating calculator
usage in thz experimental and control grouns, thereby
making comparisons difficult. Majority of the studies
reviewed still found the experimental zroups performing
better than cantrol zroup which lends support to the compu-
tational benefits of the calculator. However, there is
need to investigate effects of calculator on concept

learning.

2.1.E Effects of calculator on-coﬁceht'iearning

1
Accerdine to 3Suydan” © calculators can be used to re-
inforce and e pand many mathamatics concepts that may be

introduced. !iowsver, no research evidences exists to
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support the claim that concepts must be devzloped prior to
calculator-uze. Hence ths notion of developing, under-
standinz tiirouzh sxamples followed by explanation and dis-
cussion is a common technique in mathematics teaching.

Almost all of the studies in elementary school mathematics
comparing achievement of groups using or not using calcu-
lators favour the calculator groups or reflect no signifi-
cant diffarences [Suydam)zz. In certain types of mathematics
problems, calcilator might facilitate concept formation

abilities. For example, some mathematical principles

which require numerous, labourious calcu-
lations in orcer to be well understood, then concepts would
be acquired faster if calculators can aid the student to
leap through the computatiens. In addition and perhaps

more importantly, if calculators can reduce frustrating
computaztional errors, then tha quality of the concept
attainment may be improved. Roberts8 states that the
proposition that c=2lculator usags can have an impact

on mathematicz1l concept formation seemed reascnable.

22. 3Suydam, M. N. Recearches in Mathematics Education,
Journal for Reszarch in Mathematics Education
1004, 1879,
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But, it is not yet supported by the empirical -
date available. This is so since few studies made any real
attempt to carefully intecgratc calculator use into the
curriculum that would illustrate how calculator can
facilitate copcspt learning. Some studies have been carried
out on concept learning but positive results relating to
conceptual ben=fits of calculator usage would not be expected
to occur as often as simple computational benefits because
conceptual acquisition is a more complex task.

KasnicB studied the effect of calculator usage on
mathematical problem-solving in relation to three levels o+
ability of the six-grade students tested and using a 2-fact
ANDVA analysis with Pretest and ability as a blocking variable
he found tliere were no differences between experimental and
control groups, nor were any differences found for the
differsnt ability levels between experimental and control
groups. This ‘design of using different ability levels has
held to substantiate the need for the use 6? calculator in
concept learning. Though the results were not conclusive
a . similar research design could help to clarify this

important area of mathematics learning.
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Fischman, Wajsen, add Huttcn23 investigated effects
of a newly developed pragramme of meaningful and relevant
mathematics on achievement and attitudes at secondary school
level. Using both ANOVA and ANCOVA for analysis, results
showed supericrity for both the two experimental groups over
the control groups on both achievement and attitudes but
little diffcerence was found bestween the two experimental
groups. These results . support . other findings on achic 2-
ment and attitudes at this level. However, Hutton23 used
t-tests analysis and no differences were found between any
of the experimental and control groups on any of the achieve
ment or attitudinal variables.

Lenhard23 worked on pre-test and post-test design-
experimenta.l .nd control zroups at secondary school level
mathematics,:..vina veriety of enalysis using t-test and
ANGVA procedures, it was shown that the higher ability
students made fewer concept and computational errors than
did the lower ability students; and they also had more

positive atti .udes.

In addi:ion, studies by Bolesky and Boling24

at secondary school 1level on whether the use of

23. Fischman, M.L. et. al. The Impact of Electronic Calcula-
tors, Review of Educational Research, 50(1)
71 - 88, 1980

24, Bolesky, E.M. and Boling, M.A. The impact of Electronic
Calculators in Roberts, 0.M. Review of Educational
Research, 50(1), 1880, 79.
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calculators would influence students' achievement and attitudas
in chemistry and in consumer mathematics respectively. Eolesky
used 2 x 2 factorial design and the results showed no significant
main effects or interaction between, experimental and control
groups while EBoling findings on achievement and attitudes
also showed no significant differences between the experiment._l
and control groups. It would appear, at this level, that
most of the findings on studies in the use of calculator for
concept learning in mathematics did not-show any difference
between the calculator-use and non-use- vis-a-vis achieveme
and/or attitudes.

Most of the studies reviewed at higher education level
seem to lay more emphasis on computation and attitudes rather
than concepts. Ayers25 was interested in the effects of
situetional problem-solving and calculators on statistics
performance. Using several analytical procedures (ANOVA, Mann
Whitney U-test etc.), results showed better achievement in the
calculator groups and more positive attitudes in the situa-
tionals realistic teaching of heuristic groups. No attitudinal
differences were found between the groups using or not using

calculator.

25. Ayers, S.W. The effects of situational problem-solving
and electronic calculating instruments in a College
level introductory statistics course Dessertation
Abstracts International, 1977, 37A.
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O'Loughlin23 investigated the effacts of using

a prugremmable esectronic calculater on the achisvement of
students in a calculus course. LUsing 3 2-factor ANOVA
(blecking .ver three ability levzls based on previous
m:tnemttics achisvement), differencas were found in favour
of the z2xpsriment2l group, but no differences favoured the
control group. It would appesr that there was srme support
for the conceptual impact of salculator use at Higher
educatiun laval.

Problerm-sslving forme a substanti»l portion of concept
development in mathematics. Tie proslem-solvur must compre
hend the facts, clearly undersiand wha: is nesdad, and analyz:
the proLlem in oider to 2rrive zt how tne problem is to be
solved. Pupils with sharp, analstical minds may do superior
work when solving verbal prublems, although they may
sometimaes lack the basic ccmnutaticnal skills needed for
problem-scliving. It would therefore, biological to
integrate calculator-use in problem-solving situaticns so
that pupils would best be gerved if rigorous training is
giving in this area. F\bde!samod25 found th.! the
calculator was considered e“fsctive in mathematics problem-

sol.ing at secondery scheol.

25. Calculztor Information Csntrs.: Resea~ h on Hand-hsld
Calculz2tors. K-12 3ulleting Nc. 8 Columbus,
Ohio, 1982.



A calculator can 21s2 hs useq very effectively in
caoncept dovelepment sinceg miay Zxamales can be 2xplcred
quickly. Consider for examole, ihe concept of tho prime
numbecrs. A aumber caen be testec for primeness quickly by
dividing on 2 calculatar. The concept of decimal can be
introduczd quite ezariy o1d davelaped through calculator
activitics. Many motiveiinnal celculatcer games ¢ - be used
to devalon- important cenc .pts such as place-value,
cetimation, inteeers 2n4d “uirctional rules (Guthrie and \Illealzb

Acncocing to Ceole’ Jtuﬁzn:s.vcceiving both

csitivz ol nesstive instances (examples) in teaching
matn-maticzl crncepts dic significzntly better on an
algebraic conczpt test tizn thoss givzn only positive
instances only. It w-uld thersfore, be worthwhile to
explorg the use of calculztors in the concept farmation
tachnigues - 2xamplcs znt non-2xamples. It would appear
from studics carrisd cut on concept leadvaing and calculator-
us2 that the learning se:tings in whicn thase studies were

.

conducted did no% genera.ly smphasize concept-formation

skills, thareby providin: a2 partial explanation.

——— ———

2A4. C 1k, W.C.: Teaching of Conecepts; Journal for Research
in Mathamazics Education ed. Suydam, N.M. Vol. 13,
No. 7, 198<.
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From studies revicwed it would eppear that
mo s t findings on calct lator-use when students used

calculetor on pre-test and were not allowed

on post-test shewed no difference. Thus, if the calculator-yse

were to be successful in facilitating learning, the concept

attained should really be at the understanding level. Then

utilization of calculator in application to/principles: and concepts

have had relatively little bearing on obtaining the correct
®olution on a post-test. According to RobertsB, the
concept formaticn benefits of calculators will only be
resolved when investigators used calculators as a strategy
for solving problems.

2.1.7 Effect of Calculator 6n Attitude

Finding attitudinel impact of calculator in instruc®ion
may be problem-ridden because of the difficulty in finding
the attitudinal criteria to use. For the vast majoritycof
the studies reviewed; three factors may have worked against
finding attitudinal impacts. First, the measures used were
too orientes toward general traits rather than characteris-
tics which were more task specific and sensitive to
calculator influences.
Secon.!, the time frame for must studies was too short to expect

any real change in attitudes. Third, since many of the
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investigations 4id not allow the cxperimontal groups to use
calculators on the post-tisi, »any of the students might
have lost interest wniuh in turn, might have influenced che
ratine on tne attitudc scales. PMest of the studiss did naot
irvastigats attitudes toward calculator per se but rather
in componant with achizvemeng and, ., in mecst cases, there
was no corrclation between Yne achisvement and zttitudes.
“Smith® examine. a-~fiievement and esttitudinal

impacts of celculstor usagre in teaching methodology to
business and =2concmics studeits. The instructicnal period
lastaed for 10 Zays with Pr= %est-pnst-test design-axperimental
2nd contrel groups. The exgarimental zroup was 2allowed to
use calculator on prz-test and during instruction but they
were not 2lluwec on the post-test. It was fcund thet there
were no achizvemant or attitudinal differences between
eanerimental er contrel zrrups

Roberts, Szam-n and L,-rnar8 in their study on
simple czlculatior condition (hardwork) versus, bast calculation
condition (advan::id cal:ulator) and the attitudinal data showed
large and significant diffsrences batwe2n calculation modes

with mrre positive %aci: aad sz1f-percections being expressed
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by students using the 2dvanced calculator. Standifer and
Maplesz'13 invescizated the achievement and attitude of third
grade students using two types of calculators and found that
the hand-ticld calculator :roun scored significantly higher

on achievement and attitude than the programmed-feedback
calculator group at grade level 3. (Elementary School).

Connor29 investigated a2 calculator dependent on tri-
gonometry programme and its effect on achievement . and
attitude towards mathematics of eleventh and twelveth grade
college-bound students, and found there were no significant
differcnces on usttitude tetween calculator and non-calculat--
groups at secondary school level.

It would appear from most of these studies that therec
seems to be evidence thet calculators influence immediate and
specific perceptions, but there was no evidence to support
any significant differences between experimental and contr
groups or tc support mere general and lasting attitudinal
changes.

2.1.8 Use of Calculators on Tests

.

One of the most peculiar cspects of calculator
research is the extent to which investigators have allowed/

disallowed students to use calculators on tests. According

28, Standifer, C.E. and Maples, E.C. Achievement and
attitude of 3rd Grade student ...in School Science
and mathematics 81, 17-25, 1881.

29. Connor, P.J. A Calculator department Trigonometry Programme and
its effect on achievement in and attitude toward mathematics
of Eleventh and Twelveth Grade College Bound Students.
Un-published Ph.D. Thesis, Temple University, 1981.
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te Carpentzr =t 3130 reported on the resulfs and implications
of 1977 - 1976 mathematics assessment of the United States aof
America National Assessment of Educational Progress (NAEP)
“on "how does the availability of hand-held czlculators influence
performance in testing situation?” 1In the report, several
issues related to calculators were raised, for example:
timing on exercise; it was found that students te-~% longer
time to do problems with cclculators than with paper and
pencil. This would be surprising bacause calculators should
prasumably make .oaputaticns easier and less time-consumiig.
The reascn for this may bs that students lacked confidence
in their results, ss they did the oroblem moara than onc.. C
perhaps students c‘c not know how to interpret the value shown
on the calculater's display. Perhaps students with calculators
sought to do the problem in morz than one way. The hehaviour
of seeking «lternative sclutions to problems when calculators
are available has been repartzd in several calculator research
studies (Ciupenter, “haatle r and Shumway, Coburn,.fays and

Scho2n, Hhaéfiey and white)31.

2. Problem-Solving: (On exercises reguiring problem-

solving techniques, the performance of 9 and 13 year

3¢, farpenter, T.P. 2t =1 Calculator in testing situation,
Arithmetic “eashar 28 55-65, 1931.

31. Carpenter, T.P, zt 2t. Claculators .n testing
situations: Results snd Implications from

Nstional Acszssment Arithmetic isacher, 28
34-37 Jan, 1981.
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students with calculator were generally poorer than that ot students
witnout a calculivar. Hence calculators de not solve
pravlems, oswopl. de.  Strategies such as trial and error
that take specis] advantap:z a9f the zalculater nead to bz
introduced, dieveloped =nd encaurazsd. Problem-solving
reguires for mere than comnutaticn i demands understandin:,
correct choice of operaticns, and salection of vzles to
aperate in a parcicular ander Carpenter et albo found
that stueents performed routine computation better with aid
cf 2 calculator, vut proulem-salving scores were poorer i .th
calculator =t agcs 9, 13, 17.

Song of the studies did n2C allow students te use
calculators on pout-tests. ‘cgonding to Rnbertss *he
assumption is that tnis reflests the ghileosnphy that the
real questisn is whether the uss o calculators will harm
students' performance -wnirn they ars faced with déing
calculaticns by caper.and pancil methods. vhile such an
approach is cistainly 2 le: itimete ay to test theory, it
appears to be & nezotive oriantation rather thah a positive
onz. Instead of zxaminine ontential positive impacts, the

focus is on demonstrating the lark of negative effacts.
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However, it would secen mere realistic, as it is be}ng done,
Lo assume th-- :alc;lators may have more positiQe benefits
than negetive. Tihis assumption could be supported, in cases
where computational bLenefits wecre more when students were
allowed to use calculators on tests. On the other hand, it
would have been instructive to test for more conceptual
benefits (as it is being carried out in this study) by
allowing calculator-use on those types of criterion tests-
pre-test and post-test. It would therefore be appropriate
to use calculators on the post-tests, assuming, of course,
thet the trestrent properly integrated celculators on instr
tiun, and s.e i¥ there would still be any significant o
difference betwsen tne exgerimental and control groups.

2.2 Integrating CalCulztor intn Mathematics Curricula
in Schools

Before integrating any erducational devices into school
instructioi throre must be agreement on what role(s) such
devices would play in the school. But viable school roles of
electronic calculator will noi be established without finding
solutions to many problems: problems of philosophy, problems
of curriculum and methodology, problems of design, and school
management of the calculator themselves.

In the belief that solutions to many of these problems

could be worked out in actual classrooms, the design and
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methodclogy of this ressarch would try to explore classroom
usus uf calcuietors by integrating calculators in the
instruction <i” tests. According to Palmer32 attempts to
introduce ciicilators in the classroom, particularly at the
elementary gradz2s had been greeted with cautious responses.
Teachers and educators could be worried over such innovations
and investigations by Palmer32 revealed the reasons for
their cauticn as follows: (1) erosion of the teacher's roles -
mechines taking over teaching functions; (2) impersonalization
of the teaching - learning process, reduction or elimination
of tne humane aspects of teaching and learning, (3) stifling of
creativity - emphasis on precision, mzasurement, and mechani-
zatior inhibite creative s«pression.

Despoite the 23 xiety e¢xpressed by teachers and
educators researchers in the erza of Calculator-integration
isto curriculum had progressed. Using ninth-grade general
mathematics classes, VaughnB examined effects of calculator
useage when ey were specifically integrated into the
curriculum. The design was pre-test-post-test experimental

and control groups with the subjects in the

32. Palmer, H.B.A.: Mini Calculators in the Classroom -
What do Teachers Think? Arithmetic Teacher
25(7) 1876, 27-28.
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experiment.l group using calculators. Using a stepwise

regression analysis , results indicated that the experimental

group performed better th=n the control group on achievement

at th= post-test but there was no differe‘'ce on attitudes

of the two groups at the post-tests. .Casterlqwe

who studied the effacdts . df calewlator instruction an

the knowledge, slills and attitudes of prospective elementary

teachers found that the treatment in which students received

teacher-guided instruction with the calculator was more

effeciive than treatments without teacher guidance for

preservice elementary teachers. The calculator was

con- idered effective with 13 to 60 problems strategies at

secondary school leve! In studies carried out by Hopkinsa
;:on the effect of e hand-held calculator curriculum

in selectad fundamentals of mathematics classes he found that

students using calculators for instruction gained equally as

well in computation and significantly higher in problem-

solving as studeits not using calcuilators at secondary

school level. Similarly studias by Smith8 on a study

of the effectiveness of the use of the electronic calculators

in teaching simplex method to business and @conomics majors

found, . regevdless of sex or mathematics .aptitude lsvel.
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little difference in mathematics achievement and attitude
between students using or not using calculators in the
classroom at college level.

Most of the studies so far, reviewed have not established
any differential effects as regards calculator instruction
vis-a-vis achievement and attitude. However, studies by
Laursen33 on the use of calculators in High School General
Mathematics which compared achievement, attitude and
attendance of general mathematics students who used calculators
with students who did not, found that students using calcu-
lator had greater achievement and no significant differences
in attitude or attendance were found among the groups.

Lawson34 in a study of the, calculators and altered calculator's
effect upon student precaution and utilization of an

estimation algorithm found that calculator-use did not affect
performance in estimation. Students of lowest ability made

the most errors-when using calculators compared with other
ability levels at secondary school level.

There could be no appropriate word(s) to describe the

problems surrounding the integration of calculator in the

33. Laursen, K.D.: A study of Calculators in High School
General Mathematics ... Unpublished Ph.D. Thesis
Brigham Young University, 1878.

34. Lawson, T.J.A.:- A study of the calculators and altered
calculators effect ... Unpublished Ph.D. Thesis
State University of New York at Buffalo, 1877.
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curriculum than the supcestion reflected in Recommenuation (C)

o+ the keport of the Conference on Needec Research and Develop-

: . 5
ment cn Hand-held Calculetors in schocel mathematlch

Materials should be developed to exploit the cal-

culator as @ teaching tool at every point in the

curriculum to test & veriety of ideas and possibi-

lities pendine emergence of calculator - integrated

curriculum (P.7).

From available research reports there seem to be little
doubt about the computational value associated with calculator
use. Sufficient calculator-pretrainine enables one to work
problems mo.'e accurately, repidly and efficiently. Also calcu-
laters would allow one to complete more problems per unit of time
thus in effect affording ereater amgunt. of practice Suydamzz.
However, for conceptual and attitudinal impacts due to calculae-
tor use, there is less concensus as to what facts can be gleanec
from the research literature, and it would eppear that this is
the issue being raised in this study. Also, at a curriculum
level, there is less agreenent as to what should be done re-
rarding the question of whether to incorporate calculators into
instruction. For those who believe that calculators should be
used in the schools, the question may still remain as to when,

class and level of education for calculator to be introduced

into the school mathematics programme.
2.3 Definition: Concepts and Coricept Learning:

Sultz34 defined a concept as a "bounded region in the
cornitive space which is reacted to as an entity"”.

35. Calculator Information Center: Research on Hand-Held Calculators,
K-12. Bulletin MNo. 9, Columbus, Ohio 1977.

34. Sultz, see copeland, R.l\. iiathematics and its elementary teacher
Philadelphia: V.B. Saunders Company, 1876, 15-65.



Saltz also went tur—her to define concept learning as, "the
association and bounding of “he set of attributes. The first
step in learning is perceiving through the sansory modalities
which 1eads tc bhoth concept fermaticn and concept utilizatinn,
in any teaching and learning or problem solving situations.

Saltz could mean "bounded” here as referring to those common
characteristics which justify the inclusion or exclusion of
anything within the frame of reference of the entity, idea,
objects, event etc. A concept is not fcomed in a vacuum.

This is why :he instructor should provide the learner with

the real object or svent to perceive. According to Bolton35
"concept learning is the process whereby one comes to distinguish
between those elements which are an essential part of the

concept and those which are not”.

Concept learning as a process presupposes the learner is
active, can lustify the characteristics which bound them
together and the words to deccribe them, time is saved as
the learner interacts directly with his environment, and
avoids unnecessary interactior, and can recogn;se and
generalise. For example, a student who has a true concept
of equation will be able to generalise to all forms of

equations be it simple, simultaneous or quadratic.

35, Bolror. N. Concept Formation: U.K.: Pergamon Press
~td., Pp. 84 - 139, 1977.
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When C-.cept 27 2n entity has been formed it has to be
tried out. At this stage, there should be minimum intaraction
between the lecr-er and th. instructor, Ths
need for instructional mazerial would be -'ssential so as to
facilitate the definitive properties of the concept.

Expounriny on problems cf conceptual learning(Eng!eman)36

defined cuncapt as "a set of characteristics shared
by all instances (examplers) in a particular set and only by these
instances” (p.87).. Thus, vh ) the relationship between teaching
and corncept znalysis is made sxplicit, the teaching sequence
cin be evaluated more precisely. Markle 37 defined
Jetines goneet” :-s a class or catagory where all the members
shatz a particular ¢émbinaticn =f critical properties not
sharei by any other class. fagne' defined concepts as
a capatility that makes it possibls for an individual to
icentify a stimulus as a membeir of a class having some
ciarac:zeristics in common, even though such still may other-
wise differ /rom each othar marked.y. There ars concrete
anc abstract concepts. Concrete concepts idenpifies an
otject properly or object attribute(s) (Colour, shape e.g.

rosna, square, blue, three stc.). Abs tract concept

37. Markle, S. M. Problems of conceptu2l learning.
Journal of Education Technolegy ¥ol.1, No. 1., 11:19
13970.




-58~
needs to identify the referents of the languace used in concept
concept definition, to discriminate and generalise. Thereby
the subiect formulates rules as in problem-solving.

For ex==ple, the concept of fruit can be concrete, and
is shzred by all classes of fruit and nothing more. . Here,
most referents to cocncept are noun-like particularly for
tangible objects. However, concepts learned before, during and
after school years vary widely in ways which make generalisations
about them unsafe. concepts which are abstract like
"equation” in algebra can be distinct from other mathematical
concegts.

Hence "language" plays a key rcle in achieving concepts
especially abs* 2c% nnes and in using attained concepts to
learn relatecd _.rinciples and to solving problems. How then
do we learn concepts!

2.3.1 Criteria For Conceptual Learning

A learner who has fully grasped a concept can give two
relevant kinds of responses. He can generalisg to instances
(examplars) and discriminate non-instances (Machner)35.
Generazlisation, by definition, involves a new situation, one
that the learner has never encountered before. Conceptual

learning is therefore easily discriminated from rote learning.
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Concept learning should be taught with examples and non-
examples so that the learner can generalise and discriminate
either overtly or convertly. Teaching concepts would require
a strong focusing strategy on those examples and non-examples
and the mode of generalisation. For mathematical concepts the
use of instructional materials like electronic calculator
could be useful to illustrate examples and non-examples in
worrd-problems. This would allow the learner a greater exposure
to the full range of referents. Lack of sufficient discrim’-
nation or undergeneralisation may lead to the concept not
being learnt. Here adequacy or otherwise of the instructional
strategy would determine whether the concepis have been learnt
or not.

In designing an effective instructional situation in the
school, the learning of concepts is of central concern since
schoal learning is predominantly conceptual in nature. Mode:
ar concept presentaticn and acquisition that could be found
in research literature are comparing "inductive versus
deductive mode”, "rule-example versus example-rule”, and
"discovery versus guided discovery or deductive mode”
(Clark)as,and the amount of time, a learner is exposed to
an example in a critical information processing variable in
concept acquisition (Horland and Weiss)as, Yudin and

Kate .35 In most studies time,has frequently being held
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constant whilcs axploring moce cf presentation. Koran and
F-'rcerw:n:'3 found that for sc.ocl instruction when biological
concepits are beineg taucht o deductive approach is more efficient.
Howevar, as concents hwccome more complex or abstract, and can
contrihute to hicher levels of learnine~ or a wider range of
objectives, inductive method should be useful strategies to

explore (Garne)37.

2.3.3 Concept Formation and Attainment: Concept Learning

Workine on the theory of abstraction Locke 28 and Hume39

stated that concept was formed through a process in which the
person recognizes similarities or identical elements in a set

of objects, the person thus abstracts these resemblances away
fromthe other properties of the set of objects that are not rele-
vant to the concect e.g. conrz2pt of man - features of man.
According to Turner40 once & concept has been formed or attaine
the person will be able to do two distinct things: firstly he
recornise its relevant attributes and secondly he will know

hew they are relatad to one another. There can be three

forms of relationship between attributes: a 'conjunctive

relationship when the concept requires all the re levant

37. Gagne, R.M. Catecories of huran learning, N.Y. AcademicPPress, 1366.
38. Locke, J.: Essay on the Human Understandine. Oxford: Clarendon Press, 1630.
38, Hum., D.A. Treaties of HPuman Nature, Oxford: The Clarendon Press, 173S.

40. Turner, J.: Psycholoey for the Classroom. London Methesven, 1877, p.48.
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attributes to be present. Secondly, there can be disjunctive
relationship when either one or other attribute or both are
present, the concept then exists. The third form of
relationship is the relational one when it is the relationship

between two attributes which cefines the concept. Eruner, Goodnow

and Austin41 made important distinction in learning concepts, that is,

between concept formation and concept attainment: Concept
formation is an inilial creative action which results in the
formatior of super-ordinate classes or abstract categories.
However, concept attainment is more often of interest to
teachers and this means the activity of finding examplars of
a concept which is already in the mind; or attempting to
reconstruct the concept that is already in someone else’'s
mind. Concept formation is more of the fundamental process
while concent attainment is the more familiar, which teachers

examine on tests.

For attaining concepts, Bruner et. al.41 itemized the followings:

(a) identifying objects

«b)  reducing the necessity of constant learning,
(c) reducing the complexity of the environment
(d) pr-oviding direction for useful activity, and

(e) .rdering and relating different types of events.

41, Bruner, J. Et. al.: A Study of Thinking: New York;
Wiley, 1956.
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Concepts are therefore, building bleocks for understanding
after corruzct percepticn has been made, and using principles

which in turn, are critical in sclving problems.

PROBLEM
SOLVING
CREATIVE ,
THINKING

I

PRINCIPLES |
-
:

2
A2
<
o)
o
<
o
P
)

| CONCEPTS : [
/p
l
I
|

ool

FACTUAL INFORMATIUN
(Correct Perception)

Fig. 3: Seguantial bases for learning various cutcomes
(Adapted frcm 8runcr, J.S. Creative Thinking)

Language plays a key role in
achivving corcepts ani in using attained concepts toc learn
related principles and to solving problams. Firom the
sequential basis one can dcfine concept as ordered information

about i9e unaractaeristizs of onz or more things - objects,
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events or processes that enables any particular thing or
class of thin~s tu be diiforencicted from alsc related to
other thingrs or clzises. Concapts can therefore, be thought
of as both mental constructs of individual and also
identifiable public ontities (8runer)41.

Each individual attains mental construct or concepts
according to his unique l!earning experiences @nd maturation
pattern. Once attained concepts play a key role in his
thinkine abcut the word in a languare, and in the intellectual
erowth., Concepts are the fundamental agents of intellectual
WO R,

2.3.3 Associative Versus lMediational Theories of Concept
Learnine

The simplest theory is the asgociative aone which sees
concept le:scn -z as a matter of associatine positive and
negative instinces of stimuli, to reward or punishment. For
example, in developing the concegpt of @ bird the subject can
associate pictures of birds with a positive responses whereas
mediational theory says the subject uses covert cues with

which he organizes his behaviour.
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STIMULUS MEDIATIONAL RLSPCISE AND NCW STINULI RESPGONSE

2

(FIGURF) - R1 umber - 3 - 31 + 1=
YELLOV
(COLOLR) = Ry Colour - Yollow - S2 + 1-
SQUARES
(SHAPED - RB Shepe - Saquare XS + 1-

Fig. 4: Mediaticnal ilodel (Adapted from Turner, J. in Psychology
for t'z Classroom. London: Metheuen 1977, p.48)

Some theorists, especially those within the S-R.
tradition, rerard associstive learning or conditioning as the
major, if not the only form of learning . While some have
brought in connectism '0’ i.e. S-— 0 —> R:S for stimulus,
R for responsz, and :0 is believed as a set of concepts or
mecdiators in lsarning others have sugrested that there are
types of learning, some more advancer than others, and that
associative learning occurs at early stage in development
but is supersedecd by structured or cognitive'learninz
(Bolton)ss.

Kendler and Kendler35 maintained that two theories
are necessary to explain concept learning. A single unit
S —> R theory to account for the behaviour of animals arnd

children who cannot make use of symbolic mediation, a n d
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mediational S — & theory tcr older children ang adults.
Higher-order coicept foruation would cepend on:35
(i) crcanisaotion of the material to be learned
(ii) the motivation fcr cencspt learnins and

{iii) creativity in formation and

(iv) individual differences.

2.3.5 [PPathematical Concept Formation

Psychologists who have investigated mathamatical
ccncept form:tion have identified the inadequacies of
traditional " stilulus-response” learning thecry, and the
need for a theory of structured learning. Sigqsss
asserted the necessity of constructine theory which will
account for the process by which the learner acquires
meaning or structure, rather than a response o r action

Draws upon Piaretian theory for this purpose, Skemp 35,
distinquishes between primary and secondary concepts:
A primary concept is derived from other concepts; f o r
instance, some mathematical concepts, such as "three”, are
primary, since they are formed through inspection of
collection of three objects while others are secondary

for they consist of ~eneralizations about the properties of

individual members. Thus, 8 x 7 = 56 is understandable on
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the primary conceptual level, whilist 8(x + y) = &x + 3y is
a secondary concept. Skemp believed that many of the
difficulties experienced in mathematics learning stem from
the transition from primary to secondary modes of representa-
tion and understanding, ana he proposed a schematic theory
of learning to account for the way in which successful
instruction should progress from structured primary to
structured secondary knowledge.
However, Dienes35 argued for the existence of a
number of stages in mathematical concept formation. In the
first state, the person’s behaviour is playful and haphazard,
at the second stage it becomes more regular and purposeful,
It is confined to practice in handling situations in
which the rule-structure of the subject matter is relevant
and results in a more or less unconscious stamping-in of the
rule, At the third stage, analytic thinking about the rule
becomes possible, and it exists now as an object of thought.
Thereby forming the basis for the conceptual attainment.
Dienes' apparatus consists of the Multibase Arithmetic
Blocks which is structured in geometrical progression and
these blocks are used to teach place-value in number system.

How do we “each concepts to pupils today?
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At the present time, there are a number of different
methods in use in the classroom for teaching mathematical
concepts. Therz sre the traditional methods with their
emphasis upon repeiition, the early use of symbolism,
computational efficiency and extrinsic motivation. In
contrast to these methods, is discovery learning in which
the aim is to motivate the child to develop understanding
on the basis of his own experience, and the emphasis is
upon wide experienrz, the gradual introduction of numeriral
symbols only after concrete experience with numerical
relationships, problem-solving rather than computation and
intrinsic metivation. There are other specific methods, such
as Dienes Blocks and Cuisenaire rods, for use in the develop-
ment of certain basic concepts. In Britain, the Nuffield
Mathematics Project, following closely the ideas of Piaget,
developed techniques of instruction and methods of
assessment for a wide range cof concepts, for example, tran-
sitivity, conservation etc.

However, Biggs35 hypothesized that thé trcditional
methods of teaching should be mere successful wit'' respect to
tests of mechanical arithmericé, . whereas structural and
possibly motivational methods would surpass the traditional
methods when conceptual understanding rather than rote

learning, was demanced. In fact, he found very little
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difference in the aerformance of children, whether
imechanical or cecnceptual who had been trained by traditional
abd uni-moocl, structurzl methods, although there was

tendercy for the wore intellizent children to benefit from-

uni-model (i.e. Mienses' rathod), as apainst the less intelligent.

2.3.5 Researches in Concepnt Learning

On a project cerried out by Harris and Harris43 on
concept attainment abilities they found that achievement in
lanruage arts and mathematics was related to three abilities -
numerical, wor+ fluency and memory. Piland and
Lemkaes studied the effects of sbility crouping or concept
learning. They investigated the effect of conceptual training
and transfer of ability grouping cn intczllisence, sex and
temporal tests. Pesults indicated that (a) ability grouping
has no significant effect on concept learning under any
effect of the variables of the experiment and (b) high ability
subjects (studenuts) are better able to obtain mathematic
concepts than medium ability or low ability susjects. The
non-significant effect of ability prouping is seen as an
important findinp in the light of its present emphasis in
our secondary schools,. "ost of our secondary schools

today eroup theii students into Science, Arts or Commercial

43 Harris and Harris. Concept Attainment Abilities Project.
Journal for Research in Match Education (JMEE)
g(5). 1878, 334 - 33b.




classes based on the students performances in form three.

This would reise issuas whcther such grouping has any significant
effect on the results of schools in the West African School
Certificates Examinations. The results = cited in this study
found the effect as non-significant in a controlled experimental
settinz, but one wonders whether an effect that is not
significant in 2 controlled setting will work in the school
setting.

Studies have a2lso been carried out on the teachines of
concepts in schocls. According to Cook27 students receiving
both positive and negative instances (¢ ~-3;lars) in teaching
mathematics conceyts did sipnificantly :tter on an algebra
concepts tests than those riven only positive instances . _
Studies in the organisation of content elements in instructional
materials has lono been an important issue in educational
rlanning (Ausubel, Bruner, et. 31)44. From research findings,
an emperically based set of instructional desipn strategies has
been developed to oreanized content elaments in concept
teaching (Klausmeier, et. al.)4s.

These desicn strategies include (a2) the relationship

44, Ausubel, D.P. et. al. Educational Psychology: A Coenitive
View, New York: Holt, Rinehort, and Winston,
1866.

45. Klausmeier, H.J. et. 2l.: Analyses of Concept Learning.
New Yirok: Academic Press, 1360.
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between examples (b) the relationship between examples and
non-axampless (c) the ordering of examples and instructional
help, (d) wevseloping a procedure for selecting an appropriate
number of examplies, and (e) the relationship between co-ordinate
concepts. Carrcll and Methner45 regarded concept learning as
‘the identification of concept attributes which can be _
generalized to newly encountered examples and discriminate

examples from non-examples.

2.3.6 Facilitating Concept Learning

In the instructional process for concept learning, a
definition of the concept should be presented in terms of
its critical attributes between the examples and non-examples
(Tennyscn]4s. Johnson and Stratton'sds study demonstrated
the effectiveness of definition in concept learning. The
results of this study indicated that students who were eiven
e definition rarformed significantly better on classification
of new examplus, definition of the concept, §entence completion,
and selecticn of synonyms. Klansmeier and Feldnan45

found that a definition

46 Tennyson, R.0O,, et. al.: The Teaching of Concepts: A
Review of Instructional Design Research
Literature. Review of Education Research
50 (1) 55-b67. 1980.
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provided about the same amount of learning facilitation as
one rational set of examples and non-examples. Markle and
Tiemann's46 study showed that a concept definition best
facilitates concept attainment when stated in terms of

critical attributes of the concept.

For instructional process Tennyson and Park46

proposed a four-step process for concept teaching:
(1) The taxonomical structure of the content should

be determined. The three levels of concept
structure - super-ordinate, co-ordinate, and
subordinate - should be analysed with identification

of critical and variable attributes;

(2) A definition of the concept should be prepared in
terms of th2 critical attributes and a pool of
examples should be prepared on the basis of
criticel and variable attributes;

(3) The examples should be arranged in rational sets
by appropriate manipulation of theattributes.
Within a rational set, containing one example
from each co-ordinate concept, the example, should
have similar variable attributes,

(4) The presentation order of the rational sets should
be arranged according to the divergency and
difficulty level among examples of the concept,
thc presentation order of the examples within the

ational sets should be decided according to
ljpdnite information about the learner's knowledge

state (p.65).
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Some of the following “actors identified by Klansmeier,

Ghatala and Frayer‘46 could affect concept planning:

(1) cheracteristics of the learner, (2) characteristics of
the instructional situation -nd (3} characteristics of the
concept.

Obviously, the learner's age and tc some extent, ability
will affect concept learning, but Klansmeier and his associates
gave reasons for ability being more important. They quoted
Wiciott's46 results that children who scored highly on
mathematics testc scored more highly on a test of concept
mastery. Klansmeier and Neirke45 listed six functions of
instruction in concept learning (1) tc acquaint the subject
with the structures matsvial; (2) to acquaint the subject
with the response desired; (3) to inform the subject of
2 strategy or method to epply for the solution of the task;
(4) to provide substantive information, (5) to provide a
set of relevant inforri-tion examples) and (6) to change the
level of motivation of the subject (pupils).

The extent which teachers use instruction which fulfil
these purpores will determine, t h e success

of their pupils in attaining the concepts, that is, the more
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relevant dimensicns thers are, the more difficult it is to
attain., Similarly, abstroct concepts are more difficult to
learn than concrete ones (7:ad aad Eick)47. It is necessary
to consider these tactors as well as cbjectives, instructional

materials and methods cf assessment in concept learning.

2.3.7 Attitude Towards Mathematics

In the last few decades educators have become more and
more concerned with the affective outcomes of educational
programmes. Many teachers believe that a student's
attitude towe:rds a school subject will affect that student’s
achievement in the subject (ilichaels, Forsyth)a. Teachers
generally are interested in pupil's attitudes towards the
subject they are teaching; teachers of mathematics are parti-
cularly concerned about pupils feeling about their subject
because mathematics hes a reputation for being unpopular.
Zacharias (in Timaz, 19768) contends that fear of mathematics

is widespread amaong sciool children.

From the above comments, it would be difficult to over-

emphasize the importance of attitudes in school learning.

47. Reed, H.B., end Dick, R.D.: The learning and generali-
zetion of abstract and concrete concepts.
Journal of Verbal Learning and Verbal Behaviour,
/7, 425 - 430, 1968
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If tlafire* place, it is so evident to the classroom teacher,
t hat the students attitudes toward his subject-matter,
toward cooperating with him 2s the teacher and his classmates,
towards attending school, toward giving cttention to the
communication presented to him and toward the art of learning
itself, are 2ll of great importance in determining how
readily the pupil would learn.

According to Gagnr:v."hq the school aims-to inculcate
in the pupil sowe attitudes 3s a result of teaching-learning
experiences. Attitudes of tolerance, honesty, good citizenship
ere ofte~: me:.lioned as vocals af cdu__tion in the schools.
Whalzver the particular content of 2n attitude. it functions
to affect "approaching” or "avoiding”. In su doing, an
attitude irfluences a large set of specific behaviours of
the individual. What therefore is attitude?

4 ; :
Canpboll ° defined ~ttitude as "consistency in

responsa tec sccial objects”. According to Allport:” "an
attitude is a ment=2l and ncoutral state of readiness, organized
through experience, exertinr a directive or dynamic influence
upon the individual's respense to all objects ond situations
with which it is related”(p.56). Since human beings do exhibit

attitudes hence attitudes are complex states or predeposition

or human beings which affzct their behaviour towards people,

“4# Gagne', R.M.: Principles ot Instructional Design 2nd Ed.
New York: Hol'~ Rinehart and Winston, Pp. 55-738; 1376.




-75_
N ] i . 48
things and events (Gagne' and Bripgs) . Many investigators
have studiad and zmphasi~~d in their writings, the concep-

3 i 49
tion of =n ~ttitude as a ~ystsi of beliefs (Fishbein) "7, or

as a state crising from o conflict or disparity in beliefs

-

(Festingar)ao. Thes¢ views serve to point out the cognitive

aspects of attitudes. Other investigators deal with the

affective components, the feelings given rise to or which
accospany them as in liking and disliking.
Attitud=zs relating to learning outcomes in the 'affec-

tive domain’' are described by Kruthwohl, Bloom and Masia51.

Certain attitudes are related to action as a result

of invigorated emotion. Hence, what action does the attitude

support? /. attitude influences a choice of action on the
part of individual. According to Gagne' and Briggs4e
attitude is an internal state which affect an individual

choice of action toward some object, person or event. Such

action has led to attitude crisis. Attitude crisis may

exist in mathematics learning among teachers, pupils and

in society at large. Burton52 suggested that crisis of
attitude among mathematics teachers is displayed in a

number of ways the most common of which is confidemce- failure.

49, Fishbein, M.A. Current studies in social Psy., N.Y.:

Holt, Rinehart & Winston, 1965.
50. Festinger, L.A. Theory of cognitive Dissonance: N.Y.:
Harper & Low, 1857.
51. Krawthwohl, D0.R, et al. Taxonomy of Educ. Obj. Handbook
II: Affective Doman, New York: McKay, 1964.
52, In Morris, J. Math Anxiety: Teaching to avoid it.
i e s e bl S S LS bl O T E LN A2 _AY2 1 QAY
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Insecurities which can be traced back to their own experience
af mathemati.s ii- zcihool. The crisis of attitude among children
can elmost ce icentified by nerformance - failure and dislike.
The crisis of attitucde in society is generally seen in the com-
plaints of, for example, employers, that school leavers are not

numercte or students perform btadly in external examination or

children cannot "add"s2

2.3 Mathematics Learning and Attitudes

Learning of mathematics cannot be divorced from the way
the subject is =aught in schools. fany psychologists have
considersd how children learn mathematics. One school of
thought is that cf behaviourists., Their premise is, "Provide
proper conditicning and you can eet human beings to behave in
any way you want”, This view is represented by B.F. Skinner,
Robert Cagne, 2. al.34 However, another school of thought
is that of the :izvelcpmental psycholorists as represented by
Jean Piaget. Thzy both differ in their approaches on how
mathematics should be taught. Those favouring learning by dis-
covery or invention: like Piaget and Bruner53 advocated maximum
opportunity for physical exploration by the student. Hence,
solutions for problems and generalizations should result from

the stucent’s own action on his environment, and fron his own

mental operations.

53. Bruner, J. et. al.: The Process of Education, Cambridge,
Massachusetts; Harvard University Press, 1962.
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Those preferring puided learning as Cagne' and 5kinner,qc
emohasized the impurtance of curefully sequenced instructional
experiences (information processine) through maximum
cuidance by th: teacher and/or instructional material. .
Dasic "associations” of facts are stressed. Here, association
refers to the familiar stimulus-response of S—3R machanism.
¢ontrcl the stimulus to obtain the desired response. Cagne’
emphasized task znalysis-what do you want the learner to be
able to do? The capability must be stated specifically
and behaviourally. * Piacet prefers "assimilation and
accommodaticn” to controlled associations of stimuli to
resgonses.

It should be noted that the logical processes involved
in mathematize must be based on the psychological structures
aveilable to the pupil. These structures would change as
the pupil matures physiologically and neurolorically, and as
the child has the necessary experiences in the physical world.
These experiences must invelve actions performed on objects
and communication with other people such as the teacher and

pEeer group.



2.3.9 Researrch in Attitudes

“ransell, Brooks and Petry54 studigd ability
grouninge in mathematica achieverent and pulils’ attitudes
toward mathematica and they found that self-concept
appeared to decrease as placement within the ability
groups decreased, with the high-ranked pupils in the high
level class having the highest scores. In the same study
by Brassell, Brooks and Pstrys4 the low-ranked students
in the medium-level class appeared tc have the lowest
self-concepts of all. While anxiety and self-concept
do not only inversely correlate to each other, they may
be related to the learning context. Finally, the group

found thot mathematics solf-concept and mathematics anxiety

54, Brassell, Anne, et. al: Ability Crouping, Mathematics
Achievement and Pupils Attitude toward
mathematics. Journal for research in
mathematics educaticn 1104), 19680, 111-118.
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app2zr to “e important ceorrelates of mathematics
achievement. Ouina3 'stuciéd the casual
relationship between mathematics achievement and. attitude
in grades 3 tc 6 and found some significsat correlations
between attitude and achievement of elementary school pupils
Schofieldss on a study cf teacher’'s effect on
cognitive and affective of pupils' outcomes in elementary
schoo)l mathematics found that high achievement and high
attitudes of €eachers were each significantly related to
high achievement in pupils, but related to least
favourable pupil's attitudes toward mathematics in grade &
(elementary school). It would aposar that most research
findings tend to corpelzte achicvement to attitudes: That
pupils with hizh achievement tend toc have pecsitive attitude
toward the subject and vice-vzrra Im addition, self-
concept and enxizty have significant eifect on pupils’
mathematic: achievemsnt and attitude. This only sugeests
that teachers must attend tc self-concep: enbancement and
anxicty reduction in mathematics. The cerrelation between

attitude and achievement varias not only with grade level

55, schufizld, H.L.: Teacher Effects on Cognitive and
Affective Pupil Outcomes in Slementary School.
Journal of Education Psychology. 73: 462-471,
1987,
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but also with the sex of the student and is generally
somewhat higher for girls. Thus, girls’' mathematics marks
are more predictable from thei. attitude than boys' marks
(Behr) 8,

2.3.10 Instructional Design and Attitudes

How can one design instruction to facilitate or elicit
attitude change or formation? Certainly the method of
instruction to be employed in establishing desired attitudes
differ considerable from those applicables to the learning
of intelliectual skills and verbal information (Gagne')48 .
While McGuire57 identified the use of persuasive
communication, Skinner18 s u.g gested the idea of
arranging contingencies of reinforcements by some preferred
or rewarding activity. Teachers of mathematics should use
instructional strategies such as incorporating learning
rgsourcas like calculators which could tend to reduce
corputational problems and thus limit mathematics anxiety

in pupils. The use of calculators has been found to be

enjoyable and motivating to pupils in the classroom (Suydam)?2

Hence, this and cother activities perceived to be enjoyable

and motivating may be adopted to reduce pupils anxiety.

56. Hehr, A.MN., Achievement, aptitude and attitude in
Mathematics, Two-Year College Mathematics Journal
4, 72-74, 1978.

57. McGuire, M.J. Handbook of Social Psychology. 2nd Ed.
Vol. 3, Reading Mass: Addison-Wesley, 1969.
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In adcition pupils' attitude toward the teacher may
be important in the fermation of mathematics attitudes.
Teachers should therefore, be aware of the fact that at
this critical period of attitude formation in high school
the teachers' attitudes toward mathemztics and their pupils
are importan* and may be the determinants of pupils’
attitudes tcward mathematics. It may not be a new phenomenon
that a large segment of the population fears mathematics
(Gaugh, Kogelmsn and warrenlsa. What Ean be d o n e?
The followii . consti..ctive techniques and strategies can be
helpful: (1) creating a positive, supportive classroom
atmosphere - for example, 2 teacher who takes time to listen
intently while a pupii asks a questicn, and responds with a
willingness to explein, will creatz an atmosphere in which
students feel at ease asking questions. The math - anxious
are especially sensitive to criticism and pupils with a low
self-concept are rzluctant to take risks (Mnrris)se .
Hence they do not ask questions » (2) Thare is need to stress
understanding of the thought process. The prbcess and
product aspect of mathématics problem-solving are important.
Too much emphzasis should not be placed on one to the
detriment ci the ather. Pupils should therefore be

encouraged to think; (3) The teacher should dispel the

"*5¢, Morris, J.:-Hath Anxiety: Teaching to avoid it.
Mathematics Tz2acher, NCTM, 74(6) 413 - 417, 1881.
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'mathphobic' in his pupils. If the teacher is not afreid
to s¢y he 'does nut know' when it is the honest answer the
rupiis would have confidense in the ability of the teacher,
The impression that the *eacher knows all the answers should
be dispelled because it creates defeatism on the part of che
pupils especially the weaker ones. (4) Provide new positive
mathematics experiences. (5) Use appropriate instructional
materials to teach content. (&) Make sure each concept is
understood before continuing to new one. (7) Reduce tension
and pressure in mathematics classes. (8) Give positive
feedback on written tests, (8) Teachers should not only be
sensitive but determined.

Apart from esbove sugeestions, anxiety which is a learned
response to a ne~ative experience according to ."iorris55
should be preventec. Thus, the atove technicues and strateries
can be tried by tecchers' of mathematics esc &s to reduce
mathematics failure in our schools. It would be appropriate to
subject each of thes above surpested stratepies or techniques
"to empirical studies so ac to cdetermine the their.efficacy or

otherwise on concept learning and attitudes in mathematics. .

2.4 Calculator and Other Instructional PCevices

Researches on instructional technigues and materials

88. Jlorris, J.: Math. Anxiety: Teaching to avoid it.
i‘fathematics Teacher, NCTM, 74 (5) 413-417, 1981.
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such as programmed text/instruction, individualised
instruction, computer-based instruction etc. have been
carried out and their effects on the Leaching-learning process
do produce interesting results. Tne results of researches on
programmed instruction on teaching and learning of mathematics,
(for example, Abimbade60 in a study on relative effectiveness
of programmed instruction to traditional method of teaching
secondary school mathematics) showed that the p:rogrammed
instruction group did achieve significantly better results than the
traditional group. Kalajaiye61 carried out a study on the
individual difference to programmed material in the new
mathematics and found that programmed text was effective in
changing the attitudes of pupils towards the new mathematics.

Balogun et. al.80 Adcwakunso and Dkunrctifaso have all
reported positive results in favour of programmed instruction,
-Jurgemeyer62 also - got peositive results with programmed
instruction vis-a-vis the advant of new directicns in media

technology such a2s Videc discs, interactive Video and micro-computers.

60. Abimbade, A.: The relative effectiveness of Programmed
Instruction to the traditional teaching of secondary
school mathematics. Unpublished M,Ed. Dissertation,
University of Ibadan, 1983.

A1, Kalejaiye, A.0.: Individual differences to programmed
instruction in t.e new mathematics, West African
Journal of Education, 15 (3) Oct. 1977.

62. Jurgr neyer, F.H.: Programmed Instructicn: Lessons it can
teach us. Educational lechnology, 14-49, May, 1982.
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Crau.‘o:-d63 repeoried more favcurable attitudes towards
mathematics as =z rrnsult of computer-assisted instruction
with szventh graders. EBut working with the same group,
Johnson64 found no differential increases to positive attitudes
toward mathematics. It would appear that little studies are
available comparing the use of calculators and other instruc-
tional devices. However, interesting results relating to the
use of computer’s in mathematics instruction .yould be discussed
so as teo identify those areas applicable to calculator-use.

2.4.7 Computer Based Instruction

Computzr-based instruction is used here purposely to
encompass a broader spuctrum of computer applications:
computer-assistad instruction (CAI), anc cemputer-managed
instruction (Ci’I). Computer-essisted instruction implies
the concept of tutcrial instruction, drill and practice,
presents instructional material to the learner, assepts and
Jjudges responses from the learner, provides feedback and
alters the flow of subsequent instructional material on
the basis of the lear-neir’s resnonses whereas the computer-

manapged instruction relies principally on the record-keepinsg

and summarisine power of the computer, However, one's

63. < rawford, A.N, ancd Johnson, F.E. see Aikan, L.R., 1In
"Upilete on Attitudes and other Affective variables in
luarning mathematics” Review of Educational Research
45(2), 253 - 211, 197€.

G4, Johnson, R.E.: The effect of activity oriented leascn on
tre achievement and attitudes of 7th grade students
in mathematics. Dissertation Abstracts International
19714, 32, 3C5A.
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emphusics (1n thaz r=2vaon shall be the cornuter-assisteod
instruction which i3 vore rclevent to the objiective of ths
sresent studv,

2.4.2 Evolution of Cciputer-Assisted-Instruction (CAI)

Followin~ wwin<line interest in proqrénmmd learning
and with the e.orwent of new technolovy, educators have askeu:
liovi far has escucation/instruction been individualisec with
the new tzchnolory like computer? Burns and Bozeman65
proponents of .CAI asserted that computer's support for the
instructionzl nrocess offered the promisz of creater student
achieverient, more 2 ficiznt use of humen and material
resources, irmproved ettitudss towerds the learnin~ process,
anc enh2ncer ent of quality education in general.

fmnng th. first users of C.A.I. were :embers of the
Cownuter lndus©ey vie, .in the late E0’s used conputér-bases

\ - Go
eir cun pcrsunnel (Suppes and lacken) .,

2B
a

instructor to frzin
Educator’s interaest focussed cn progracmed instruction as a
means toward inddividiuelised instruction. Edqcationally, B T
was an almost natural corbination of emerging conputer

technolory and the programmed instruction movement

(Scheen and Hunt)“’. Armong the early C.A.I.

t5. EBorns, P.K. anc¢ tezewen, Y,C.: Computer-Assisted Instruction
anc ..2ths.etics Achievement: 1Is there a Relationshis
EﬂUCJLlCM;l Technoloev, 1201

6€. Sunpes, P. et. 71, Instituticn Por athematical Studies in the
Social 3ciencas, California, Standford University, USA, 15.7.

J7.  Schoen and Hunt: I Burns and Snzeman. E:ucational Technologv, 1521,

Y



models tn emerge was the Standford Project*. It began in 195:
and  its orizinal aim c.ntred on the achievement of a small
tutorial system intanded to provide instruction in elementary
mathematics and language arts. It went through different

phases such as Stan ford Crill-and Practice System. There

were other projects like The Individual Communication §ystam
(INDICOM) launched in 1867 in the Waterford, Michigan School

District; then PLATO (Programmed Logic for Automatic
Teaching Ooerations) System which originated in the co-
ordinated Science Labrratory at the University of Illinois,
U.S.A.

The PLATO Project has also gone through many phases.
For example #LATO IV system (1961) which continues to be
cperaticnal, supports several hundred terminals at dis-

persed iocations. Cach terminal site is provided access to
a central lesson library. The powerful and relatively facile

author Language of PLATC called TUTOR accommodates simul-
taneous system time sharireg by students and teacher as lesson
materials. The projects hcve, at the elementary and secon-

dary school levels been concesntrated in the areas of mathe-
matics and language arts. There are many other systems all

over the world but it zppears that .the Nigerian educational

systems has not been able to catch up with these new tech-

nological approaches to education. This may probably be due to

* Under Patrick Suppes at the Institute for Mathematieal
Studies in the Social Sciences at Stan 'ford Univer-
-~ sity, U.S.A.



the cost of computer hardware v/hich is generally very
expensive.

2.4,3 Pedagogical effectiveness of CAT

Published studies comparing the effectiveness of CAl
to traditional instruction report conflicting and incon-

clusive results. Most studies, however, generally conclude

that an instructional programme supplemented with CAl is
at least as effective or more than a programme utilizing

- - - N 68
only traditional instructional methods (Magidson)

Research in the area of CAl effectiveness has typically
investigated one or more of five criterion variables?

student achievement, student attitudes toward. CAl and

towards subject-matter, time-savings relative to unit
completion and/or mastery learning, learning retention

and cost factors. Results of a review of research lite-

rature on CAl effectiveness on the above criteria as

5
compiled by Edwards et al g are as fTollows:
(1) All studies reviewed have shown normal instruc-

tion supplemented by CAl to be more effective

than the normal instruction alone?

(ii) then CAl was substituted, in whole or in part, for

traditional instruction, 45 percent of the studies

63. Magidson, E.M. Issue overview: Trends in CAI
Educational Technology 18(4), 1978, 5-8.
69, Edwards, J. et al. How effective is CAI? Review

io. 5. 1975.
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demonstrcted zreater achievement by CAI students,
while 40 percent found littlz or nc difference;
15 pcrecont showsc mixed results.

(ii1) Baszd on available results, it cannot be concludec
that any given CAI mode is mire effective relative
to student achievement, than other modes.

(iv) CAI has been shown to be equally effective relative
Zo student achizvement, when compared with other
non-traditional instructional methods.

(v) All studies showed that it took less time for
students to learn throuzh CAI than through other
methads.

(vi) There is mcrz evidence that learning retention
levels of CAI studerts may not be as high as those
of traditicnally taught students.

Most of thz' researches reviewed in this study came from United
States of Americe’ whicéh appear to be the only country that
has the largest publishec work in computer-iﬁstruction.
There are nc available records on computer inst-uction
research in this country except the work of Ohucha om
comput-r's utilization in Nigerian Universities with
guidelines for improved utilization (Columbia University,
Teacher College, 1981). With the advent of t.chnological

approaches to 2ducation and instruction in Europe, U.S.S.R.
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and America, there was rer2wed interest in student reactions

to instructional *echniqi:~. Scveral studies have reported
students' aititudas towarc computer-assisted Instruction

Gy g o z 70
(CAL) (3rown, Filip and Murphy)

2.4.4 Atvituces and C"I

Attitudes are probably Jependent on the kind of experience

individuals have with instructional device. Resenberg,

Rezuikoff, Stroebel and Ericson’l reported that nurses atti-

tudes “cward somguters became favourable after they had

actually worled with computer. Wodtke’? found that

these students who performed well when instructed by a com-

puter had more favourable attitudes toward it than those
students who performed poorly. He concluded that favourable
or unfavourable attituces cf students toward a teaching
method could be tho result of their experience with the
particular method of instruction.

Mathis73 found that College students génerally have posi-
tive attitudes towards compL*ers when exposo” to FAI. It w=s

alsn found that tho CAL has a major edwantage over other teaching machines or

70. Brown (1967, Filip and Murphy (1967). Communications,
Mass without meaning. Educational Technology, April
15, 1967, 4-5,

71. Rosenkerg. M.J. et al. Developing effective Instruc-
ticnal manuals and computers. Educational Technology,
Jan. 1967,

72. Wedtlie, R.C. Computers and Learning strategies.
Educational Technology, Dec. 1965, 1-5.

73. Mathis, A, TCollege students attitudes toward CAI,
Journai of Educational Psychology, 61(1), 19870,
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programmad texts in that students can branch immediately to
easier materials if they begin to make many errors (Suppeslss-
- Most of the studias showed favourable attitude
toward CAI, but, would the use of calculator generate such
favourable attitudes? It would “zJe buon possible to infer
the result of such investigation but this may not be so until
empirical study integrating the use of calculator into
instruction is carried out. However, from studies so far
cerried out there are e'idences on the positive note for CAI.
For Hansen et'el75 in "What Teachers think - Every high
school graduate should know about Computers” found that
tezchers supported ~he icea that students should have some
minimal urnderstanding apout computers, but the extent of
coverage of computer topics was minimal Kleiman, G. - and
6tr5;£78working an microcomputers and hyperactive children
found that children dicd almost twice as many exercises with the
computer as thasy did with paper and pencil, although no
diffeeences were found in proportion to correctness or time

77
at a;es 6 - 14 years. De-tlasz2o’ studied attitudes =

towarc computers in High School mathematics courses and found

75 Hansen, T.P. et al. What Teachers Think Every High School
traduate shculd know about Computars. School Science
ard Mathematics 81: 457-472; October, 19817.

78 Kleimair, G. et al. Micro-computers and hyperactive
ciildren in Creative Computing 7: 93-94; March 1981.

77 De-Blassio, J.K. and Bell, F.H.: Attitudes Toward Computers
in High School Mathematics Courses. International
Jaurnal of Mathematics Education in Science and
Technologx. 12, 17-56, Fab. 13981.
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positive correlations betweein students' attitudes toward
using a computer and attitudes tcward mathematics and
instructional setting, plus achievement variables for

grades 11 and 12. These results are quite significant
because it relates effects of compute on mathematics
achievement and attitudes which has a good bearing with

the present study. However (:asnezjB in a study of attitudes
toward mathematica of eighth grade students receiving
computer-assisted Instruction and students receiving
conventional classroom instruction found no significant
differences in attitudes toward mathematics between

girls using or not using CAI, but boys using CAI showed less
negative attitudes towards mathematics at secondary school e
Ray79 studies the effects of computer assisted test
construction on echievement in first year algebra and found
that students using the computer assisted test with repeat-
able testing achieved high score than students taking a
traditicnal coursz at secondary school level. Not only is

.

the computer used for testing but Sears80 compared

8th Grade Students recejving CAI and Students
receiving conventional classroom instruction
Unpublished Ph.D. ThesisA'Univeréity of Kansas 1977.

79 Ray, K.L. The effects of Computer-Assisted Test -
Construction on achievement in first year algebra.
Unpublished Ph.D. Thesis, University of Southern
Calfornia, 1977.

80. Sears, L.0. A problem of the Effects of Teaching a
Course in algebra II and Trigonometry via Traditional
Method end Other Methods. Unpublished Ph.D. Inesis,
University of Houston, Texas, 1977.

78. Casner, J.L.: S Study of Atﬁi:udes Toward Mathematics of
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scine teaching methods in solving algebraic and trigomometrical
problems and found t!at there were no significant differences

in achievement between the methods including computer-

assisted instruction at the Secondary Sc'20l. However,

vincent®' studied the computer's capabilities

a nd effects of supplementary computer assisted instruction

on the mathematics achievement and attitgda towards o
mathematics of high school studantsjiAHE gbungzéhat studants s

using CAI crill and practice programme had better achlevemant

and attitudes than those not using CAI at grades 8 -‘12.

Essentially, most of the studies reviewed have demonstrated some

relationship between . 'mputer and mathematics. It would
appear fr-m research literature that mathematics instruction
can be facilitated with the uwe of comjuter. Before any
conclusion can be made it would be necessary to establish
the hacis for computing in mathematics instruction. The
process tor mathesmatical comnutation shall be cdiscussed so
as tu elucidate on the place of calculators and computer in

mathematical computations.

81 Vincent, A.T.: The effects of supplementary CAI
on the mathematics achievement and Attitude in
MR High School. Unpublished Ph.D. Thesis.
University of Cincirnati, 1977.
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2.4.5 Computers and mathematics

Electrcnic caiculators like computers have speed,
internal memory but requires human direction at esach step
in a computational routire. Thz electronic calculators
have limited facilities in terms of stored program. The
stored progra... characteristically marks the difference
betwssn computers and electronic calculators. Computer's

atored program usually includes logical tests to determina

b"which of many possibla program steps should be taken at
important junc*ures in the program, ' ugz-
Thus, th.: stored program is nist just a sequence of
steps to follow in computatirn of computer programming but
typically includes all pcssible paths that computation might
take within the scope of the problem, being programmed.
Computers and other calculating machines owed their
develnpments to the works of nineteenth century English
mathematician Gesorge Boole32 anc¢ his "Algebra of logic”
popularly called Boolean Algebra which represents logic in
mathematical symbols and provides rules for calculating the
truth or faisity of statements. Other works were those of
Herman Hollerith on machine purchased-card while Howard
Aiker in 1937 deszigned a machine that could automatically

> . p 1
nerform a sequence of ariihmetic operations. However, the

B2. Boole, Georgz: The Laws of thought, 1854.




remarkable work by Charles Babtage in 18121 who devised a
machinc railed a "divferer rial machine” which could auto-
matically perform simnle computations needed for trigono-
metric and logarithnic tatles. It was his invention of
analytic engine which led to todays switching networks and
internal storage for data processing.

Electroaic calculator like computer is an important
technologiral advancs because it extends and expands the
capabilities of man. Unaided, man is rather "puny”.

Variety of-computers/calculators have reduced or eliminated

druggery conrected with extended computations. Calctilator
or computer ranrot perform any operations which cannot also
bte performed by human beingz but the calculator or computer
can operate ot very hieh srmceoa, store and retrieve data at
high speed Howev=r, man can reason Eeuristically and he
is best suitec to think, resson and discover:; whereas a
computer is hest adapted tc calculate, manipulate and
compare at verv supersonic cn2ed.

To every rathematical preoblem there is, a solution-
process (See Fig, 5). Once a problem has been identified
in the reel-.srld, the objectives of a solution-proeess are
defirzZd, Fi1 eclution, some szbstraction based on human
interpretations weould produce information/data that are
processable by, numerical methods to provide solution. The
information may ULz generated in varioss ways such as mathe-
matical 7irmula or numerical data which would be defined,

processed and solved.



The numerical method are applied in the computational phase,
which is a decisive portion of the total problem solutien.
This processing of information with the feedback mechanism

is the basis for systems approach to mathematical computation.

Problem Definition
and
Objectives

Human Interpretation from Experimental
. .and mathematical Abstraction

1

Study M%gHgTatlcal

%Jvea3sd

Compute Solution

AJvea3sd

Human-being Appraise Decision

——

I New Problem
Definition And
Objectives

Real
World

Fig. 5: Solution process iIn mathematical cemputation

Source: Modified from Paul, G. A. Introduction to Scien-
tific Computing, New York; Meredith Corp., 19771, pg. 9.
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2.4.6 Research-in computer-rmathematics

Many researches have besn reported in computer and
mathematics but those onzs dealing with concept learning
have to h2 identified. Most of the studies reviwed recorded
significant differences between groups using computer for
computatetion and those not using., However, for concept
learning there are conflicting reports as to any advantage
in the use of computers. WFighte3 investigated selected
decision-meking processes for aspects of a computer-
assisted and mastery learning model in basic mathematics and
found no significant differences between four treatments
varying the *vpe of drill and practice. Similaerly Cheshire84
studied thr eff2ct of learning computer programming skills
on developing cugnitive abilities and found no significant
difference in problem-uolviig scores between computer
programmirg and algebra clascses classes at grade nine.

85

However, Cranford in @a study of the effects of

computer-c.sisted instruction on achievement in mathematics

83. Wrizht, E.B. Investigation of Selected Decision-Making
Processes for aspects of a computer-assisted and
Mastery Learning nwdel in Basic Mathematics. Ph.D.
Thesis, The Pennsylvania State University, 1977.

84. Cheshire, F.0. The effect of learning Computer
Przgramming Skills oin developing cognitive abili-
ties. Unpublished Ph.D. Thesis, Arizona State
University, 1981.

85, Cranford, H.R. A study of the effects of CAI in Mathe-
matics on the achievemant and attitude of pupils
Grades 5 and € in a rural setting. Unpublished
Ph.D. Thesis, liniversity of Southern Mississippi,
197€ .,
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and attitude of pupils in grades five and six in a rural
setting found that the groups which used a computer
drill-and-practice program achieved at a faster rate on
computation and applications tests, Littl: difference was,
however, found in understanding. Some of these studies have
eshown ' no significant differences in learning of concept
by computer but some studies where computers have been

integrated into the instructions gave positive results.

86 >
Deloatch did a comparative study

on the use of computer programming activities in an
introductory college mathematics course for disadventaged
students and found the computer-augmented instruction to have
significant positive <. fzct on tha mathematical attitudes of
disadvant.zed students, but not upon their achievement at

a7
College lavel. Lamb 87 in a study on xhe co-urdination

of graph theory and camputer sciance at the secondary school
reported that students with access to computer terminals
scored signiticantly higher in achievemant.of graph theory

content than students without such access.

86 Deloatch, S.J.: A comparative study of use of Programming
abilities in an introductory college mathematics for
disadvantage students. Unpublished Ph.D Thesis,
Indiena University, 1877.

82 Lamb, R.L.: A study on the coordination of Graph Theory
and Computer Science at the Secondary School.
Unpublist:ed Ph.C Thesis, Georgia State University,
School of Education, 1976.
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From studire carried out so far one can gather that
the compu’a2r could be programmed to serve as a test gene-
rator anc administrator. Conputers have been used in
educaticnal settings and for instructional processes,
individualising instruction, testing or drilling for compe-
tency in basic facts. Computers can be used as teaching-
aids that help to achisve the objectives for mathematics
learning. When access to computer 1a.availabla students
will be able to use the computer for programming the solu-
tions to prcblems; for simulating situations in order to
test hypotheres, for gaming; as a study of probability and
statisticsy as well as for testirg, pfactising, drilling

cnd tutoring,

2.4.5 Conclusion

Most of these researci:es reviawed have been carried
out abroad by different researchers functioning in different
environments. Their findings may be affected by environments,
to apply their conclusions to the Nigerianlsituations directly
may be inafp, ropriate because the Nigerian environment differs
from those of pupils in Europe and United States of America
who are more exposed to stimulating and saphisticated
environments. It would be appreciated that the input of the

envirenment on the individual could play a significant role

on the psychological thinking, perception, reasoning and
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learning of the individual. For pupils in an enriching and
stimulating environment, they would be motivated and are
likely going to learn better and achieve better in schools
than pupils not exposed to such environment. It only means
that pupils in under-developed countries of the world will
of necessity be at a disadvantage. The advanced and
industralised countries have always provided a wider range
of experiences. This limitation portends itself in the area
of technological based-instruction for example the use of

caiculators or cumputers in instruction. Besides, only very few

studies on conceptlearning in mathematiés have been carried out here

in Nigeria. Falokunsa. Dni89 and Ogunyemi and EeltiegD have all investigated

concept formation in mathematics using different experimental
variables. However, none of them has tried to integrate

the use of electronic calculator into the instructional
process to find out the effect of such & device on the
concept learning and attitudes to methematics in the secondary

school. .

g8. Falokun, C.0.: Concept formation in algebreic equations
and problem-solving among form V studunts in Oyo
State of Nigeria. Unpublished M.Ph. Thesis,
University of Ibadan, 1983.

89. Oni, E.Q.: Conceptual difficulties with ionic equations
as function of intellectual development among
secondary school students. Unpublished M.A. Thesis,
University of Ife, Nige.ia, 1982.

0. Ogunyemi,F. and Beltie,J.: An investigation of cognitive
preferences in mathematics among high and low
achievers in the Nigerian Secondary Schools.
African Jeournal of Educational Reseerch, Vol. 1
pp. 97-10%, 1974.
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CHAPTER THREE

RESEARCH DESIGN AND PILOT STUDY

Intraduetion

The research is basically experimental using a 3 x 3

factorial design.

The indspendent variables or main effects

are mental ability levels and different modes of instructional

presentations, whilse the dependent variables are achievemant

and attitude measures.

TION AND TESTS

6:

MENTAL ASILITY LEVELS
ACHIEVEMENT
MEASURES
AVERAGE
HIOH MENTAL 1 MEwTAL | LOW MENTAL
ATTI TUDE o1 ABILITY ABILITY
MEASURES c2 €3

USE OF CALCULATOR i 3 5

TN INSTRUCTION AND
o [E' Jeste (mmrestrRIcten (12D (12) (12)
% CROUDS)
(]
&

USE OF CALCULATOR B ‘& £
= (RESTRICTED GROLPS)
=
E NON-USE GF CALCU- 5 ¥ :

=3 LATOR IN INSTRUC-

« | E3 (12) (12) (12)
Fig.

Number of cells, K

Number of subjects

Paradigm of 3 x 3

factorial desiocn of pilot study.

9.

Total Number of subjects, N = 108.

in each cell, n = 12.




«101~

The design is comparable *u three-group, before-after
design proposed by SolomonQ1. I+ provided a way to aveid
possible interactive effects due to the pretest or pre-attitude
and alsoc allowed for both to be used as covariates in tne data
analysis. The main hypotheses were tested on the effects of
calculator use and instruction on concept learning and
attitudes towards mathematics and calculator. The experimental
and control groups were selected for treatments at random from
population of form five pupils in the secondary sch-ol.

The structure of this type of research design, according

to Kerlingergz

is where two or more independent variables are
juxtaposed in order to study their independent and interactive
effects on ~ depenusnt variable. In this study there were
two inderz- z2nt varia_les - mental ability levels and

~

modes of presentetion and twe dependent variables - achievement
and attitude reasures. The assignment of the subject of the
study to trecatment groups was randomly based on their mental

ability levels. The nental ability levels of the subject were obtained fror

the results of their/lental Language/Verbal (ML) and Mental numerical (1C] tasts.

91. Solomon, R. in Kerlinger, F.is. Foundation o/ Behavioural
Research, 2nd =d., New York: Holt Rinehart and
Winston Inc., 1973, 332 - 375.

92. Kerlinger, F.N. Foundation of Behavioural Research
Zznd Ed., New York: Holt, Rinehart and Winston
inc., 197°.
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The tests were developed and validated by AJsfralian Council

for Fducational Research (A.C.E.R.) and they had been used
by differen% researchers in the Faculty of Education,
Univarsity of Ibadan, Jdigeria.

However, Campbell and Stanley93 have noted the possi-
bility that some errors might result from employing the
usual statistics appropriate for the random assignment of
individual pupils to treatment groups, such as the ANOVA
(Analysis of Variance) for intact classes assigned to
treatment giooups. In this study therefore, the use of
the pre-test and pre-attitude mean scores were used as
covariates tc serve for adjusting the initial differences
within and between grougs.

If Tl' T? and T5 rerresent the pretests, X1 and X2
the treatments and T,, F4 and T6 the post-test, the

2
design paradign can be represented in this format:

Pre-treatment Treatment Post-treatment
B Ry T3
T3 X2 Ta
b5 T

3. <Camptcll, 0. and Stanley, J. Experimental and Quasi

Exaerimental Oesigns for Research, Stokie;
I1linois: Rand’McﬁaIIy, T3863.




- 103 -

Both the pre-and-post treatments incorporated the
attitude &.d achievement mcasures. Levels of treatments
varied deranding on the grcups. One of the groups received
the ~“ull treatment: calc:lator-use in instruction and tests,
other experimental group received treatment of calculator-
use in tests only and the control group did not receive
any treatment on calculator, that is, non-calculator-use.

The aim of this research was to find out how instruc-
tional product could facilitate teaching-learning processes,
hence the deesign is an empirical stndy on the improvement
of instructien. Ths experimental -control group design
using equatec experimental group subjects and control group
cubjents t' .ougl randomization, equal number of subjects

in mach £zll pruvided an effective comparison in this

W

- > . . 82
factorial design.' ~According to Kerlinger research

design haes two bBasic purposes:

(1) to provide answers to research guestions and

(2) to centrol variance.
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What the research design “oes is therefore to help the
invectigav.. ubtain answers to questions of research and
also to ccalrol the expeiimental, extraneous, and error
variunces uf the particu.ar ressarch problem under study.
The focus of this study arose as a result of educators'

concern on:

(a) possible change in pupil’s attitude toward

calculator and school mathematics,

(t:) possible interference with pupils growth in
wiovlzdge of basic mathernstical facts and

paper -pencil cumputationsy

ic) possibic changes in children's scores on

standardized z:chievement tests in mathematics.

acantial development of additional mathematics

3

sei oupts related to calculator;

(e) possible change in computational power of pupils

when using calculztors and

(f) facilitation of mathasmatics conceptual learning
and protlem-solving skills of pupils through the

us2 of calculaktor.
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3.2 Population and sampling procedurs

The form five pupils.in the secondary school in'Oyo
State, Nige ia at the time of this study constituted the
population, and subjects used ware from the sampled popu-
lation. The subjects were all enrolled in the sampled
schools at the time of study. The choice of this catego:
of students wac considered appropriate because they alrees
had the requisite knowiedge of basic mathematical operations
cf addition, subtractien, multislication ‘and division.
Their gveraze ag? was ~ithin the piagetian operational
rang: where symbolic abeotriction i possible. They were
alrcady familicr with mathematics as a school subject, anc
hence, thzy were sufficiantly predisposed to the learning
of suitably prepared struztural materials in equations.

The sampling technique adopted for this investigation
was the rancdom sampling approach. Kerlingergz defined
this as the method of drawing a proportion (sample) of a
population or universe so that all possible samples of
fixed size have same probability of being selected .

This appraach is regarded Ly statisticians to be the most
practical and free of biaes. For instance, Kerlinger also
observed that a sample drawn at random is unbiased in the

sanse that nc membter of ine posulation has any more chance
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of being sele=-ted than any other mambar”gs. Howsver,

because of the nature of this research design it was not
practicable to randomly sclect schools throughout the state.
Therefore, 7 multi-stage random sampling selection of the
sscondary schools in Ibadan city for this study was carried
out. The selsction of subjects into treatment groups were

also carried out through random sampling technique.

¢6. Fisher, R. The dosign of Expsriments, 6th Ed.,
iew York: hatner, 1851, pg. ll.
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3.2.1 Selection of Schonls for ths Study

As at the time of this study there were 750 secon-
dary schools in Oyo State and 95 sscondary schools in the
Ibadan Municipality. Cifferent schools were selected

for:

(i) wvalidation of research instpuments.
(ii) pilot study.

(iii) main study.

Ths choicn of schools in Ibadan city for this
study was bor2ugg of the accassibility of the researcher

to the subjects used in this experinental study.

(i) For ths validation of research instruments,
United Secondary School, I jokodo was chosen.
The school was establizhed in 1980, end it is
made up of boys and girls. The school first
presented pupils for West African Examination
(WAEC) May/June 1953 General Certificate of
Education, Ordinary Level (G.C.E., 0/L)
Examinations. The school has toth Junior
Secondary School and Senior Secondary School

(JSS/SSS) in line with the New Natianezl Policy
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on Zcducation 6-3-3-4 system. As at the time
of this study, thr echzol had a population of
abnrut 1500 pupils. The szhool had five arms
of form five and the arns were divided into °
Arts and Science classes. The ¥ssesarch
instriments for validution were mathematics
achievement test and attitudes towards mathe -
matics and calculator use in mathematics
questionnaire. The mathematics pre-test had

earlier Leen validated in previous studyso.

The multi-stage random technique was used for
the seluction of %2 3chool for the pilot
study. Cut of ine S5 secondary schools in the
I badan Municipality only 33 of the schools
we.. m.xed (boys and girls). Only sixteen of
thu  cliccls ware established more than ten
years ago. Most of the 33 schools &ere esta-
blished in 1850, anc they first presented pupils
for West African Exanination Council/General
Certificate of Education Ordinary level examix
nation in 1885. f{iust of these schools have
relatively large number =7 pupils averaging

absut 1000 or more pupils in each school.
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Those schools sstatlished more than ten years
apo  have larger number of pupils average

abrut 2000 pupils per school and more equipped
than 1830 schools. nll the schools have JSS/
§85. Five of the schools were randomly selected
out of the 18 schools. <n the basis of their
West African Examination Council (WAEC) results
in .zneral Certificate of Education, ordinary
level (G.C.E., 0/L) mathematics for the last
five years (1280-1884) five of the schools

wer:z coimparabls, (see Table 3). une of the
schools Anhmadiyya CGraraar School, clsyele,
{badan wzs selescisd by ballot for the pilot

study.

(iii) The procedure for the selaction of schools
for the main study would te discussed in
chapter four of this report. howe;er. the
pilot and main study schools were relatively
apart. This was tn reduce any possible

experimental contamination between the

subiscts in ths study.
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TADLE 3
WAEC/GCE results of campled schools
T 7T in_mathematics
PERCENTAGE PASSES FOR THE YEAR
SCHOG: & = %
s AVE. PASSES
1680 | 1981 | 1992 | 183 | 1984
ADEKILE GOODWILL
GRAM. SCH., 37.8 | 46.3 | 65.6 | 53 | 47.3 50
APERIN, IBADAN.
HOLY TRINITY
GRAM. SCH., OLD 43 | z4.5145.5 | 45.5 | 8s 48
IFE ROAD, IB:DAN
IBADAN CITY
ACAGEMY, ELETA, 62 ( 55.6 | 42.4 | & 50 50.2
IBADAIL.
ZHMADIYYA GRAM.
SCH., ELEYELE, 25 20 46 42 2 45
IBADAN .
LSLAMIC HIGH
SCH., EASORUY, 59 52 63 37 31 48
IBADAN.
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3.2.2 Selaction of Subjects

The subjects uscd for the study were mainly secondary
school pupils. The pupils were considered as represen-
tative of the country's secondary school population
because they came from differsent ethnic, cultural, reli-
gious and socio-sconomic background. The assumption was
that the pupils in this group were not different in any way
from pupils in other comparable schools in Nigeria. The
study was conducted with the form five pupils who were in
their first term of their final year in the school. There
were 216 pupils (boys and girls) ir form five of the pilot
study schoci. The whole of the form five pupils of the
scicol took the ALC.E.%. mental ability tests (ML and
M.

Out of the 216 pupils who took the tests those pupils
who scored between 32 and 51 were within the high mental
ability leval and 36 of them were rendomly selected into
the high mental ability (tMA) groups. Those who scored
betwesen 27 and 31 were within average mental ability level
and 38 of them were randomly selected into the average

mental ability (AMA) groups. Similarly, those who scored
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betwesn: 120 and 2€ were wiiiin the low mental ability lsvel
and 36 of them were rando:ly selscted into the low mental
ability (iMA) groups.

Twsive pupils (subjects) per group from the HMA were
randomly selected into calculator in instruction and tests
group (E1]. calculator in tests only group (EZJ, and non-
calculatcr group (E3]. The same random selection was done
for AMA into Ei‘ Ez and E3 groups. The same procedure was
carried out for LMA groups. A total of 108 pupils took
part in the pilot study. The same procedure of subjects
selection was carried ou® in the miin study except that
the 3 treatmunt groups wwere in 3 schools. The nature of
the researcn design all.usd for the use of boys and girls
schools for tha pilot and main stiudies. However, to
control for sex variable cne would have used girls only
and boys only schools. 3ut this design controlled for
sex variable Ly having nearly equal number of boys and
girls in each cell/group. Kerlinger?z observed that
both girls and boys are uscd in an experiment, randomi-
zation can be usea in ordar tc balance the individual
differences that are concomitant to sex. Then the number

of girls and boys in each experimental group will be



- 113 -

approximately equal”. The girls and boys were assigned
randomly in nearly equal numbers to the groups in the

pilot and main studies. J

3.3 Research Instruments:

These are ACER Higher test ML and M} published by
Ausiralian Council for Educational Research (ACER) (See
Appendixes 8 & 8) which are standardized tests in verbal
and numerical abilities. Howevar, the tests were modi-
fied for tihe :igerian situation. There were also author-

prepared instiruments such es:

(1) Attitude measuois towards mathematics and

calculator.
(2) Mathematics pretest.
(3) Mathematics achievement/post-test.

.

(4) Instructional Module in Mathematics.

In this etudy, mathematics achievemant test and mathe-

matics post-test meent ths same test.
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3.3.1 Preparation of Instruments

(1)

Attitude Scale

Werking from the basis of 20-item scals developed
by Aixen and Dreg8r97 and using the Likert scaling
procedures, the attitude scales were two Likert-type
A & B with five response-options. One scale was used
to measure attitudes toward mathematics (A) and the
other to measure attitudes toward the use of calculator
in mathematics by the pupils (B). Ffor scale A, there
were 12-items and for Scale B there were 14-items,. Pupils
responded to each item by choosing one of five Likert
alternatives: strongly agree (5), agree (4),
undeciced (3), disagrse (2) and strongly digagree (1),
There wereequal number of positive and negative items
in each scale. The positive items were scores, 5, 4, 3,
2,1 as shown on scale . The negative items were reversed
for purposes of scoring. The same response alternatives
were used with all items. The instrument was field-
tested, and pupils were interviewed to determine how
valid the scales were for reflecting the pupils’' atti-
tudes. The pupils’ responses were registered in the

=pace adjacent to an item. (See Appendix 10).

gz7.

Aiken, L. R. Jr. Personality correlates of attitude
toward mathematics. Journal of Educational
Research, 1863, 56, 576 -5680.
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(2} Nathematics -~re-teskt:

From tne learning exnziisnces of the pupils a sample
of question-items on linear equations was prepared. The
construction of the test items was based on the andlysis
of the objectives in the cognitive domain, knowledgs,
comprehension and application. For the task analysis, we
have algebraic operations, cxpressions, idsntifying

eugations, forming equations and solving equations to

comply with the following bebévioural objectives:
(i) to identify expressions such as:
ax ¢ b
from linear equations of the form:
ax + b= _x
whare a and b are constants.

(ii) to fcrm linsar ecuations with one variable:

(iii) ~ tu selve linear equations of one variable:

3x + .+ 2 = 10

The numbeprs_ "for sach of the behavioural objectives and
corresponding topics werz worked out. On the whole, 15
question test-item was constructed. The test-items were
multiple choice objzctive questions format, and the pupils
wera expected to complete the test in 30 minutes. It was

field-tested for validity and reliesbility.
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TABIFE 4

llathematics pre-test items construction

format for contant validity

BEHAVIOURAL OBJECTIVES
TOPICS TOTAL
KNOWLE DGE COMPREHENSION | APPLICATION
Algebraic - ;
1 operations 1 L 2
Algebraic
e Expressiona L ! 1 3
Identifying -
3 Equations 1 3 2
Forming .
4 Equatiors L A L 3
Solving
3 Equations 2 2 1 3
TOTAL B 6 3 15

(3)

cimulatenous,

Mathematics post-tesi:

The test-itam content was tased on equations: simple,

and quadratic. The test was applicable to forms

four and five pupils of secondsry school who had covered these

aspects of the seoncary school mathematics curriculum.

The

test -item sslection was based on the following objectives:

(i)
(ii)
(iii)
(iv)
(v)

te
to
to
to
te

provice pupils with basic facts on algebrai¢ concepts.
develop pupils' computational skills in mathematies.
identify relations in mathematical concepts.

solve simple forms of different equations.

trunslate word problems to equation and solve them.

The objectivis were translated into the test glan relating each

objective to the cognitive domain and the appropriate task.
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TABLE 5

Math:me' cs post-test plan for content validity

COGNITIVE DOMALN
TOPICS COMPUTATEONAL | cougprs | APPLLCA- | PROBLEM ToTAL
ALGORE THMS TONS | SOLVING
Simple
s 4 4 3 3 15
Simultaneous
Entie 3 3 2 2 10
Quadratic _
Equations 3 1 1 S
TOTAL 10 8 6 6 2

The test items ware made up of 3C multiple choice
objective questions. £tach test-item had five options lettered
A, B, C, D and E. One of the options wazs thz correct answer.
The pupils :.cre required to answer all the questions in 40
minutes. Fur validity and reliability of the test, a pilot
study for the test validation was carried out. The school
used to carry out both validity and reliability tests was

United Secondary School, Ijokodc, I badan.

(4) Instructional w-.ule

The module had b2en preparcd in response to the need
for appropriate and adequate mcde of instructional presen-
tation. From the analysis of some Nigerian textbooks on
secondary school mathematics carried out it was observed that
they did not mee! the need of calculator-use in instruction.
It becane necsssary to prepare both the modulé and calculator

in instruction guide (See Appendix 7).
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According to Bellga, the main difficulty, of course,
is that few existing schcnl mathematics textbooks have
really interesting problems that exploit the power given
by calculators.

Presentation sequence in the teaching of mathematical
concepts plays an important role in the lsaming of the
subject. Suppes, like Gagna's, subscribes to the idea of
the importance of accounting for content structure in the
study of learning and seguencing. Suppes, Hyman and
Jernan® statcd that in the cognitive domain mathematics
provides one of the clearest examples of complex learming
and performance, for the structure of the subject-itself
provicdes n ¢ .ous constraints on any adequate theory .

A suhstantial amount of Suppes' work reflects the attitude
contained i the fellowing statemant:

For anyone interested in the psychological
fcundations of mathematical concept formation

8. Bell, Max. S. Calculators in Elementary Schools?
Some tentativs guidelines and questions
based on classroom experience. The Arithmetic
Teacher 23(7), No. 1976, pp. 502 -507.
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i* iz natural to ask what is the sort of
connection that nnlds between the logical
structure of mathematical concepts and the
psychological prccesses of acquisition of
the concept.® (p.73).

Here the need to determine the hierarchies of leaming
mathematical concepts which would conform with psychological
principles becomes necessary as well as the mediational
procedures. To this end, the ideas of Auaubelg9 on Advance
Organizers and Gagne'sw0 learning hierarchy theory were
utilized in the construction of the instructional module
used in this study. Since calculators were used as part
of treatment in the ctudy the instructional module was
devaloped to itzp the int insic capehilities of the calcu-

lator. Serce, the instructional module was prepared with

98. Ausubel, 0. P. The Psychology of Msaningful Verbal
Learning: New York, Grune and Stralton,

100. Gagne’, R. M. Learning Hierarchies. Educational
Pavchologists 6(1), 1968, .
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ti'e following sbljectives i, view:

(i) To intreduce Lhe pupils to the concept of

zquaticns, simple, simultaneous and quadratic.
(ii) Tn identify different forms of equations:
simple, simultaneous and quadratic.

(iii) To solve simple farms of different equations:

simnle, simultaneous and quadratic.

(iv) To translate word-problems into equational

format: simple and simultaneous.

(v) 7o -olve the word-problem-equations: simple

end  imoYteznzous.

The above objectives were rulated to the cognitive
domain in the learning content. Hence, appropriate instruc-
tional modulz on simple, simultascous and quadratic equations

was developed. See Appendix 7).

3.3.2 Validation of instrumente

(1) Attituds Questionnaire:

The attitude measures-scale for mathematics and
calculator, prepared by the author was validated for use at
United Secondary School, Ijokodo. The 12-item and 14-item

of attitude toward mathematics and attitudes toward calculator
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o

o

wioe duvclape 5 in line with Aiken and Dreper — using
the ' 2xert £ _21¢ proc.dure. The subjects were form five
pusi-=~ of the school in wiitch tws classses were selected
randomly {by ballct) as sample for the vzlidatinn pracess.
Fupils responded tc each item by choosing one of five
Likart alternatives: strongly agree, agree, undecided,
disagree and strongly disagree . The sessions were conducted
during the free pericds cf the sampled classes with their
matheinatics teacher in attendance. The purpose of the
guestionnaire was explained, and that it would be followed
with an achievemant test. The questionnaire was first
adminisiered befsre achievement test so that the test might
not interf-re with gheis respens=z set. On the whole 80
pupils re-ponded to-the questi-anaire. Out of the 80 pupils,
40 pupils were randzmly selcctad for tusting the validity
and reliatili¥y of the scals.

For thalintarnal consistency reliability coaefficient
of the attitude maasure. Fearsoen praducé moment used to
compute the correlation cecefficient between ndd and even
(r = 0.98), usire Spearman-3rown cozfficient the reliability
coefficicnt was found to be c.98 (for the calculation see
App :ndix 11 ). The «c~lculated rorrelation coefficient of

r = 0.58 is significant for N = 20 at @ = .05 r = 0.423.
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While another widely used iraex of item discriminability

was the critical ratic based upon the means and variances

of the upper and lower 27% of the sempled distribution.

The rorrelation co-efficients of mathematics-attitude and
calculator-attitude were computed (See Appendix 12).

The mean significant difference of the mathemacical attitude
scale and calculator attitude scale was computed (See
Appendix 13). Shaw a n d' Hright101 stated

that Aiken and Nreger,in 1964, reported a test-re-test reliabili-
ty coefficient of .94. It would ci found that tihcse two results are quite
close zorrelation coefficient between 27% upper score and

27% Lower Score on Attitude Scale (MAS and CAS) obtained using
Speerman-Rank Order Correlation coefficient. The correlation
between 27% upper score and 27% lower score on attitude

scale for mathematics attitude score (MAS) and calculatir
attitude score (CAS) (See Aspendix 12) was found to be

r = 0,28, It means that there is posit significant
relationship between MAS and A5 because calculated corre-
lation coefficient is higher (r for n = 10 at a - .05

is 0.5337) from table of r.

101 Shaw and Wright, Scals of the Measurement of Attit.des,
N.Y. McGraw-Hill, 1867,
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The <i: Ificant mean cdifference in mathematics attitude
score (i) =) gczlnulator attitude Score (CAS) for 27%
uppar scor: was computuld usiny t-test (See Appendix 13).

-

Mean Age = 16,2 years,

TABLE &

Significant mean difference in mathematics attitude
Score (MAS) and Calculator attitude Score (CAS) for
27% Upper Score

. =
- J
Nx (MASY ok (CAS)  oy” Ny  Calcu t-value Sign.
lated at level
t- a =,05 °
ratio
10 44,5 725 48.8 72.43 10 1.16 1.81 ns

ns: Not Significant at p ¢ .05
Tne significar® mean difference in Mathematica Attitude Score
(MAS) and Calculator Attitude Score (CAS) for 27% Lower Score
was computed using t-test (See Appendix 14),

Mean Age = 16.56 years. .
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TAELE /

(72}

igrific2a v zan Adiffacepce in mathematics attitude

0

3

ore :11AS) and Lalicui. .er “:ztitude Score (CAS) for

27+ Lo Score

: 5 o

Nx  ([MAS)  ox~ (CAS) avy ry  Calcu- t-value Signif.
lated at a= level
t-ratio .05

100 30,7 236.5 27.7 635.9 10 6.73 1.81 ns

ns : MNot signiricant at 3 ¢ .05

(2)  Mathematics Protest

Accordinz to F1anagan102 in the empirical selection of test

items, he sugeested that the first consideration is the validity or
discrimiratcry power of the test and the second one is item

c.fficelty. The nesc index of validity is one which provides
the 2xtent fto which arn Item wil!: predict the criterion such as

the difficulty index anc disc-iminatory power. Using Kelley's

103

approach in computing 27% uppsr score ands 27% lower score

the difficulty index was found to be 0.40. Following similar

102 Flanagan, J.C. General _.nsideration in the selection
of test items. Jou.nal o+ Educational Psycholegy,
30, 1939. -

103. Kelley, T.L. Ther selectior of upper and lower groups for
the velidation of test items. Journal of Educational
Psychclogy, Vol. 30, 1239, 17-24,
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apprcach the discriminatory power of the test was found to
be 53.3%. ror the 1elieci ity coefficient of the test,

Kuder-Ricnardson formula. FRZ1 was used.

R _ 1 X(N - g)
N
R : Reliability coefficient.
X Mean of the test scores
g2 : Variance of the test scores.

N : Number of test items.



oo this study, rhe reliability co-efficient obtained would
te considercd cdeguata cuseidsring the levels of difficulty
and discrimination of the test-item. B8lood and Budd105

furtharecd opined that o reliability co-efficient for class-

room test should be at least 0.50 (Appendix 6).

3.3.2 Mndification of mental ability tests - ACER higher
Tests Ml and ™)

doth A.C.E.R. Higher Test: ML and M) for verbal and
numerical abilitics were developed by Australian Council
for Educational Ressarch in Australia, which is socially. and
culturally different from Nigeria. Though the tests have
been found “o b3 applicable to Nigerian setting (Egbugarafos,
it would b e necesssiry to make some modifications
if they would b2 usasd effectively and appropriately in
iligeria.

The A.C.E.R. ML test deals with ‘guestiaons on
language and vocabulary of Englich Language. GSoth Australia
and Nigeria have English Language as thzir Lfngua Franca the test

may therefore, not suffer much reliability and validity in terms

of structure and lexis. However, some of the test-items contained culturally

105. Blood, 0. I. ond Budd, W. C. Educational Measurement
and Evalu:tion, New York: rdarper and Row, 1372.

106. Egbugara, U. 0. Effects of Three Levels of Advance
Organizers cn Achievement of Some Nigerian
Secondary School Physics Students, I badan:
Unpublished Ph.O. Thesis, University of I badan,
Nigeria, 1964.



biasz2u words and evpressions e.g. the use of Alastian dog
which had to he replaced with a more familiar Nigerian name.
Thos= test-items which sho.ed propensity for Cultural bias
wern «ndifi~d by changing them to socially and culturally
cceeptan .2 words in Nigeria.

Wrereas in the A.C.E.R. M) test of numerical ability
most cof the test {tsms were appropriate except in cases where
urits: of monev hacd to be changed. The Australian pound and
penn: had to be changed to Naira and Kobo respectively.

These changes did not have structural effect on the test-item
or their meaning. The durations of the tests ML and MQ had
to be changed. Instcad cf the 20 minutes allocated for each
tes® it was change to 30minutes so as to give the pupils
enough timr to read and answer the questions. Secondly it
gave room tc c~-rect tyrographical mistakes or ncn-clarity.

Nonatheless, the tests can be considerad to be valid
and reliabls for the lsvzl of punils after those modifications
had been made. It would be understood that those changes
could not possibly have affectasd the validity or reliability
of the tests because nothing structurally in the tests were
changed. The vaiidity index and r2linbility coefficient of
the tests were not supplied but from 2vailable records the

tescs had been istandardized.
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3.4 The Pilot Study

3.4.1 Objectives oi the Pilot Study
(i) To validate and modify instruments.
(ii)} Toc simulate experimental conditions.
(iii) Trial run for the entire experimental plan.

(iv) To detect flaws sc as to increase the
probability of a good research.

3.4.2 Procecdure for the Pilot Study

The pilot study began in early October 1985. The Form
V mathematics teacher provided adequate support. There were
216 pupils in form V of the Ahmadiyya Grammar School, Eleyele,
where the pilot study was conducted. dJdecause of the time-
table arra' se~ernt of the school, some of the tests were
concducte: after school hours. The school was organising
evening remediel classes for Form V pupils from 2 p.m. to
3.30 p.m. Thare was 33 minutes session everyday for each
group. The sampled pupils were divided into S treatment
groups based initially on their mental ability scores on
A.C.t.R. Higher Tests ML ancd M), and randomly selected into
those groups. The groups were randomly selected into treat-
ment groups by taken cognizance of their relative perfor-
mances on tihe tests. The calculator groups were instructed
by the author while the mathematics teacher helped to

instruct the non-calculator groups. The instructional module
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was used Ly ali the groups. The pilot study lasted for

six weeks. There .cre breaks in between the days of
administration either dus to pupils being engaged for a
school programmz or the author/school mathematics teacher
not able to attend. Howsver, records of attendance wers
kept and dates for the administration of the instruments.
By the end nf the pilot study only an average of ten pupils

per group totalling ninety (90) pupils completed the study.

3.4.3 Acministration of research instruments:

The first instrument administeared during the pilot
study was the A.C.E.R. Higher tests ML and M. The mental
ability tests were uszd to divide the pupils into different
treatment groups. "ost of the pupils in Form V of the school
took the tisce (185 out of 216). The tests took place after
the pupils preparaztory classes. The school mathematics
teacher and the auther administered the tests from 4 p.m. to
5.30 p.m. on 21-10-85. The pupils had been informed of the
test by their mathemetics teachar. Hence the pupils showed
enthusiasm towards the test. They were told the purpose of
the test that it was not supposed to grade them but to assist
in diagnosirg their problems in mathematics. The ML test was

first taken and followed by M) test by all the classes. The
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time of the day the tests were administered had effects on
pupils. Some pupils complained of tiredness. In fairness
the pupils had besn receiving lessons before the test began.
It would appear that the tests could only be taken at that
time so as to avoid any contamination, and lsakage of test-materials.
Hence all the pupils had to take the tests at the same time.
Each of the tests had a duration of thirty minutes. The
pupils were provided with individual question and answer
sheets (Appendices 8 and 9). There were thirty-six question-
items on each of the tests. There were anough examples on
each of the tests and the pupils were required to respond to
all the thirty six test-items.

After the tests had been completed by the pupils

he results of the testsof ML and MQ were used to divide

the pupils into treatment groups. The test scores (X) of
each pupil, were added together to determine his/her
reletive position. Since the test was meant to divide the
pupils into three different ebility levels those pupils who
scored 32 ¢ x ¢ 51 were grouped intc High Mental ability
level, pupils who scored 27 ¢ x ¢ 31 were grouped Average
Mental ability level, and those pupils who scored 28 ¢ x <
were groupec Low Ability level.

The c.fferent mental ability levels were then randomly

selected (by ballot) intc the three different treatment groups).
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Calculator unrestricted grou., calculator restricted groups
and Non-Calculat-r-yse in instruction/test group. The
mathematics pre-test and pre-attitude questionnaire were
not administered to all the nine proups before instructinn
began. There were four instructional sessions of thirty-
five minutes per session for each of the group. On the
whole, twenty-four instructional sessions ware conducted
during the pilot study for the six groups by the author.
The mattematics teacher had only one group of thirty-six
pupils of four sessions because three gr-oups were put into
one. He had to do this because there was no need for the
use of calculater and the pupils were going tou receive the
same learning experiences.

Immediately the instructional process was coming to an
end, the pupils had te take the mathematics post test and
respond to the attitude measures. The unrestrictad and
restricted calculator-use groups used the calculator on the
post test while the remaining three groups of non-calculator-
use did not use calculator on the test but they responded to
the attitude measures. The post test of thirty-items had
a duration of forty minutes. When the mathematics post test
had been zomnleted the pupils were supplied with the attitude

measures which they freely responded to.
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J.4.4 The Scoring of different instruments: ML and M)

ml cnetics pre-test, post-test, attitudes measures.

Bct s and oy .ests wire scored on a scals of 1-35.
There vure 36 test-itame oir each of the tests. For the
mathomalice pr:-test it was scored on scale of (1-15).

There were 15 test-items on the test. Similarly, the mathe-
matics achievement test was -corad on the basis of number of
question on the test (1-30). The raw scores on the tests
were not converted but were directly used in the various
anzlyses. The tests scores (X) in ML and M) were added
together fer each pupil so the possible range of scors

1 £ X £72 was uscd to divide the »upils into different
ability groupings.

lethoc of summai.Z atings was used for attii::uda scores.
Items werz worded positively and negatively. For positively
worded iter ““iey were scored 5, 4, 3, 2, 1 and negatively
Wh. G028 1tems ths scoring wes reversed as 1, 2, 3, 4, 5.
Items scores were added (i) for both Mathematics Attitude
Scale (MAS) and Calculator Attituds Scale (CAS) (ii) for
each attitude scales MAS and CAS. The item score was assumed
to be the wdighted sum of the common factor and a factor
specific to the item. The common factor was the general
attitude varialle that e were trying to measurse. For MAS +
CAS Scores (X) could range between 26 < X < 130, for MAS

alone scores (X) range 12 < X < 60 and CAS: 14 <X < 70.
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3.5 Ana: - . data 6f pilot study

Anz.ysis of cuc. com.urised mainly the comparison of
achievement test mean scorcs and attitude measures. The
compueter 1iboa:y progranme LIB ¢2¢P was particularly useful
for the one anc¢ two way ractorial analysis of variance and
covarianca. This programme cnabled the use of the attitude
towards mathemetics and calculator scores (ATS) to adjust
the achisvement scores of the groups.

Pupils’ scores (X) in the mental ability tests wers
giuperd inte giftferent aoility rangs: Low ability
(LA: 20 < X <268), Avereze ability (A.A.: 27 <X < 31), and
Highk =zbility (H.A.: 32 < X < 51) respectively. These score
categories were used ac the selection basis for examining
the sffec<s of cogr’tive, numerical and verbal aptitude
levels on * 1e Lusc-test and attitude scores. Also multiple
~orrelati.n conefficients R, R2 derived from analysis of
covarizncz were computed to cdeterrmine the relationships
between scores of the attitude meesurss and'post-test. All
tests of significance were carr’ad out at the 5% alpha level,
and all computations were sided by the University computer.
However, the computer results of analyses were given to the

nearest significant levels e.z. 0.031 or 0.01 etc.
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3.6 Results of Pilot Study

The results were analysed and discussed in relation to
the hypotheses earlier stated. That is:

Hypothesis One:

There will be no significant difference in the mean
achievement scores of those groups cof pupils whe use (i)
Calculator in tests and instruction - the unrestricted
groups (UCU) (ii) Calculators in tests only - the
restricted groups (RCU) and (iii) No calculators - use at

ali (NCU). That is:

Ho: M = M M at a = .05

TABLE "€

Analysis of variance of Post-test Scores of
Groups UCU, RCU, and NCU

SOURCE df SUM OF MEAN F- P

SQUARES SQUARES RATIO

SS MS

Covariates
VARO2 - ATS 1 50.348 50.349 4.627 0.032*
Main Effects 2 7.014 3.507 0.322 0.999 ns
GRP
Explained 3 57.363 19.121 147257 0.160 ns
Residual 86 Q35.785 10.881
TOTAL 89 993.148 11.159

* Significaent at p < .05
ns: Not significant at p = .05.
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TABLE 10

Multiple Classification of Post-Test Scores By

Croups UCU, FCU and NCU

Grand Mean 8.18
VYariable Category N Unadiusted BETA Adjusted Beta
Groups Dev'n for inde-
pendents
Cev'n
1 30 -0.28 -0.13
2 30 0.3 0.38
3 30 -0.11 0.08 -0.26 0.08
MULTIPLE R GQUARED = 0.0S8
MULTIPLE R = 0,240
TABLE\ M1

Summary cof the Mean, Standard Deviation and

Variance of the Groups UCU, RCU, NCU

Variable N Mean Std. Dev. Variance
VAR 01:- MAT S0 26.6555 7.6130 58.06
VAR J2:- ATS S0 77,4556 12.8114 166.70
VAR 03:- ACT 30 8.1778 3.3405 11.186
VAR 04:- MAS 90 42,6555 8.5554 73:195
VAR 05:- CAS 30 3%.5333 11.0933 123.06
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From table 2, it showed that there was significant cifference when
attitude scores were used as covariates to post-test scores, However, it would
be inconclusive to say that the post-test scores had significant
difference at ¢ = ,05. It was not sufficient to reject
the null hypothesis based on this result. However, it would
be necessary to run significant level test for the groups
in the mein study.
Hypothesis two:

There will hc no significant difference in the mean
achievement score: of those groups of pupils of high td.M.A.),
average (A.M.A.), and Low (L.M.A.) mental abilities.

That is:

Ho: MC = MC = MC at = ,05.

1 2 3

TABLE 12

Analysis of variance of Post-test Scores of
HMA, AMA, and LMA Groups

SCURCE af SUM GOF MEAN F RATIO P
SQUARES SOUARES
SS MS
Main Effects 2 273.488 136.744 16.531 0.001°***
GrRP
Explained 2 273.489 136.744 16.531 0.001
Residual 87 719.659 8.272
TOTAL 8s 897,147 1,159
ke

Highly significant at p < .001.
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TABLE 13

Multipls C'assificaticn Arnalysis of Post-Test

Scores by Groups: HMA, AMA and LMA

Grand Mean = 8.138

Variable + Category N Unadjusted ABjusted for
' . Indeperdents
Groups Dev'n BETA Ded'A BETA
1 30 1.396 1.96
2 30 0.32 0.32
3 30 -2.28 -2.28

462 0.52

MULTIPLE R SQUARED =  0.275
MULTIPLE R \\0.525

There app=ared to be significant difference in the
mean scores of the grouns of different mental ability
levels. This significance difference could only be
ascertained whan a multiple - Eange test - post - hoc

analysis is performed in the main study.
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TABLE 14

Analysis cf covariance nf Puost-Test Scores

of groups HMA, AMA and LMA

SUM OF MEAN .

SOURCE df  SGUARES SQUARES Farrg —\P

S8 MS

Covariates

covaniaves. 1 50.348 50.348 6.372 0.015°
”aiEREFfQCtS 2 263.301 131.650 16.662 0.001°**
Explained 3 313.649 104.550 :3.232 0.001°**
Residual §6  679.438 7.901

TOTAL 69  933.147 11.159

.{T qiéh%¥1§gg%ig;canbhat p < .001.
* Significent at p < .u5.

TABLE 15

Multiple Classificaticn An2lysis of Post-Test

Scores by Groups, HMA, AMA and LMA. ACT - GROUPS - ATS

Grand Mean = 8.18

Variable + Category

G N Unadjusted Adjusted for
TOuR ' Dev'n BETA Independents &
Covardicates
Dev'n BETA
30 1.96 1.96
2 30 0.32 0.25
3 30 -2.28 -2.21
0.52 0.52
Multiple R Squared = 0.316

Multiple R = 0.562
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On the basis of the sampled data and the analysis
carried nut the null hypothrsis two was rejected.
That is: There will be no significant difference in the
achicvement scures of those groups of pupils in HMA, AMA

and LMA at ¢ = .05 could be rejected. There would be

need to carry out the post-hoc analysis for the treatment

effects particularly in the mein study.

Hypotheses three:

Ho: There will be no significant difference in the mean
attitude towards mathematics and cslcﬁlator scores of those
groups of pupils who use (i) calculators in tests and

instruction - unrestricted groups (UCU), (ii) Calculators
in tests only - the restricted groups (RCU), and (iii) No

Calculators use at ail (NCU), i.e.

Ho: XE1 = XE2 = XE3 at a = .05
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TABLE 1t
Analysis of variance of the Attitudez Scores
(ATS) of the grounss UCU, RCU and NCU

SUM GF MEAN

i . F
SOURCE df SQUARES  SQUARES P
o) S RATIO

Main Effucts 5 : Sop

Broip Z 385.086 192.543  1.159 319 As
txplained 2 385.090 192.545 1.159 .. 31908
Residual 87 14451.105 4166.105

TOTAL 2% 14336.1%5  163.699

n§" - Bot significaent at g = 0L



TABLE 17

Multiple classificaticn Analysis of the

Attitude Scores for the Croups UCU, RCU and NCU

GRAND MEAN = 77.46

Variable + Category UNADJUSTED ADJUSTED FOR
Groups N fey'n  BeTa  INDEPERDENTS
Dev'n BETA
1 30 2.54 2.54
2 30 -0.02 -0.02
3 30 -2.52 -2.52

0.6 6.6
MULTI?LE R SOUAREL = 0.026

MULTIPLE R = 0.1z

The analysis showwd Lhat thz rzsult of the attitude
scores was not significant. None of F-ratio was significant
and the null hypothesis was therefore not r?jected. Hence,
there was no significant difference in the mean attitude

scores of the groups. However, this would also be tested

in the main study.



Hypothesis four

There .ill Le no significant difference in attitude
towards mal wmatics and calculator scores of those groups

of pupils of HMA, AMA and LMA. That is:

TABLE 18

Analysis of Variance of the Attitude Scores
07 Groups HWA, AMA and LMA

SUM 0OF ME AN
SCURCE df SQUARES SQUARES F SIGNIFICANT
@ RATIO OF F
SS MS
Main
Effects 2 96.355 48.178 0.2684 .899 ns
GRP
Explained 2 96.355 48.178 .284 .998 ns

Residual 97 14738.867 169.424

TOTAL 8¢g 1483.229 166.699

ns - Not significant p = .05



-143-
TASLE 19

Multiple Classification Analysis of the Attitude

Scores for groups HMA, AMA and LMA

Grand Mean = 77.36

Variable + Category N Unadjusted Adjusted for
Independents
Group Dev' Beta Cev'n Beta
1 30 0.04 G0.04
2 30 -1.29 -1.29
3 30 1.24 1.24
0.08 0.08
[ULTIPLE R SGUARED = 0.005
MULTIPLE R =\ 0,081

The analysis of the result of the attitude scores cf
the groups HMA, AMA, and LMA seemed to suggest that there was
no significant difference in the mean scores, and hence, the
null kypothesis was accepted. ‘

Hypothesis five:

There will be no significant relationship in pupils’

Attitudes toward methematics and their attitudes toward the

use of calculators in szcondary scihool mathematics as a = .05
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TABLE 20

Summary of the /Analysis of Variance of the

MAS 2nd CAS Scores o+ Groups UCU, RCU and NCU

SIGNIF LEVEL

GROUPS df F-ratio SIGNIF OF F
Jcu 29 0.297 .399 ns
MAS RCU 23 0.943 <999 ns
NCU z3 0.131 .988 ns
- ucu 29 1.654 .209 ns
CAS RCU 28 1.178 .324 ns
HCU 29 .29 -989 ns
ns = Not significant 2t p = .0S

It would appear from the analysis of this result that
there w:s ¢ signzficant difference in the attitude scores
of the three groups. There was no diffcrence in the group
mdans of these three groups, for t-e MAS and tAS,the groups
could have the same attitudes to mathemmatics and calculator.
Howevzr, this could have been due to some factors or
trecatment wiich this pilot study did not envisage
there wat no pr:-attitude treatment for the groups to

ascertain zrnurs a2ttitude before treatment.
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i"is wie’d have tc be fiken care of in the main study.

TABLC 21

Summary of the analysi« of Variance of MAS and

C+£5 Scores of the iiMA,.AMA and LMA grcups

— ’ -n SIGNIF SIGNIF LEVEL
SRCUPS 1t F-RATIG OF F £~ = .05
HI1A 29 0.850 .939 ns
MAS  AMA 23 0.322 .999 ns
LMA s n.3539 49899 ns
HMA 23 2.051 .146 ns
CAS AMA 29 3.014 .084 ns
LMA 23 J.538 .399 ns
ns - Mot significan: 3t g = .05

Tha 4TOLY M3aNS W2re no’ significant at « = .05, there
was nou diffarznce .at all in the mean scores. It would appear as
if there was no differcnce In th= a2ttitudes of pupils of
differerg Qental ebilities  T:.y searmed to have the same
attitudes towarc mathemstics and calculztors.

finally Pcarsnn correlation wis .sed to test relation-
shiﬁ or %he groups achimvement scores to attituds scores.

r = 0.225, n =90 ata = .05. This showed that

thers was no high ralaticnship in the achievement scores
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and the attitudc scores. For the MAS and CAS
r=0.%%6, N =900 a = .07

The relationship of the mathematics attitude scores
and calculator attitud:c scores was not significant at
@ = .05. This was already evident in the analysis of
variance ot the variance cof the groups.

Nonctheless, this might have arisen out of uncantrolled
variance of pre-attitudes and other extraneous factors.
Since the AVOVA was not significant in all the groups, tests
of significance for the treatment groups were not carried

out.

3.7 Discussion on the result of Pilot Study

The number of subjects in the groups could have
affected the statistical analysis as related to significance
level. for larger number cf subjects the result could have
possibly been different. The pilot study was able to esta-
blish that there was significant cifference in post-test
scores of the groups UCU, RCU, WNCU which led to the rejec-
tion of the null hypothesis. Though, no tests of signifi-
canre for the treatmsnt groups were further carried out,
there was not anough evidence of equalisation of the
groups through pre-test and pre-attitudes. Hence it

would be difficult to ascertain what had contributed to the
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difference in .50t scores either it was the
treatment u. other factors. As regards the groups' atti-
tudes, most of the tests showed no significant difference

in the mean attitude scores, This would likely be that the

groups had similar attitudes towards mathematics and

electronic calculator. Further tests in the main study

might reveal more information about these findings.

3.8 Detection of flaws corrected for the main study

The pilnt study revealed certain aspccts of research
procezcures wvhich needed to bhe corrected before the main
study: (i) ths numtsc of schools (ii) number of subjects
in each group (iji) no pre-test and pre-attitude question-
naire «ere administered. '‘he pilot study begam with 12
subjects per groups but ended with 10 subjects per group.
Like in mzst experimental studies that would go on for
weeks, arra>;cment should be made to take care of subject
mortality. < Tie number of schools increased to three in
the main study which could re<ucz subject céntamination of
treatment. In the pilot stucdy instructions and tests were
carried out after the school hours - bacause of the problem
of school's time-tabi». Most of the pupils complaioed of
physical tiredness. The problem of time-table was tackled
during the main si:dy when the study took place during the

school hours and in the momings. For tha main study,
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threc comparable: schools wire used, it became necessary

to have covperating teachors from the different schools to
assist in the instruction ind testing. Efforts were made
to briei all the pupils in the study and the cooperating

teachers about WL ——
about the purpose of the study and its {dnlicaticns

to mathematics education in Nigsria.

Some of the limitations experienced during the pilot
study related mostly to incorporating the instructional
tirw into the normal school-hours. Pupils' trepidation as
regards the nxndling of the calculators and pupils' anxiety
in the face of calculator during pilot study was somehow
remedied for the main study. The pupils could not take the
instructicnal module and calculators home to practise. For
this kind of study, the experimental groups could have been
much more motivated by allowing them to take the modules
and calculators home for practice.

However, the non-calcu.ator groups was discouraged
from the use of calculators. In fact, they would not be
exposed or advised to use calculator either in class or at
home throughout the study. The main study took cognizance
of the pilot study results on the use or non-use of calcu-
lator and some plausible answers to the introduction or
otherwise of technological devices such as calculators,

computers etr. into instructional systems.



CHAPTER FOUR

THE MALN STUnY e THODOLOGY

4.1 Design
The experimental design for the main study was slightly

mocdified from the pilot study design so as to take care

of the flaws identified in the pilot study. One of the
corractions carrizd out was to make use of three compar-
able secondary schools (mixed) in I badan instead of one
school used for the pilot study. Three groups were used

in each of the three randomly selscted schools.

MENTAL ABILITY LEVELS

sciont HICH MENTAL  AVERAGE MENTAL  LOW MENTAL
ABILITY ABLLITY ABILITY
HM A CT,) AMA. (C) LM A, (Cq)

Unrestricted

SCHOOL Groups (UCU) A B £
E1 Calculator in 1 2 3
Instruction (n=14) (n=14 (n=14

and tests

Restricted 0 E F
SCHOOL ~ Groups (RCU) 4 5 6
E Calculator in g = -
2 tests only (n=14) (n=14) (n=14)
o No Calculator G H I
SCETOL  Uge st All 7 8 g
3 Groups (NCU) (n=14) (n=14) (n=14)
Fig. 7: A paracdigm of 3 x 3 factoriel design for the main
study.
N = 126 subjects
K &= 98
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Variables used in the main scudy
VAR 01 MAT - Mental ebility test scores
VAL 01 PEA - Pre-attitude questicnnaire scores
VAR 03 PET - Pre-test scores
VAR 04 POA - Post attitude questionnaire scores
VAR 05 POT - Post test scores
VAR 05 MAS - Mathematics atiitude questionnaire scores
VAR 07 CAS - Calculator attitude questionnaire scores

In th=2 main study, no intact classes were used and therefore,
the use of covariates allowed the pre-test mean scores and
pre-attitude mean scores to serve in adjusting the initial
differences or equalizing factors within and between
groups. In addition, the pre-test served as a measure
of the level of pupils’ prior familiarity with the selected
learning material centent on which the test was based. The pre-
attitude questionnaire administration was to help to establish prior
attitude of subjects towards mathematics and celculstors, and if, there would

be any attitudinal change as a result of the treatment or otherwise.

If T, represents the Pre-test or Pre-attitude, X1

the treatment one - the use of calculateor in tests and

instruction, X2 restricted caiculator use in tests only

S —



P §
(83]
-
]

and T2 the cost treatment tests or ettitude measure; and
R means randorizetion cf trcatments to groups.
Then, the design can generally be represented as

folicws:

4.2 Tlopulation of the mcin study

Secondary schools in I badan Municipality constituted
the populatizn of the study and the three mixed secondary
schools used for the study were selected by the following
method. There were ninety-five (S5) Junior and Senior
Secondary Schocls in Ibaden Muricipality at the time of the
stody. A multi-_.age otratified random sampling tachnique107
was used in celecting the schools.

First stage, schools in Ibadan were stratified on the
basis of th.se that offered students for the West African
School Certificate Examinations of WAEC in for the last ten years
and those which did not. There were thirty:three schools
in this category.

Second stage, 211 those schools selected in first stage

were stratified nn the basis of whether they were mixed

107. Cnein, I. "An Intrcduction to Sampling”. 1In
C. Selltiz et el. I cszarch Methods in Social
relations. HNew York. Holt, Rinehart and
Winston, 1959, pp. 508 - 545,
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schools or ot (Sce Appendix 12). There were sixtenn (16)
schools in this category.

The third stage, using @ random sample (by baltot)
five schools from the mixed schools were selected. Out of
the five schools only three of the schools satisfied the
condition of comparability and were selected. The‘three
(3) schools were:

1. Holy Trinity Grammar School, 0ld Ife Road, Ibadan.

2. Islemic High School, Basorun, Ibadan.

3. 1Ibadan City Academy, Eleta, Ibadan.

The three schools were then randomly selected (by ballot)
into #re=ztmesti: groups with school 1 as the experimental
school 51 - the unrestricted calculator groups (UCU) (to
use calculator in instructicn and tests); experimental
school EZ - the restricted calculator groups (RCU) (to use
calculator in the tests only) and schocl 3 the control -
the non-calculator groups (NCU) (E3].

Subjects were then randomly selected into these treat-

ments and control groups.

4.2.1 Subjects of she main study

Form five pupils in their first term of their last: ysar
in the secondary school were used as the subjects for the

study. In each of the thre > Teralls Eaim £l e =22
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the merntcl ability tests (vsrbel and numerical) so as to

be able to divids them into different ability levels. 1In
schocl (1) eiphty four (C4) pupils toock the tests and

forty eight pupils were selected into the different abilitv
1 vels (s-.«¢ Table 22 ), 1In schoel (2) seventy six (76)
p.pils took the tests ~nd only forty eight were selected
intz the diffcvent ability levels. In school (3) one
f.undred and fifty nine (159) pupils took the tests and
feriy-eight (48) pupils were selected. All selections

were done r:andomty for the different ability levels.

TABLE 22

Summary of Mental Ability Tests Scores

for Schocls 1, 2. 3 in thz Main Study

[ ! MEAN | RANGE OF ABILITY LEVELS SCORES

SEHoOLs; MY S0 | "ha AMA LMA
T Y

1| 84 ;25.54 7.8 (37 -52 ‘30-36 | 25 - 29
3 ! H

2 . 7670 32.78 112.5941 - 56, 33 - 40 | 25 - 32
; E | | ) H

' | 25 - 33

3 i159 ' 33,025 8.97{ 41 - 52 |34 - 40
' H

An averace of sixteen pupils per group started the
programme. There wers nine (€) groups in all with the

total number of subjects thnat started as one hundred and
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and forty four (144). However, by the end of the programme
some of the pupils hed dropped out which left an average of
fourteen suvljects per group. Where there were more than
14 subjects per group the extra(s) were randomly dropped

on the basis of sex. Like in the pilot study the groups

were equalized on sex at all times.

4,3 Comparability of Schools

The study had taken care of sex variable by having
equal number ¢f girls and boys in each group. For the
comparability of the schools the following conditions were

considered:

i. Results of the schools in the West Afriean

Examinations Council (WAEC) examinations
and mental ability tests.

ii. Age of the schools - this had been taken
care of during the selection. '

iii, Qualifications of teachers.
is. Sequercing of topics in the scheme of work.

v. Opinicns of teachers and pupils.

vi. Training of teachers for the programme.

The WAEC results of the three schools in mathematics

from 1980-1984 were obtained and analysed.
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TABLE 23

WAEC Resutts in Mathoematics for Schools 1, 2, 3

Percentage Puoses: 1980 - 1984

AVERAGE

SCHOOLS 1980 1981 1982 1983 1984 PASSES
HOLY TRINITY -
GRAM 3CH00L 43 24.6 45.5 45.5 85 48
“SLAMIC HIGH . = p
SCHOOL 53 52 33 37 31 48
IBADAN CITY :
ACADCMY 62 55.6 42.4 41 50 50.2
TABLE - 24
Analysis of Variance of Mean Percentage Passes
of tha Schools 1, 2, 3.
SUM SQUARES MEAN SQUARE F SIGNIF.
SOJRCE e S8 s RATIO ~LEVEL
BETWEEN GROUPS 2 1233.222 116.611 0.185 NS
WITHIN GROUPS 12 7556.488 623.715
TOTAL 14 7789.81

NS: Not Significant at P = .05
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This table on the mean percentage passes on the schools

showed that there was no significant difference in thsir

meun passes.

it cculd then be inferred that the three

schools might have performed relatively equally in the last

five years 1980 - 1984,

Hence, the three schools were

possibly comparable on this basis.

When the results of

all the pupils who tonok the mental

ability tests in the three schools were obtained and analysed

it helped to determine if the schools were comparable on the

mental ability tests scores.

TABLE 25

Analysis of Variance of Mean Mental Ability

Test Scores of Schools 1, 2, 3

SOURCE Df SUM COF MEAN F-RATIO SIGNIF.
SQUARES SQUARES LEVEL
5SS NS
BETWEEN GROUPS 2 1359. 41 675.705 . 0.873 NS
WITHIM GRCUPS 316 246024.30 778.59
TOTAL 318 24733.71

NS: Not significaﬁt at p = .05.
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The table showed that there was no significant
difference in the mental ability test scores of the three
schools. Thouch the number cf pupils who Look the tests
in the schools were not equal: N1 = 84, N2 = 76 and N3 =
159 it would appear that the groups .could be compared on the
test scores and being relatively equal statistically.

To obtain informatinn on th2 cther conditinns of
comparability, a guestionnaire was constructed hy the
researcher (See Appendix 16). The face and content
validity of the questionnaire were carried out by this
investigator and some lecturers in the Teacher Education
Cepartment, University of Ibadan. Teachers of mathematics
in the three schools responded ta the items on the

questionnaice.
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Tzacher's Variables and Content Coverage

Sckiol School School Average

1 2 3
No. of Mathematics
Teachers in Sampled 5 6 5 543
Schools
Total Years of
Experience of the 58 37 24 40
Teachers
Syllebus (Covered )
(Partially ) 0.4 0.33 0.4 0.38
(in the year)
Syllabus (Covered )
(Fuliy in ) 0.b 0.67 0.6 0.62

(the Year )

The teachers in tne three schools indicated that they
hed taupht esquations to their pupils at different terms

of the year for different clesses before the pupils reached

first term of Fcrm V.
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TASLE 27

Calculator ‘'sare Effectivzness by Taachers

*Very " Not Total No. of
Effective Effective Evfective Responses
SCHCOL 1 = 2 3 5
SCHOOL 2 = 3 3 5
SCHOOL 3 - 3 2 &

None judgzsd Calculator to be very effective at the
secondary scnool level - this cannot be a conclusive

evidence on C=lculator effectiveness at secondary schocl.
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TABLE 728

Use of Instructional Materials by Schools

Materials School 1 School 2 School 3
Four figure Table + + +
Calcularor + + -
Mathematics Set + ¥ +
Slide Rule ~ + =
Geoboard - + -
Other boards (Graphboard + - +

etc.)

Objects (Sticks,
Shapes etc.)

+ Used in the school

- Not used in the school.

From the available data, it would appear that the three
schools were comparable.

4.4 Monitoring the Cooperating Teachers

“he design of the study involved conducting iests and
having classroom instructions during the school heours.
Because of =he problems of schools’ distances and time-table

it became .uperative to solicit the assistance a n d
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cocperation of mathematics teachers in the sampled schocls.
Threcugh the Principals, the orm V mathematics teachers in

the schocls were briefed on the purpcse of the study.
Fortunately all the t hre e school teachers agreed

to assist in the programme. The teachers were shown the
format of the "Teacher - pupil - materiel Interaction model”
developed From Dgunniyi108 Laboratory Interaction Categories
(LIC) - a modifisd version of Flanders’' Interaction Categories.
This methcd was used to bear credence tc Flanders' findings
that, teaching behaviour is the most potent, single
cortrollable factur that can alter learning opportunities in
the classrocm11.

In order to deter.ine the tecachers’ classroom effectiveness
and behavioural characteristics of the pupils the investigator
decided to observe Teacher - pupil - material interaction in
the three schcolc. Each of the teachers was cbserved for
thirty minutes three times in a week and the records of

observations were then analysed.

108 Ogunniyi, M.B.: An eralysis of laboratory activities
in selected Nigerian secondary Schools. European
nournal of Science Education. 13983 Vol.5, No. 2,
1895 - 2071,
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Permission was sought end granted frcm the Principals
of sampled schools to cbserve ‘he cooperating teachers and
pupils during their lessens. Thus, arrangement was made
to cbserve the teachers and pupils wheneveb they had
mathematics on t?eir school time-table, and was held with

cnly those pupils in the study.

TABLE 28

A Compariscn of Percentapge of Teacher/

Classroom Interacticns Behaviour

PERCENTAGE RATING MEAN so
TEACHER'S CATFCCRIES SC?OOL SCgODL SCgﬂUL X
A - Accepts Feeling 0.3 0.1 0.42 0.30 0.13
G - Gives Verbal rewerd C€.3 0.19 0.22 0.24 0.029
R - Reinforces restonse 2.02 1.57 2.20 1.93 0.32
Q - Questions 15,35 18.83 13.96 17.066 7.83
L - Lectures 12.55 15.42 14,58 14.19 1.43
D - Directs 15.54 8.33 8.61 10.93 4,25
C - Criticises 4,744 1:55 11562 5.97 5.10
Wi OQuebulates 2.61  5.09 0.42  2.7066 4.68°
S - Supervises 2.E84 4.3 9.07 5.353 3.32

* The stai dard deviaticn calculated for the materials do
appear to be high compzred with cthers. Table 29 continues next
page with the pupils' categories.
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PERCENTAGE RATINGS MEAN

SCHOOL SCHOOL sScHooL X
1 2 3

PUPILS' CATEGOf IES sD

RQ - Rssponds to questions 13.35 18.49 12.41 14.95 3.16

I - Initiates questions 1.26 1.56 1.04 1.287 0.26

IT - Initiates talk 2.60 3.75 0.82 2.39 1.48
CA - Calculates JUsing
matertals 9,83 6.48 6 N 7.49 2.05

RD - geads' Writes/and/or 44 59 ;.24 13,78 10.76 3.32
raws

N - Non-productive 1.74 6.81 7.84  5.50 3.28
activitics

n = 3 recordings in each school.

N = 14 - 16 (Nec. of students per group).

Variability in the use of materials as shown by the
standard deviation seemed to ba high, and this would appezr to sug-

gest the difference in the teachz2r - students interaction.

The interaction jattsr», ~frem TebEls 28 showed that the
three teachers were direct tsachers, thay did no; use materials
much. Hence the teachersof schools 1 and 2 were advised to
use more of the materials - particularly teacher of school

(1) who had to use calculater throughout the study.
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TABLE 30

Percentapge Distribution of Teachers' Questions

CATEGORY OF PERCENTAGE RATINGS MEAN
QUESTIONS  geypgL 4 SCHOOL 2 SCHOOL 3 X S0
FLCTUAL 41.786 275 41,02 36.76 8.028
RHETORICAL 44,37 57.9 39.88 47 .38 9.41
LEADING 7355 11.8 8.58 9.31 2.22
PROBING 6.30 247 5,54 4.86 1.9
TASLE 31
Mean Distribution of Guastions/Minute
of TzachersPupils Interaction
TIME 1IN MINUTZS
GROUP
1 - 10 11 - 20 21 30
TEACHER'S OF SCHOGLS 1,2,3
kv 152 1.016 1.18
X
PUILS OF SCHOOLS 1, 2z, 3
% o 1 0.7 0.85

X
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Tables 29-3. showed *l.at the teachers had relatively
the same pactern ¢i Teachur-Student and material interaction.

Thus, it coold be inferred that the three teachers were

direct teachers. The only variation is in the use of
materials where they have been designed to be structurally

different as indicated in the research design.

4.5 Administration of Instruments

When th: cooperating teachers had been found to be
comparable by the Teachar-pupil material interaction model
they were advisad about how to administer the instruments.
The pupils had been scparated into different ability levels
through the mental ability tests scores, they all had to
take the pre-test and respcnd to the pre-attitude question-
naire. The sessions were hcld for thirty minutes (7.30 -
8.00 a.m.) on Mondays, Tuesdays and Wednesdays in the three

schools. Thursdays and Fridays were used té hold dialogue
with the teachers.

The pre-test and pre-sttitude responses were collected
from tne teachers before the treatments started. The teachers
were advised to keep record of attendance of pupils. Each of

the teacher was supplied with the instructional modiile. They



were advisec tc follow the instructional format in the

module &and they werz instructed not to use any other teikt

for the study. The calculator groups were supplied with

hand-held cclculators. Each pupil in the two treatment

groups (Eq @nc Ez) used calculator on the pre-test. The
next treatment was instruction which was carried out by

the cooperating teachers. The unrestricted calculator

group used ca.culatur throughout tite tieatment period.
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4,5.1 Guidelines on tha Use of Calculators

Calculators were used by the experimental groups:
61 and EZ' E1: Calculator use- in instruction and tests.
EZ: Calculator use in tests only.

The subjects in these groups and the cooperating
teachers were instructed by the investigator on how to use
the calculator. The instruction on how to use the calculator
took place two days prior to the commencement of the six-
week duration of the study. E1 groups who were in the
same school received the instruction first day and they were
followed by ¢2 groups the second day. There were three
sessions per day, and each of the instructional sessions
was neld with high, average anc low mental ability groups
respectively., Each session had a duration of thirtylnhymss
and they vere held immediatcly a¥ier the school hours
(2 - 3.30 ».m.) in each of the schools.

Fourteen calcnlaters were made available to each
group ( one per pupil). This allowed the pupils to get
familisr with the calculators. '

PROCEOURE:

The pperational keys of the calculator were shown:

addition (+), subtraction (-), multiﬁlication (x), division

(#), .quare root (v7) percentage (%), memory storage M*,m

R.C M), See Fig. 2). When the pupils could identify and
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operate them, the follewing example wgs done with the groups

using the ca

Simplify the

SOLU'IGCN:

OPERA

lculator:
expression:

55 x 10 - 7.22 (7.22 %

TIONAEL KEYS

Punch
Punch
Punch
Punch
Punch
Punch
Puncl.
Punri.
Punch
Punch
Punch
Punch
Punch
Punch
Punch

cM/C

5 twice
X

10

7 points{.) and 2 twice

7,point (.) and 2 twice

1 and 0, point(.) 9 & 6

Mo
R.CM

Ans.

10.96)

DISPLAY ON SCREEN

= 542.12125

0.

55.

55.

10.

550,
550.

7.22
542.78
542,78

7.22M
7.22"

10.96"

0.6587591"

0.6587591"

542.12125"

This answer was checked with the paper-and pencil

calculation and comparison was made between the answer from

calculator and the paper-and-pencil procedure.

The pupils

were "hen asked to practise with rure exercises on calculator.

The teachers checked ths pupils' work and made corrections

where necessary.



~169~
2. Calculators were used with the instructional module
copies of which were supplied to the E1 (Calculator in instruction
and tests) groups only. The teacher of E1 groups was specifi-
cally instructed that the pupils in his group should use only
the module and no other textbooks should be used by them.
After the operational uses of the calculator had been done
on the first day, the investigator advised the groups to
continue the next day on the use of calculators with their
copies of the instructional module.

The general instruction on the use of calculator with
the instructicnal module can be found at the end of the
module (see Appendix 7). Tihe other two cooperating teachers
were given the instructional modules to be used as the teaching
and learning material. The pupils in their groups were
not supplied wilh the module. These other groups did all
the culculations with paper - and - pencil as they were
used to in their normal mathematics class lesson.

During the fcour weesks of instruction the cooperating
teachers were closely mcnitored. Each of the teachers was
observed three times a week and records were kept. This was

to make sure that they were carrying out the objectives of

the programme. Attempts by the teachers to deviate from the
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expressaed objertives were corrected. Throughout
the durat’on of instruction the teacher candidly
cooperated.

By the sixth week the post-test and post-attitude

questionnaire were administered.

4.6 Data Collection

All data used in this study were collected
from the sampledschools. The mental ability test
scores of the nine groups were extracted from total
scores c+ those form five pupils who took the ML and
MQ tests in the thres schools (See Table 22.) The pre
and post tests scores, and pre and post attitude
questionnaire scores were collated by the investigator.
The pre-test scores were 15 points and could have been
doubled to equal the post-test scores of 30 points.
However, this could have statistically made no difference
in results because analyses were done with the means

of the scores.



-171-

4.7 Data Analysis of the_Main Study
Analysis of data comprised the comparison of post-
treatment and post-attitude mean scores (FOT, POA)

with the prz-t-:st and pre-attitude mean sccrzs (PET,PEA)

respectively. The computer library programme LIB@2@P, was
used for:

(i) all the analyses of covariance

(ii) Analyse- of variance

(iii) the significant mean effects

Comparison o* significance ~{ the msans the multiple

range tests u:zing:

(a) Student - Newman Keuls (SNK at a= ,05)
(b) Scheffe elpha is .0%

all ONE WAY
ANOVA

(c) LSO alpha is .05

Nt N s

-

(d) Tukey alpha is .05
(iv) Pearson correlation coefficients.

(v} Multiple regression analyses

(vi) Frequency distributions.
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All tests of significance ware carried out at P = .05,
and all computat .ons/programming were with the 1id of the
University Computing Centuor. except for the t - tests
comparision of means which were done with the hand-held

calculator.
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CHAPTER FIVE

RESULTS CF THE MAIN STUDY

The results of the study were discussed in relation to

the null hypothesis earlier stated.

5.10 Hypothesis 1

There will be no significant difference in the

achievement mean scores of those groups of pupils who used

(i) calculators in tests and instruction - the unrestricted

group (UCU) (ii)

group (RCU) and (iii) No-calculators at all (NCU).

HQ; ME1 .

Summarv of the means, standard deviations and

calculators only in tests - the restricted

ME

ME3

TABLE 32

= .05

That is:

varianc~s of the three Groups (UCU, RCU and NCU)

*Variables N Mean SD Variances

MAT 126 3€.803 7,87?9 58.950

PEA 126 81.2837 11.4200 130.4164
PET 126 9.1349 3.3331 11.1085
POA 126 84,0387 13.1954 144,1186
FOT 126 14,2381 4,9565 24,5668
MAS 126 47,4683 7.3065 53,3703
CAS 126 36.5873 11.8701 140.8993
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Fach of the groups unristricted calculator (UCU) as E1,
restricted rsleoulstor (RCU) as E, amd ron-calculator (NCU)
as anas made up of three groups of three mental ability levels:
high mental ability (HMA) as C,, average mental ability (AMA)
as C, and low mental ability (LMA) as C3, and this gave the
total -umber of groups to be nine (See fig. 6). For the computer
programming and analysis of the data each of the three groups

merged into one to give three groups in all for treatments

and also three groups for mental ability levels.

That is E,: (1, Z: 3 =1) :ucu
E,: (4,5, 6 =2) : RCU
Eq: (7, 8, 9 = 3) : NCU
Cu: (1, 4, 7) =4 ¢ HMA
C,: (2, 5, 8)% 2) : AMA
C3: (3, 6, 8)= 3) : LMA

All tests of significance were carried out at
p = .05 but the use of computer foi the analysis gave the
results of thr statistical computations to the nearest signi-
ficant levels. For exaemple there were .001, .01, etc p-levels,
and for this study, they are highly significant. Other signi-
ficant levels different +“rom p<¢.05 or p > .05 were used as
they were received from the computer-print-out. They did

not afrfect the interpretations of the results.
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TABLE 33

Analysis of Covariance of Post Achievement

Test Scores of UCU, rCU,

and NCU Groups

Sourne df Sum of Mean F P
squares squares Ratio

SS MS
COVQiiATE 1 165.819  195.813 = 12.341  .001***
MAIN EFFECTS 2 938.265 469.633 29.598 « 00" **
EXPLAINED 3 1135.084 378.361 23.846 .001%**
RESIDUAL 122 41935.758 15.887
TOTAL 125 3070.822 24,567
*** Highly Significant at .001

When the mental ability test scores (MAT) were used as

a covariate on the post-test scores there was significant

difference at o = .001 of the group - means.
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TASLE 34

Multiple Clas->fication Analysis of Post-Test

Scores 8y fSroups UCU. Rud and NCU with Mental

Ability Scores

CRANC MEAN = 14,24 ADJUSTED
INDEPENDENTS
VARIABLE % CATEGORY UNADJUSTED + COVARIATES
GRP N DEV "N BETA  DEV'N BETA
1 42 3.14 4.01
2 ‘2 =10 =951
3 42 -2.05 -2.40
0.46 0.58
MULTIPLE R SCJARED = 0.370
MULTIPLE R = 0.60%8
From EZ = .37, indicatad that only 37% of the

variancs in the criterion measur:z of nost-test scores was
associated with the mzntal abilily test scores whereas the
r2mainiogB3% of the variance might have been dua to

treatment or some tc errar.
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TABLE 3%

Analysis of Variance of Mental Ability Test Scores

the three Groups (ULU, RCU and NCU)

SUM OF
SQUARES  NEAN
SOURCE af SO SQUARES  F- SIGNIF.
MS RATIO OF F

MAIN EFFECTS 5  748.519 374.308  5.935) 0.004*

GRP
EXPLAIRED 2 748.621 374.311 5.935 0.004**
RESIDUAL 123 1,56.938 63.065
TOTAL 125 8505.559 68.044

** Significant at p < .01

The mentzl ability scores were used to divide the
puprils into nitfarenrt ability levels. Hence, one would
expect a signifircant difference in the means of the mental
scores of the groups. When the mental ability scores of the
groups were used as tha covariate to post-btest scores there
were significant differences ' in the covariate, main effects,
and explained variance of the groups: Hence, there was signi-
ficant difference in the post-test scores of the groups.

Since ali the groups tock the pre-test which was to
serve 15 an equalizing factor, an analysis of ccvariance of

the post-test was carried out using pre-test as the covariate.
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TABLE 36
Analysis of Covariance of Post-Achievemenrt

Test Score: of UCU, RCU and NCU eroups

SUM OF MEAN
SOURCE df  SQUARES  SQUARES F SIGNIF.
sS MS RATIO OF F

COVARIATE . . ns
) i 33,392 33,992 1.713  0.190
MAIN EFFECTS . 5 545,825 307.912 15.516 0.7 01°***

(GRP)
EXPLAINED 3 649,817 216.606 10.915 0.001°**
RESIDUAL 122 2421.025 19.844
TOTAL 125 3070.842 24.567
COVARIATE BETA

PET 0.007

LN H'

ighly significant at p < .u01

ns: .ot significant at p < .05
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TABLE 37

Multiple Classification Analysis of Post-test

Scores of Groups UCU, RCU anc NCU with Pre-test covariate

GRALJD HEAN = 14.24

VARIABLE + CATEGORY UNADJUSTED ADJYUSTED FOR
GRP N OEV'N ETA DEV'N BETA

1 42 3.14 3.10

2 42 -1.10 -1.08

3. 12 -2.05 -2.02
0.46 0.45

MULTIPLE R SQUAREC = 0.212
MULTIPLE R = 0.460

From R2 = 0,21, indicated that only 21% of the variance
in the crit«c-ici measure of pust-test scores was associated
with the pre-test scores wharezs fthe remaining 79% of the ver ance

might have been duc to treatnent er some t-~ =rror.
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TASLE 38

Analysis of variance of the Pre-test of the

groups UCU, RCU znd NCU.

SOURCL df suM CF MEAN F- SIGNIF,
SQUARES SQUARE RATIO LEVEL

MAIN EFFECTS

GRP 2 8515.531 4257.766 0.852 .999 ns
EXPLAINED 2 3515.563 4257.781 0.852 .998 ns
RESIDUAL 125 614953.436 49889.621
TOTAL 125 523468.000 4987.750

ns - Not significant at P = .05

The mean-Prc-test scores of the groups did not show
any significant diffarence at & = .05. This would suggest
that the three groups were squalized by the pre-test. Heice
any differencs on the post-test scores would likely be du
to the trzatment. To further test for the contribution of
each treatment zroups (UCU, RCU) to the significant difference
from the control group (NCU) a post-hoc analysis was
carried out to dstermine any significant differ 'nce among
the groups. If a significant difference did exist, which of

the grcups wis better than tne other was determined by

mult_ple range test of one way Scneffe and t-*-sts. It
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would be noted that LSD or Schefre could only be applied if

only and if there was significant difference at & = .05.

TABLE 39

Multiple Renge Test of Fost-test scores by

One-Way Scheffe Procedure - ANGCJ/At

SCURCE df SUM OF MEAN F Eé&giF
SOUARES  SQUARES ~ RATIO PROB
38 ns
BETWEEN GROUPS 2  641.332 320,560 16.23 0.001 ***
WITHIN GROUPS 123 2428.5273 19.7522

TOTAL 125 3070.8583

*** gichly significant at p < .001

The groups were rearranged into groups of 2 for

t-tests as shown in the table of t-test.(Table 40).

+ Oneway LSD, Scheffe, TUKEY-HSD and SNK were carried out,
and they showed the same result.
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TABLE 40

Summary of t-tests of the Post-test Scores

Groups UCU, RcU and NCU

GROUPS N X SO SD t-ratio SIGNIF
LEVEL
1. Ucu 42 17.38 4.483 20.10 5.354 <001 *¢e
NCU 42 12.191 4,450 19.384
2. ucu 42 17 38 4.483 20.10
RCU 42 13.143 4.44 18.784 4,35 .001 ***
3. RCu 42 13.43 4.4% 19.784
NCU 42 12.181 4.40 19.384 0.98 ns

*** Hiphly:signifizant at p < .u01

ns

Nnt Significant at

p:

Based on these two analyses one might suggest that

there would be significant difference in the mean post-test

scores of the groups.

rejected.

Further statistical test

regression analysis where the dependent -

Hence hypothesis

(see Table:41)

one was

of multiple

+ variable - post-

test scores and independent variablzs wers mental ability
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scores and pre-test scores.of the three sroups showed
significant difference (F (2,123) = 7.28 2t p < .01).

The results of the multiple regression analysis showed
that there w a s 3 linear correlation between the
dependent variable . post-tsst scores.and the independent
variahles (the mental ability and pre-test scores), This
correlation meant a significant relationship betwzen the
pnst-test scores anu the mental ability and the pre-.cst
scores.

Though, t h e hypothescis was rejected on the basis
of the statisical tests one would want to determine what
main effects if any, the treatments had on sach group of the
treatments and centrol. Considerad for analysis was the
unrestricted calculator groups (UCU) - those who used

calculator con tests and in insiruction that is, (A, 8, C'.
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TABLE 41

Multiple Regression Analysis of Post-test scorss with

mental ability and Pre-test scores TABC, DEF, GHI Groups)

ANALYSIS OF | SUM NF MEAN F SIGNIF —
VARI ANCE DF | SCUARES souARE Lo | LevEL
FEGRESSION 2 325.33122| 162.66561|7.26745 .01%
RESIDUAL 123 | 2745.52502| 22,32135

VARLABLES IN THE EQUATICN

VARI ABLE : BETA | SID ERRCR |F-RATIO |SIGNF. LEVEL

VAR 01 - MAT |0.19728| ©.32833| 0.05461 [13.052 | .01+

VAR D3 - PET |0.01536| C.21891| 0.00638 | 5.802 | .05°
(CONSTANT)  |6.75831

V ART ABLE MULTIPLE R p2

VAP 01 - MAT 0.25257 0.00377

VAR 03 - PET 0.3254¢ 0.105892

Significant at p < .01

Significant at p

< .05
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TASLE 42

of A, B,

o, Grouns of UCU

(MAT as covariate)

Source df gum oﬁ SMean F- Signif.
qu;g_s q;gres ratio Level

Covariate

MAT 1 180.565 1817.965 13.277 0.001 ***
MAIN EFFECTS

GRP 2 424,373 62.489 4.585 0.016%--
EXPLAINED 3 305.944 101.961 7.485 0.001™*%
RESIDUAL 38  517.357 13.630
TOTAL 11 823,400 20.095

*+» birhly significant at p < .u01

* Bignificant at p < -.05
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TABLE 43

Analysis of Covariance of Post-test Scores

of A, B, C Groups of UCU

{Pre-test as covariate)

Source df Sum of Mean F- Signif.
Squares Squares ratio Level
SS MS

COVARIATE
PRE-TEST 1 3.470 3.470 0.255 0.9938 ns
MAIN EFFECTS

GRP 2 302.392 151.186 1..091 0.001 ***
EXPLAINED 3 305.862 101.954 7,479 0.001 ***
RESIDUAL 38 518.038 13.633
TOTAL ; 41 823.500 20.995

*** Highly Significant at p < _ ,001
rs: not significant at p = .05
From the above table it appeared t h a t there was
no significant difference in the mean scores of the groups.
Since the mean - post-test scores were significantly
different for the three groups, a One-way Multiple range test
using LSO procadure was used to determine the level of

significance due to treatment.
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TABLE 44

Multiple rarcsc test of Post-test Scores of

Groups A, B, C. One-Way LSD Procedure - ANOVA

Source df Sum of Mean F F: Signif.

Squares Squarss Ratio Prob Level
SS MSs

BETWEEN

GROUPS 2 302.4727 15152363 11.3/ .001 e

WITHIN

GROUPS 39 521.433% 13.3701

TOTAL 4% 823.3063

***Higbxy Significant atp < .001

The three groups were re-arrangad into group of twcs

for t-test.
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TABLE 45

Summary of t-test of the Post-test Scores

of tne Groups A, B, C.

s 2 . ; Signif.
GROUPS N X SD SO t-ratio teuat
A 14 20.7143 4.9835 23.840 4,22 o 8]3 J fockbc
%« C 14 14.1429 3.00381 3.055
A 14 20.7143 4.8835 24,840
2. B 14 17.2857 2.4340 6.220 3.01 07 **
B 14 17.2857 2.4940 6.220
35 C 14 14.1428 3.,0091 9,055 3.18 <07, =%

*** HighlySignificant at p <.001
** Significant at p < .01

From statistical tests, the post-test mean scores were

significantly different for the three grouns and hence,

hypothesis one was again rejected.

The post-test scores of the restrictad calculator
groups were considsred fer analysis. The groups D, E, F who

used calculator in tests only.
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>
(o2]

TA3LE

Analysis cf Covarionce of Post-test Scores

cf Groups G, E, F.

Source df Sum of Mean F- Signif.
Squares Squarss Ratio af F

COVARIATE
PRE-TEST 1 317.210 317.210 26,035 .00% =
MAIN EFFECTS

GRP 2 30.940 15.470 1.270 .292 ns
EXPLAINED 3 348.150 116,050 Y.£25 .001 ***
RESIDUAL 38 462.990 12.184
TOTAL 41 311.14C 13.784

ns: Mot significant at p = .05
*¥*Hiehly ‘Significant at p < .001
Whatever was responsible for thes main effect not
being significant at @ = ,05 cculd be explained by the
multiple classification analysis. So as to determine the
level of significance  the multiple range test - LSD
procedure was carried out. In addition to furt..er determine
the treatment effects the three groups were rearranged into

groups of two and t-tests w=re done.
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TABLE 47

Multiple Cla=sification Analysis of Post-test

Scores of CGroups D, E, F with Pre-test scores

GRAND MEAN = 13.14
ADJUSTES FOR
VARIAELE + CATEGORY UNADJUSTED INDEPENDENTS
DEV'N ETA + COVARIATE
GRP N
CEV'N RETA
1 14 2.86 1.38
2 14 0.50 -0.C5
3 14 -3.36 -0.70
J.58 0.22

MILTIFLE Kk SRQUARED = 0.429

MULTIPLE R = 0.855

Rz = 0.428, indicated that only 42.8% of the variance

the criterion measure of Post-test scores vas associated with
the pre-iest scores whereas the remaining 57.1% of the variance
might have been due to treatment or some to'error.

In order to determine the treatment effect, One-way ANOVA

using LSD procedure of the multiple range test was carried

out, art the t-tests of the groups.
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TAELE 48

Multiple Range Test of Post-Test Scores of

Groups D.E,F, by Onc Way ANOVA LSC Procedure

. SUM OF MEAN
S0JRCE df F F~_ SIGNTF.
SQUARES ~ SQUARES  oa110 (ROP LEVEL
sS MS
BETWEEN
SROUPS 2 275.5703  137.7852  10.033 .001 °***
WITHIN
GROUPS 32 535.5742  13.7327
TOTAL 41 811.1445
TASLE 49

Summary of %“-tests of the Post-test
of Groups D,E, F.

v ‘ o Z _ . SIGVIF
GROUPS N X SO SO t-ratio LEVEL
L 14 16,000 3.4134 11,5922 T
1 F 14 9.7857 3.1906 132.1812 4,973 =001 ***
D 14 16.000 3.4184 11,6922 .
2 E 14 13,0643 :4,3953 49,3239 1.58 ns
E 14 13.€43 4.335% 19,3233
3 F 14 9.7857 3.1308 10.1812 2.39 .05

ns: Not Significant at P - .05

*** Hichiy Significant at?® < ,001

* Significant atp ¢ .05
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For the cproups N. F, F the meanc of the post-test
scores could b2 considered to be significartly Aiffurant,
Hence t h g hypothesis was again rejected.

The post-tesu scores of the non-caiculator groups were
also considered for analysis. The grcups L, H and I did
not use calculator in tests and instruction and were
treated as the control group.

TABLE 50U

Anclysis of the Covarience of the Post-test

Scores of Gruups G, H, I

B SUM OF  MEAN = F-RATIO SIGNIF
SOURCE df  SQUARES SOUARES OF F
Ss S
COVARIATE
PRE-TEST 1 385.968 285.968 3B8.81S 0.001 ***
MAIN
EFFECTS 2 30,679  15.338  1.543 0.226 ns
GRP
EXPLAINED . 2 416.646  13.8A2 13.968 0.001 ***
RESIDUAL . 38  377.827 g.04
T0TAL 41 734,473  13.377
ns : Not Significant at P = .05

***Hi-ily Significant at p < .001



Whatever 343 responsible for the ma2in =ffects
not to be significant at @ = .0% could be explained bv the

multiple classification analysis.

TABLE 5.

Multiple Classification Analysis of Post-test

Scours of Groups G, H, I.

GRAND MEAN3 = 12.13
VARIABLE + CATEGORY  UNADJUSTED AGIUSTED FOR
INDEPENDENTS
+ COVARIATE
GRP N DEV' N ETA DEV'N BETA
1 14 0.45 -0.52
2 14 1ol 1.20
3 14 2.6 -0.70
0.33 0.20
MULTIPLE R SQUARED = 0.524
MULTIPLE R - 0.728
RS = 0.5\  dndicated thet: 52.4% .of the veriance dn: the

criterion measure of Post-test scores was associated with
the pre-test scores (quite large). Whercas the rest 47.6%
of the variance might have been due to treatment or some

to error.
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In order to determine the level of significant difference,

and if this was due to treatment the multiple rarge test
one-way LSO procedure and t-*ests of the post-test mean

scores of the groups were carried out.

TABLE 52

Multiple Range test of Pos“-test Scores by One-way

ANOVA Procedure of Groups G,H, I

SOURCE df SUM OF MEAN F F SIGNF

SQUARES SQUARES RA/IO PROP LEVEL
SS MS

BETWEEN

GROUPS 2 1206.3320 60.1E60 3.481 .04 *

WITHIN

GROUFS 33 674.1445 17.2858

TOTAL e 794 .476¢E

.0¢

"

‘* Significant at P
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TABLE 53

Summary of t-test of Post-test Scores of Groups G,H,I

, . 2 o vs:.  SIGNIF
GROUPS N X SD SO t-ratio LEVEL
G 14 12.643 5.0931 25.9397
T I 14 9.9266 4.1224 16.994 1.55 ns
G 14 12.645 5.0931 25.9397
2 H 14 14,0000 2.9872 8.9234 -0.86 ns
H 14 14.000 2.5872 8.9234
3 1 14 9.9286 4.1224 16.994 2.992 01 %=
ns: Not significant at P = ,05

**  GSignificant at P.* .01

The effects of the covariate as represented by thr
pre-_.est seemed to:. have affscted the level of significarnce
of post-test scores as evident in the high cuvariates F-ratio
value. Though the multiple range test of USD producedure on
the post-test scores showed significance of F, it was
n o t high enough to have obliterated the effucts of pre-
test scores. 1In addition, the t-test was significant for

H and I alone of the three groups tested.
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Since F-ratio was significant as shown in the multiple
range test, hypothesis one was again rejected. The results
of the analyses carried out using multiple regression analysis,
one-way ANOVA, multiple range test and t-tests of post-test
scores (Tables 33 - 41) showed that there were significant
differences in the mean scores of the groups, hypothesis one
was conclusively rejected. It also demonstrated that (i) the
unrestricted calculator group (UCU), those pupils who used
calculator in tests and instruction were better in performance
than restricted group (RCU), those who used calculator only
in the tests as indicated by the comparison of the means of
post-test scores analysis and t-test, and (ii), the unrestricted
calculator groups (UCU) were also significantly better in
performance than the non-calculator group (NCU) as indicated
in the post-test scores analysis - t-test, and (iii) there
was no significant difference in the performance cf the
restricted calculator groups (RCU) as indicated in the post-

test scores analysis (See Tables 46 - 49),

This was further collaborated by the results of each of

the groups in UCU, RCU and NCU as indicated on Tables 42 - 53,

For UCU, Table 45 indicated that the high mental ability



= 1872 =

group of this unrestricted calculator group performed
significantly better than the low mental ability, as could

be expected, and also the same group did better than the
average mental cbility group, while the average mental ability
group cid also better than the low mental asility grcup.

For RCU, the high mental ability group of tf=z restricted
calculator group did significantly better than the low mental
ability group, There was no significant difference L lween
the performince of high and average groups but there was a
difference in the parformance ¢f the average and low mental
ability groups in favorr of average mental ability (Table 49).

For NCU, *he control group, that is, non-calculator
group there was no difference in the performances of high
and low; high and average except sverage and low mental

ability groups .. {Téble 53)

.20 Hynathesisg Z.
There will e no significant differenca in the achieve-

ment scores of those prouns of pupils of high,

average and low mental abilities. That is:
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TABLE 54

Analysis of Covariarce of Post-test

Scores of the groups HMA, AMA and LMA

— et e

SUM OF MEAN

SOURCE df £ SIGNIF
SOUARES  SOUARES
& ue RATIO _ OF F

CovgﬁiATE 1 195,821  195.821  9.915 0.002 **
MAIN EFFECTS

CRP 2 465.533  232.800 11.7638 0.001 ***
EXPLAINED 3 §61.420 220.473 1i.64 0.001 ***
RESIDUAL 122 2408.422 < 19.749

TOTAL . 12¢< 3070.842 24.567

** Significant at » <. .01

“*5

Highly Significant at p o .CO1

The mantzl ability scores could not have had
confounding affects on tne post-test score since the
groups had bszen randomly selscted oo the hesis of their
scores in ihe mental ability tests. This signific.nt
differznca:in the rertal ghility m=an scores.of the groups
vias exoected, This hacd besn corroborated On the ANOVA

table of MAT.(Table 55).
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TABLE 35

Anzlysis of Variancz of fental Ability Scores

of the Sruuas HMA, AMA, LMA

SOURCE df SUM OF MEAN F SIGNIF
SQUARES SQUARES RATIO CF F
SS MS!
MAIN EFFECTS Z 5610.9396 2805.4498 119.215 O0.0u1***
GRP

EXPLAINED 2 5610.996 2805.498 119.215 0.001***
RESIDUAL 123 2854.574 23.533

TOTAL 125 8505.570 58.045

*** Highly Sigoificant at p < .001
Therc was high significant difference on the mental
ability scores since tha groups were not equalized o. th s
basis, However, the effects of the pre-tsst on the treat.aent
weas able to dsmonstrate if actually the significance
difference in the post-test scores was éue to experimental

treatment or other factors.
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TABLE 25

Analysis of Covariancz of Post-tust Scores

of the Groups HMA, AMA, LMA

i e SUM OF ME AN F SIGNIF
SOURCE “f  SQUARES  SQUARES  RATID F
ss 35

COVARIATE
(PRE-TEST) 1 33.992 33.992 1.689 0.193 ns
MATN EFFECTS

GRP 2 581.73Y  290.853 14.454 0.001 ***
EXPLAINED 3 §15.731 205,244 10.199 0.001 ***
RESIDUAL 122 2455.111 20.124
TGTAL 125 3070.842 24.567

*** Hi HiySignificant at p <. .001
ns Nct Significant at p = .05

Whatever could have accounted fer the covariates no: to
b e significent at o« = .05 might have been due to the
equalizing fac-or of the pre-test on the groups, as it

could be det:z-:ad on the ANOVA table of Pre-test.



TABLE 57

Analysis of Variance of ths Pre-test Scores

of tha Groups HMA, AMA and LMA

SOURCE df SuM OF MEAN F SIGNIF OF F
SQUARES SQUARES  RATIO
S3 MS

MAIN EFFECTS

GRroP 2 11415.445 5707.723 1.147 0.321 ns
EXPLAINED 2 11415.500 5757.750 1.147 0.321 ns
RESIDUAL 123 612054.375 4976.051
TOTAL 125 622169.675 4987.758

ns : Not Significant atP™ = .05

The mean prs-test scores of the groups did not show
any signific=zat difference at a = .05. This would
sug;,est that tnz three groups were equalized on the basics
of the pre-tesi scores. Hence any differer.ce on the
post-test scorcs would likely be due to the' treatment
given to the groups. To further test for the level or

significance so as to ascertain which was due tu treatment

or other factors,a post hoc analysis was carried out.
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If a significant differznce did exist which of the groups
was batter than tne othar. Tec do this, multiple range
test oneg-way Scheffe procedure and t-tests were

carried out.

TABLE 58

Multiple Range Test of Post-test scores Cne-Way

Scheffe Procedura (ANOVA) of Groups HMA, AMA, ar.. LMA

SOURCE df ¢SuM OF MEAN F F
SQUARES SQUARES RATIO PROB
SS MS
SOURCE
GROUPS 2 5984.8945 247.424/3 14,776 0.001***
WITHIN
GROUPS 123 2475.9840 20,1258
TOTAL 125 3070.8534

4¥¢H3 hily Significant 2t 5 < .0O..
.

Similarly a multiple rezression analysis of Post-test
scores, table 58 showed sipnificant difference:

(F (2,123) = 28.398 at = < .00%)
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TABLE 5¢

Multiple Repression fnalysis of Post-test scorses with
Mant3l ability and Pre-test scores (ADG, BEH, CFI Groups)

ANALYSLS OF DF SUM GF MEAN F SIGNIF.
VARI ANCE
SQUARES SOUARE RATIO LEVEL

e

REGRZSSIUN 2 720.12586 360.06298 28,398 <00 fers

RESIDUAL 123 {1558,.53277 12.67913

VARIABLES IN THE EQUATICN

VARTABLE | =n [ BETA_[STD ERROP! F-RATIO CEVEL
VAR 01 - MAT ’ 0.12145 | 0.21836 n.0467{ 6.748| .01°*
VAR 03 - PET | 0.54684 r.42681 0.17772 25.773| .001**
(CONSTANT ) ! 3.41246

VARI ABLE MULTIPLE R R2

VAR 01 - MAT 0.41533 0.17254

VAR 03 - PET 0.56204 0.31589

*** Highly significent zt p < ,001

** Significant at n < .01
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TABLE 63

Summary of t-.est of _he Pnst-test Scores

Scores of Groups HMA, AMA, LMA

A = 2 2 X SIGNIF
GROUPS N X SO SD RATIO  LEVEL

HMA 42 16.4524 5.5708 31.03483 4.8 0.001***
1 LMA 42 11.2057 3.9589 15.6723

HMA 42 16.4524 5.5708 31.0343
2 AMA 42 14,9762 3.6990 13.6826 1.43 ns

AMA 42 14.8762 3.6890 13.6826
3 LMA 42 112857 3.9589 15.6728 4.4 0.001 ***

NS : Net Significant atp = .05

*** Highly Significant atp < .001

Taoles 54 - B0 showed that the ability groups
differed signiticantly from each other. The analysis of
covariance of fost-test mean scores showed'signiFicant
differencgat p < .001. The treatment effect too was
significant as shown by the multiple range test using
One-we's Scheffs Procedures. Basaed on the significance

difference of the mean scores of the high, average and low




mental ability groups 't h e hypothesis that there would
be no significant +Jifference in th=2ir mean post-test scorszs
was rejected. Since the groups were significantly

different inr their post-test mean scores, the three groups
were cempared using t-test, (Table 60 ), . Et was
found thst high mental apility proups pupilsPerformed tette-
than tha low mental ability group. The average mental
ability grour pupils also did sicnificantly bectter than the
low mentai ability groups. However, there seemed to be

no difference in the perfcrmances of high and average menta?
ability groups.

Thkough h ypothesis two was rejected on the
basis of the above 'statistical tests,one would want to
determine what main effects, if any, the treatments had
on each group of different mental abilities.

Thz post-test scores of high mentzl ability groups
(HMA) from =ach of the treatment groups UCu, RCU, and

control groups NCU were tested for signifitant difference.
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TABLE 61

Analysis of Variance of Post-test Scores

of Groups (HMA) One-way Scheffz Procadure

SOURCE df SUM OF MEAN F F
SQUARES SQUARES RATIU PROB
SS MS
BETWEEN GROUPS 2 450.3353 230.1680  11.054 0.001***
WITHIN GROUPS 39 812.0742 20.8224
TOTAL 41 1272.4102

***"Highly -Significant at P < 001

Table g1 ot Multiple rangz test showed that there
was significant difterence in the mzan post-test scores
of the groups. Further test would show the relative

performance of e22¢h group.
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ThBLE 62

Summarv of c-tests cf Post-test scores of

groups (HMA) (A, D, G)

“ROUPS N b3 1] 502 T-RATIO SIGNIF
LEVEL

A 14 20.7143 4.8835 24,3353

1 G 14 12.64.9 4,0531 25.8387 4.24 7 001°***

20.7143 4.9835 24.8353

b=
N
i

2 D i4 16.0C0O 3.4194 11.6323 2.92 0.01 **

(8] 14 16.000 3.4184 11.6923
3 G 14 12.0428 5.0831 25,3387 2.05 0.05 *

***Highly Signifieant at P ‘< .001
** Significant a+ p. . < .01
Significant atip < .05

Tne cbove t-test table cshows that high mental ability
group of unrestrictad calculator groups . (A); performed
significantly better than the high mental ability zroups
of restricted calculator groups ‘(D) and nen-c-lculator
groups (G)... Similarly thz high mental ability group of
restri ted groups performed vetter than the control groups

the non-czlculator groupsin the Post-test. This would
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factive on the groups and

suggest thal the treatmunt was cof
confirmed the rejection of hypothesis two.
> Average mental ability groups

The post tzst scorcs of
(AMA) frem each of the treatment groups UC', RCU and control
groun NCU wer= tested for significant difference.

TABLE G3

Analysis o7 variance of Post-test Scores of

Lroups AMA - One-way Scheffs Procedure

SOURCE df  SUM COF MEAN F F
SQUARES = SQUARES  RATIO  ppgp
Ss MS
cETWEEN GROUPS 2 112.8083 36.4531 4.814 o0.cll*
WITHIN GROUPS 33 ~ 44B.0742 11.4891
TOTAL 41 56C.8805
* Significant at p < .05.

Table 63 of Multiple range test showed that
there was significant difference in the mean po.t-test
scorzs, at p < .01. Further test would show the
relative perf-rmance of each group.



TABLE G4

Summnary of t-tests 2f Post of Post-test

Scures of groups  AMA (B, E, H)

. S 2 . . SIGNIF
GROUFS N X SO St t-ratio LEVEL

B 14 17.2857 2.484 6.220

1 H 14 14.000 2.9872 8.9234 3.16 wed1*®

B 14 17.2857 2.454 6.220

2 g 14 13.642, 4.3953 19,3240 27 0.05*

E 14 13.64238 4.3353 19.3240
3 H 14 14,0000 2.S872 8.9234 -0.25 ns

-

** Significant at P <. .01

* Significent at p < .05

ns Not-Significant at n = .05
The above t-tests table showed that average mental
ability group of unresctricted calculator groups (B) - =
perfermaed significantly better than the ave}age mental
ability groups of restricted calculated group(E) and the
Non-calculator group H). However, there seemed to be no
significant difference in the mean post-test scores of

average mental ability grougs (Z) and (H).:



+ In other words ,the restrictad calculator - average
mental ability group did net perform better than the
non-calculator - average mental ability group. The result
showed that the treatment was affective or the experimental
groups and confirmed the rejection hypothesis two.

The post-test scores of low mental ability groups
(LMA) from cach of the treatment groups UCU, RCU ard control

group NCU wers tested fo:r significant difference.

TABLE 5

Analysis of Veriance of Post-test Scorses of Groups

(LMA) - One-way Scheffe Procedure

SOURCE df SUM CF MEAN F F

SQUARES SQUARES RATIO PROP
SS MS

BET IEEN S2

GROUP3 171.5733 B5.7852 7.103 .002**

WITHIN .

GROUPS 24 471.0038 12.0770

TOTAL N 41 642.5742

** Significant at p < .01




Table 65 of multiple runge test showed that
there was signifinant diffarc-ace in the mean post-test
scoras at p < .01. Further t-tasts would show the

relative parformance of each group.

TABLE 66

Summary of t-tests of Post-test Scores of

Grouns (LMA) C, F. I.

C 14 14.1429 3.0081 5.C547 3
1 I 14 89.3286 4,1224 16.8942 331 0.01**

C 14 14,1428 3.0091 9.0547
2 F 14 9.7857 3.1808 10.1312 3.72 0.001***

F 14 9,.7857 3.1308 10.1812

3 I 14 3.9266 4,1224 16.9942 ».10 ns

***Highly Significant atp < .00%
** Significant atp _< .01

ns Not Significant atp = .05



The 2bcve t-tests toble showed that Low mental ability
group of unrestricced calcu.ator groups ' - C performed
significantly rctter thzn (i) Low mental ability group from
Non=-Cslculator - Centrel group I and (ii) Restricted
calculator group F. However, ther2 wes no significant
difference in thec mzan scores o the low mental ability
greups from RCU ai.d NCU., It would thereforez, appez that
thers was nn difference in the performance of thase two
groups. incugh tne result showed that the treatment was

relatively effective.
Again hypothesis two was rejected.

5.3 Hypothesis 3.

Thera will significant difference in the mean
attitude scorcs of thoss groups of pupils who use (i) Cal-
culators in tests end instruction (unrestricted Groups)
(UCu), (ii) Czleulators in tasts only (res..icted groups)
(RCU), and (iii) Non-calculators at all-comtrol groups
(NCU). ~That is

Ha @ X =X = X at ¢« = .05
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TABLE €7

Analysis of Covariancz of the Pcst-Attitude

Scores of Groups UCU, RCU, NCU

SOURCE df SUM CF MEAN F-RATIO SIGNIF
SQUARES SQUARE LEVEL
SS MS
COVARIATE

PRE-ATTITUCE 1 2502.72¢ 2502 .728 17.064 0011 ***

MAIN EFFECTS

CRP 2 %387.972 .B83.986 4.663 0.011**
EAPL-INCD 3 3675.703 1290.234 8.797 06.00%***
RESIDUAL 122 17893.831 14.671
TOTAL 125 21784.734 174,11

***Highl: - Significant at p <. .001
* Significant 2t 29.< .05
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TABLE 63

Multiple Classificatio:i Analysis of Post-Attitude

Scores cf Groups UCU, RCU and NCU with Pre-Attitude

Covariate
GRAND MEAN = 84.04
VARIABLE + CATECORY UNACJUSTED ABDJUSTEM FOR
INDEPENUENTS
+ COVARIATES
GRP N DEV'N"’ ETA DEV'N BETA
1 42 353 4,72
2 47 -2.94 -2.54
3 42 -0.59 -2.10
0.20 0.25
MULTIPLE R SQURED = 0.478
MULTIPLE R = 0.422
R2 = 0.178 = _ indicated that 17.8% of the variance in

the criterion measure of Post-attitude scores' was associated
with the Pre-attitude scores whereas tha rest 82.2% of the

variance might have been due tc treatment or to some error.
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TABLE B9

Analysis af Variance of Pre-attitude Scores

of Groups UCU, RCU and UCU

SOURCE df SUM OF MEAN Fe SIGNIF
SQUARES SQUARES OF F
sS MS RATIO

MAIN EFFECTS

GRP z 831.048 415.524 0.424 0.999 ns
EXPLAINED 2 831.063 514.531 0.424 0.999 ns
RESIDUAL 123 120682.0u3 881.155
TOTAL 125 121513.125 972.105

ns : Not Significant at o, = .05

Table 69 showed that thers was no significant
difference in pre-attitude scores cf the three groups.
This would mean that the groups weras equalized on their
attitudes before the trsatment. Any other variance that
would have accounted for the difference, if any, in the
post-attitude score-sof the groups might have been due to
the treatment.

Since the covariate, main effucts, and explained were
significant (See Table 67 ) it would be necessary to

determine (i) the level of significance of the means of the



post-attitudss scores and (ii) the level of significance of
the attitudinal charge betwecn Pre-attitudes and Post-
attitudes mean scores.

The one-way iwltiple range test using student - Newman
Keuls (SNK) procedure was used to determine the level of
significance due to treatmsnt or otherwise while multiple
regression analysis was used to determine the level of

significance cof ti.. attitudinal change.

TABLE 70

Multiple range Test of Post-attitude Scorss

of Groups UCU, RCU, NCU by Student - Newman -

Keuls Procedire (SNK) ONE-WAY ANOVA

SOURCE df sum IF MEAN F-RATIO F-PROB
SQUAES SQUARES
S MS

BETWEEN GROJPS 2 47°.3750 235.6875 1.217 0.299 ns

WITHIi GROURS 122 2381:.000 183.5335

TOTAL 125 2428:.2750 !

NS = Not Significant atp = .05

The tahi= showez that the means of the groups were not
significantly diffevent at p = .05. This would mean that

there was no difference in the mean attitude scores of the
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TABLE 71

Multiple Regression Analysis of Post-attitude scores

vith Pre-attitude scores (ABC, DEF,

GH I Groups)

ANALYS.S OF SUM OF MEAN F SIGNIF.
VARI ANCE SOUARES SQUARE RATIO LEVEL
REGRESSINN 2502.77415| 2502.77415 | 16.11170| .001***
RFSIDUAL 19262,02744| 155,33893
VARIABLES IN THE EQUATION
SIGNIE.
VARI ABLE B | BETA | STD ERROR |F-RATIO | LEVEL
T
VAR 02 - PEA 0.39182 lo. o' 0,03752 | 16.112 | .001***
(CONSTANT) 52.18706 | I
l
|
VARIABLE MULTIPLE R R?
VAR 02 - PEA 0.33910 0.11499

.

Highly significant at p <

.001

.
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groups. Whatever cculd have accounted for the significant
differences on Tabie 67 might have due to other
variance(s) ar error. To de:ermine if a difference did
exist between the Pre and post attitude scores a multiple
regression analysis of the post-attitude scores as
dependent variable and pre-attitude scores as independent
variable was carriad out {'See Table 71)X

(F (1,123) = 1C.1117, p < .001). While the adjusted Rz
value was 0.11, that is, 11% of the variance was due to the
Pre-attitude wherea. 89% would have been dur to the
treatment on the grcups giving rise to the significant
difference in post-attitude scores, or any other error.
The F-value of this regression znalysis showed that there
was significant difference in the mzans of the pre and post
attitude scorec. This attituainal change could be
attributed to the treatments.

Though there had beaen cnhange in attitudss as a result
of the treatments this was nct sifficient enough to
have brought a difference in the post-attitu&es of the
groups. Hence, hypothesés three was accepted.

There was no significant difference in the mean post-
attitv 'e score of the groups despitz the change in attitudes

of the groups.
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The chznge in ettitudes of the groups could have been
attributed to some treatments on the groups. To determine
which of the groups showed 2 significant difference in their
attitu“er toward mathematics and calculator, t-tests were

carried out.

TABLE 72

Summary of L-tests of Post-attitude Scores

of Groups UCU, RCJ and NCU

& 2

CROUPS N X sD sD SIGNIF

t-ratio LEVEL

ucu 42 87.571 15.5964 243.250

1 NCU 42 83.4524 17 5707 160.5466 1.33 ns

ucu 42 67.571 15.5864 243.250
2 RCU 42 80.0852 10.6780 114.041 2.22 0.05*

RCU 42 80.0852 10.6780 114.041
3 NCU 42 83.4524 12.6707 16N0.5466 ~-0.972 ns

* Significant at p < .05

ns = Not Sipgnificant at p = .05
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Table 72 shewed that there was no difference in
the post-attitude scores of those who use calculators and
those that did not usc calculators. Howaver, there was
some significant difference in the post-attitude scores of
unrestricted calcula2tor group and restricted calculator group.
The overall picture showed that there was no significant
difference in the post-attitude scores of the groups, and.so
hypothesis three was not rejected. The groups had

the same attitudes toward mathematics and calculators.

TABLE 73

Summary of t-tests of Post=attituds Scores

of the groups UCU : A, B and C

' 5 2 SIGNIF

GROUP N X so SD T-RATIO ’EvEL
A 14  89.857  16.3371  288.90

1 C 14  82.071 11.6452  135.610 1.4 ns
A 14 B89.857 16.93971 288,90

2 B 14 90.786 16.2773 254.950 -0.15 ns
B8 14  90.7816 16.2773  264.850

3 C 14 82,071 11.6452 135.610 1.63 ns

as : Not Significant at P = .0S
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The table of t-tests showed that there was no
significaent differsnce in the post-attitude mean scores
of the high, average and low mental ability grcups of the

unrestricted calculator groups. The groups received the

samz treatment.

TABLE 74

Summary of t-tests of Post-attitude Score~=s

of the groups RCU: O, E, and F.

T 2 SIGNIF

GROUP N X SO SD T-RATIO LEVEL

8] 14 81.214 5.670 44,489

2 14 81.C00 13.576 184.308 0.053 ns

D 14 81.214 6,670 44,488

E 14 80.857 11.367 129.208 0.10 ns

E 14 80.857 11.367 i29.20

F 14 81.000 13,576 184.308, -0.03 ns

ns : Not significant at P = .05
The results of the t-tusts showed that there was no
significant differsnce in the post-attitude scores of

the high, average and low mental ability groups of the
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restricted calculator groups.

TASLE 75

Summary cof the t-tests of Post-attitude mean

Scores of the groups G, H and J

= 2 T- SIGNIF
GROUP N X SO st RATIO LEVEL

G 14 88.071 10.658 113.61
I 14 75.780 14,5453 211.566 1.93 ns

G 14 68.071 10.658 113.61
H 14 83.857 11.60 134.583 1.001 ns

H 14 83.857 11.60 134.583
I 14 73.788 14.5453 211.566 1.02 ns

ns Not significant at g = .05

The results of the t-tests showed that there was no
significart difference in the Post-attitude mean scores of
the high, average and low mental ability groups of the
Non-calculator groups. Groups G and I had significant
difference at p = .05 for one-tailed test.

Though the analysis of covariance of Table 67 had

shown that there was significant difference in the mean
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scores, The multiple range test showed that:

(F (2,123) = 1.217) was nct significant at p = .0S5.

This result was further confirmed by the t-tests-which showed

that there were no significant di#fersnces in the post-attitude

scores of the groups. However, there were significant
differences in t!'=2 Pre-attitude and Post-attitude scores
of the groups. This would mean that there was some
relationship bzstween pre and post attitude scores of

the groups.

5.4 Hypothesis 4

There will be no significant difference in the mean
of post-attitude towards mathematics and calculator scores
of those groups of pupils of hish, average and low mental

abilities.

That is:

Ho: X = X
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TABLE 76

Analysis of Covariance of Post-Attitude

Scores of groups HMA, AMA, LMA
= SUM OF MEAN F SIGNIF
SQuRkS ¢f  Ssquares SQUARES RATIO — LEVEL
SS MS
COVARIATES
PRE-ATTITUDE 1 2502.748 2502.748 16.810 0.001%**
MAIN EFFECTS
(GRP) 2 1088.208 549.104 3.688 0.027*
EXPLAINED 2 3600..57 1200.313 8.062 0.001***
RESIDUAL 122 18163.621 148.682
TOTAL 125 21764,578 174.117
***Highly Significant at p < .001
* Significant at » < .05
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TABLE 77

Multiple Classification Analysis of the Post-Attitud=

Scores of Groups HMA, AMA and LMA

GF {NL MEAN = 84.04

variable + CATEGCRY UNADJUSTED AULJUSTED FOR
INDEPENDENTS
GRP N CEV'N BETA + COVARIATES
DEV'N BETA
1 42 2.17 2.91
2 42 1.41 1.16
3 42 -3.59 -4,07
0.19 0.23
MULTIPLE R SQUARED = (5.165
MULTIPLE R = 0.407
R2 = 0.165 i ndicated that 16.5% of the variance in

the criterion measure : post-attitude measure: was
associated with the pre-attitude measure. The remaining
83.5% might have been due to treatment or some to error.
So as to determine how much was due to treatment it wes
necessary to find out if thare was any difference in the
pre-cttitude scores of the groups. MWould this difference

had effect(s) on the post-attitudes scores?
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Otherwisa, what was the significance of the main effects?

TABLFE 78

Analysis of Variance of Pre-Attitude Scores

of HMA, AMA and LMA

SOURCE DF SUM OF MEAN F SIGNIF
SQUARES SQUARES RATIO LEVEL
SS MS
MAIN EFFECTS 2 2323.857 1161.928 1.199 0.305 ns
EXPLAINEC 2 2323.875 1161.938 1.198 0.305 ns
RESIBJAL 123 119180.313 969.027
TOTAL 125 121514.188 972.113

ns': MNot Significant at p = .05

The table showed that thare was no significant
difference in tha Fre-attitude scores of the groups.
The m2an significant difference of tiie pcet-attitudes scores
must have occurred as 2 result of some treatment. In order
to determine which group(s) contributad to the treatment
and the significant difference, 3 multiple range test using

one-way ANOVA LSO procedure was carried out.
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TABLE 79

Multiple range Test of Fost-attitude Scores

ONE-WAY ANOVE LSD Procedure on Groups

HMA, AMA, and LMA

SOURCE df SUM OF MEAN F F
SQUARES SQUARES RATIO PROB
SS MS

BETWEEN GROUPS 2 822.9375 411.4688 2.417 0.091 ns
WITHIN GROUPS 123 20842.000"7 170.26C2

TOTAL 125 21764.9375

ns : Not Significant at p = .05

The table showad that the mzan of the post-test scores of
the groups was not significantly different at P = .0S5.

This would suggest that otasr variance(s) or error could
have contributed tc the siznificant diffevence on Table 76
However, to determine, if fhis was caused by other
variances, multiple regression analyses of the post attitude
as dependent variable with pre-attitude as the ‘ndependent

variable were carried ou:. (sce Tables 80 - 82),.
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For groups HMA and LMA the table showecd that
(F(1.82) = 7.2626, p ¢ .01), there was significant
difference in the mean post attitude scores of high mental
ability and low mental ability groups. For groups HMA and
AMA the table showed that (F (1,82) = 11.6847, p ¢ .0C1),
Hence it was found that there was significant difference
in the mean post attitude scores of high mental ability
and average mental ability groups. Also for groups AMA
and LMA the table showed that (F (1,82) = 15,4464, p < ..°1),
there was siznificant difference in the mean post attitude
scores of average mental ability and low mental ability
groups. From table 79 the mean post attitude scores of
the groups had been found not to be significantly different
for the groups. Hypothesis four was not rejected.
That is, there was no significant d i f ference in the
post-attitude scores of the groups. Pupils of different
mental ability levels woiild have the sare attitudes toward
mathematics and calculators. However, the multiple
regression analysis showed that there wcm‘ attitudinal
change within the groups because there was significant
difference in the pre-attitude and post-attitude scores of

the groups. Table 79 only showed that the means of
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TABLE 80

Multiple Regression Analysis of Post-attitude scores
vith Pre-aftitude scores of groups ADG and CFI (High and
Tow mental abilities) -

ANALYSL OF | o [ sum oF | mEA Y F SIGNIF.
VARIANCE | SIUARES | SOUARE | garg | LEVEL

] 3 i
REGRESSION | 1 1142.880341 1142,86034 } 7.26255| .01**

RESIDUAL ‘82 12903.80633} 157.36349

VARIABLES IN THT EQUATION

| SIGNIF.
VART ABLE . B ¥ eeTa ! s7n ERROR {F-RATIO | LEVEL
VAR 02 - PEA | 0.32118 . {0.28524 ‘ 0.11918 | 7.263 |.01°*
CONSTANT | 57.32169 ' .
VARI ABLE MULTIPLE R r?
VAR 02 - PEA ~ 0.28524 0.08136

** Significant at p <.01
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TABLE €1

Multiple Regression Analysis for Post-attitude scores
with Pre-attitude scores of groups ANG and BEH (High
and average mental abilities)
ANALYSLL OF SUM OF MEAN F- STGNIF
\VARI ANCE DF TJUARES SQUARE RATIO = ’
LEVEL
REGRESSION 1 1752.,57912| 1752.57912,11.685 -001***
RESIDUAL 82 12299,08755 149,98887
VARIABLES IN THE EQUATION
SIGNIF.
VARIABLE B BETA | STD FRROR | F-RATIOD LEVEL
VAR 02 - PEA J.396689 0.35316 0.11605 11.685 00>
(CONSTANT) 53.51473
VARIABLE MJLTIPLE R R2
VAR 02 - PEA 2.35316 0.1 2472

L

Hiphly significant et p < .001
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TAELE 82

iiultiple Degression Analysis of Post-attitude scores

of groups EEH and CFI

(i.c. Average and low mental abilities)

MNAL SIS OF | oo | Sum OF ME AN F SIGNIF
VARI ANCE SQUARES SJ UARE RATIO LEVEL
REGRESSION 1 | 2380..0953 | 2380..0963 | 15.44635 | .u01***
RESI DUAL 62 |12638.98590 | 154.13415
VARLABLES IN THE EQUATION
sTD. ) SIGNIF
VARI ABLE B BETA S F-RATIO S
VAR 02-PEA  0.38110 = 0.39813 0.12241 15.446  .001°**
(CONSTANT)  43.41655
VARI ABLE MULTIFLE R RZ
VAR 02-PEA 0.59813 5.15851

*** Highly Significant at p < .001
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the groups were equal while Tables 80 - 82 showed that
thare had been attitudinal change. To determine the level
of significance of this attitudinal change t-tests wers

carried out.

TABLE 83

Summary of t-tests of Fost-attitudes

Scores of Groups HMA, AMA and LMA

’ S 2 T= SIGNIF
GRJUPS N X SD SD RATIO  LEVEL

HMA 42 86.214 12.540 157.245
1 LMA 42 80.452 12.975 168.351 2.07 0.05*

HMA 42 86.214 12,540 157.245
2 AMA 42 85.452 13.608 185.180 0.26 ns

AMA 42 85.452 13.8608 185.180
3 LMA 42 80.452 12.975 168.351 1.72 ns

* Siznificant at p < .05
ns Not Significant at P = ,C5

The table showed that <nc high menta: ability groups
had hetter attitudes toward mathematics and calculator

than low-mental ability groups while thers were no
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differencas in tna 2ttitudcs <f hizh mental ability and
avurage mental ab. ity groups, and the average mental
ability and the low muntal ability groups. Us ing
one-tailzd teast at £ =" .05 there was significant difference
between the mean attitudes scores of average mental ability and
low mental ability.groups. From here, the results showed
that oupils of high mental ability would have better
attitudes toawa~d :ncthematics <nd calculators than those pupils of
low mental ability, T o determine what the differences
would be within groups, t-tests of groups A, D and G werz
carried out.

TABLE 84

Sumnary of the t-tests of Post-attitude

Scores of Croups HMAY A, D and G.

GROUP  ® % 30 592 i SIFYIF
RATIO  LEVEL
16 895857 43,337  258.301
3.51 0.33 ns

A

R 14 88.L71 1..8589 i
A 14 83.857 16.337 286.301

2 T 14 81.214 3.670 44,4359 | 1.7¢ ns

(o]

14 31.214 £.670 44,439

3 6 14 Ga.07% 13.86588 11351 1.99 ns

—_— — -—

ns : Not Significant at p - .05
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The above table showed that no significant difference
was found among the high mental a2bility groups of the
unrastrictad calculator, rectricted for two tailed test.
Though the groups A and D, D 2nd G were not significant at
P = J5 two-tailed test, b ot h groups were +ound
to be significantly different at P = .05 for onz tailed
test. In the high mental ability lavel the unrestricted
calculator graup had bstter attitudes than restricted
calculator, and the restricted calculator group also had
poorer attitude than tha no-calculator group. In the analysis
of the attitude scores of calculator and non-calculator groups
it was found that there was significant difference in the
pre -.and post-attitude scores when F-test was used. While
such a difference was not significant by t-tests. Though
some researchers have observed such difference in the use

of t-tests and F-test(Spence)log-

Spence, J. T. et al: Elementary Statistics: London:
Prantice-Hall Int, Inc., 1 , pp 1 - 216.
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TABLE 85

Summary of the t-tests of Post-attitude Scores

of groups AMA: B, E, 2nd H

GROUPS X SD sp? RA¥IO Eésg{F
B8 14 90.786 16.2773  264.350
H 14 83.857 11.60 134.593 1.3 ns
8 14 B80.786 16.2773  264.90
E 14 80.857 11.367 129.209 2.33 .05"
E 14 80.857 11.367 129.209
H 14 83.857 11.60 134,533 0.69 ns

-

* Significant ot p % .05
ns Not significant at 'p = .05
The tablz of t-test of post-attitude scores of (AMA),
A, B and G groups showed that there was sienificant
difference betweesn average mental 2bility of unrestricted
group and restricted groups while other groups were not

significant.
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TABLE 868

Summary of T-Tests of Past-Attatude Scores

of Groups LMA: C, F and I

i & 2 SIGNIF
G =
ROUF > N X SO SC T-RATIO LEVEL
C 14 82.071 11.6452 135.61
T 14 78.786 14.5453 211.566 0.66 ns
C 14 82.071 11.6452 135.61
F 14 81.000 13.576 184.308 0.22 ns
F 14 81.000 13.5786 184,308
I 14 78.786 14.5453 211.566 0.42 ns

ns : iot Significanc at p = .05

The results cf the t-tests showed that there were no
significant differences in the post-attitude mean scores of
unrestricted, restricted and no calculst-.> groups in the
low mental ability level.

“The znelysis of covariance of Table 79 showed
that there was significant difference in the mean scores.
But the multiple range test showed that(F(2,123) = 2.417 which

was it significant zt p = .05). This result was further
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comfirmed by thez t-tests which showed that there were
no differences in the post-attitude scores of the groups
except the unrestricted and restricted calculator groups

of averagc mental z=bility groups. However, there were
signiyicaent differences in the pre-attitude and post-
attitude scores of the groups, which astually showed that
some relationship Lotween the pre-and post-attitudes scores

of the groups.

5.5 Hypecthesis 5

There will ¢u 0. significant relationship 1u pupil’s
attitudes toward mathematics and their attitudes Tuwewd thg
use of calculators in seccndary school mathematics at «
= .,05.

t-tests were used %o determine the significance
differences in the mean mathematics attitude scores (MAS)
and mean calculator attitude scores “(CAS) which were

derivable frc. post-attitude scores of each of the groups.
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TABLE 87

Summary of T-tast of MAS and CAS

of the Groups

MAS CAS

GROUPS
X so?

N X So T SIGNZI=

N X S0 s’ RATIO LEVEL

ucy 42 47.157 7.848 ©3.167 42 40.452 13,835 193.083 2.72 .01°**
RCU 42 43,262 6.161 37,945 42 31.833 8.881 73.874 10.45 .001**

NCU 42 45.976 7.478 .5.926 42 37.476 10.879 118.353 4.17 .001***
HMA 42 49,238 5.686 32.332 42 37.024 12.719 161.780 5.68 .001***
AMA 42 48.452 5,790 33.522 42 37.000 11.288 127.415 5.84 .001***
LMA 42 44,714 4.214 84.892 42 35.738 11.801 135.271 3.88 .01**

** Significant at p < .01

***Highly Significant at p <. .001

The table of t-tests showed that therz were significant
differences in the means scores of MAS and CAS for all the
groups which indicated that there was relationship between the
MAS and CAS scores of each group. This relations might be
negative or positive depending on the correlation coefficients.

Tho' zh, all the mean scoras were all significantly

different at p < .01 or p < .001, it was necessary to
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determine the significant lavel of the relationship by

Peaarson correlation coafficients approach.

TABLE 88

Summary of Fearson correlation coefficients

of the Groups. (MAS & CAS)

GROUPS N r SIGNIF. LE =L
ucu 42 -0.091 ns
RCU 42 -0.u26 ns
NCU 42 -0.084 ns
HMA 42 -0.24 ns
AMA . 42 0.13 ns
LMA 42 ~0.72¢6 ns

ns : Not Significart at p = .05

The table 88 showed that none >f the correlation
coefficients was significant atp = .05,
The groups showed overall significant differences in
their mean attitude scores, and yet, from available data in
this study it would appear that most of the groups had nearly

zeru correlation and specifically low negative correlation.



- 240 -

TABLE 8S

Multiple Regression Analysis
of Mathenccics attitude scores with Calculator
attitude scores (MAS WITH CAS) for all the groups

ENALYSIS OF SUM OF MEAN 5 SIGNIF
vARIANCE ~ OF  sguaRes square _€BATI0  “ieg
RE GRE SSI ON 83.35525 B3.35525 = 1.569 ns
RE ST DUAL 124  6588.01777 83.12818

VARIABLES IN THE EQUATION
VART ABLE B BETA Ry FeRATzD) SIGHLE
VAR 07-CAS  -0.0687¢ -0.11178 0.05482  1.569 ns

(CONSTANT) 49,88527

VARI ABLE MULTIPLE R Rz '

VAR 07-CAS 3.11178 0.01248

ns - Not Significanc at p = .05
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It showed t h a t . pupils with high attitudes toward
mathematics have low attitudes taward calculators.
To determine the 1 e v e 1 of relationship, a

multiple regression analysis of the MAS and CAS scores
on the groups were carried out (see Table 89)
The multiple regression analysis table showed that there
was no significant difference in ths mathematics attitude
scores and calculetor attitude scores. Hypothesis 5 was accepted:

(F(1,%24) = 1.57, pn > -705). 'Since F-value was not
significant, it implied tha. the means of MAS and CAS wers
not different significantly. Hence, therz would not be
any relationship between the MAS and CAS. From t-tests
table,it w a s. possible to ascertain the effects of
the treatment on the groups. The t-tests of the groups
were 211 significantly different which would imply that
individual groups would have different attitudes to
mathematics and to calculators. That is, for the groups

there wa s some relationship between the MAS and CAS.

5.6 Hypothesis 6

There will be no2 significant relationship in
pupils’ achievement and attitudes toward mathematics

ana calculators at o« = .05.



- Z8¢ =

TABLE 30

Correlation Coefficients of Post-tests

with POA, MAS and CAS

P G A MAS CAS

SIGNIF SIGNIF SIGNIF

GROUPS' N R |eyeL T eveL F LEVEL

ucu 42 0.174 ns 0.418 0.01** -0.14 no

RCU 42 0.05 ns 3J3.17 ns -0.06 ns
NCU 42 0.26 ns 0.38 0.05 0.05 ns
HMA 42 0.14 ns 0.21 ns -0.01 ns
AMA 42 0.28 ns 0.24 ns 0.21 ns
LMA 42 0.04 ns 0.135 ns -0.11 ns

** Significant at p < .01
* Significant at "'p < .05
ns Nct Significant at p = .05

The table 971 showed the intercorrel=tion coefficients

of the seven variables:{n = 126, r = 0.308, p <« 0.001
for POT/MAS), (N = 126, p = -0.05 nct significant at

¢ «05. for POT/CAS), (N = 126, r = 0.194 significant at
R < .05 for POT/POA.
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TABLE 91

Correlation Conf{icients of the variables
for all the groups (N = 126]

MAT PEA FET POA POT MAS CAS

VAR 01 VAR 02 | VARO3 | VAR 04 | VAR O5 | VAR 06 VAR 07
VAR 01 = -0.06684 | 0.46162 | 0.12407| 0.41538 | 0.26162 |-0..2098
VAR 02 = - -0.05212 | 0.33810( -0.0690S |0.22119 | 0.24045
VAR 03 - - = 0.14685| 0.52761 |0.37356 |-0.06875
VAR 04 - - o - 0.12756 |0.45267 | 0.83538
VAR 05 = - N = - 0.30747 |-0.04551
VAR 08 - - - o - = 0.11178
VAR 07 - = - J - - - -
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The two tables showed that most of the groups did
not have any significant relationship between achievement
scores and attitude scores at p < .05. Though
correlations did exist in scme group (MAS) especially UCU
and NCU, t h i s would not be adequate to generalize the
relaticenship. Hcwever, the general pattern was that low
negative correlation or very nearly zero correlation
pccurredin calc:lator attitude and achievement.

The table of correlation cosfficients showed that
there were significant relacionships between the groups’
(i) Pre-test and Postltest
(ii) Pre-attitudes and Post-attitudes

(i) N = 126 POT: r = 0.528, p <. 0.001

(ii) N = 126 PDA: r = 0.33§, p < . 0.001

Any differences that would have occured in the Post-
attitude and Post-test scores could have besen due to
treatment. The mzin effects of Post-attitude and Post-
test scores have bezen found to be significantly different
(see Tables 29, 54, 67 and 76). Since both were significantly

different, they would appear to have some relationship.

To determins the level of significance of the

relationship between post-test scores and post-attitude
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TABLE S2

Multiplz Pegrzssion Anal 'sis of Post-attitude scores
with Post-test scores for all the groups (PDA with POT

FNALYSIS OF OF Sum OF ME AN F SIGNIF.
VARI AxCE =
SJUARE S SJ LARE RATIO LEVE!

REGRESSI O 1 511.65634 911.65634 4.537486 «u5*

RESI DUAL 124( 23371..4525 |188.48101

VARIABLES IiN THE EJUATION
SIGNIF.

VARI ABLESS 8 BETA | STD ERROR |F-rATIO| LEVEL

VAR 05 - POT 0.54486 0.19376 0.24774 4.037 u5*

(CONSTANT) 75.70253
VARI ABLE MULTIPLE R R2
VAR 205 - POT 0.1837¢ 0.03754

* €ignificant at p<.05
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TABLE S3

"ultiple Regression Analysis of Post-test scores

v .th calculator attitude scorec and : athematics

LEtitide scores for all the proups

~NALYSLS OF SUM OF ME AN = SIGKIF.

VARI ANCE OF SJ JARES SJ UARE RATIO CEVEL
RE GRE SSI 0 2 275.106200 137.55100 | 6.u5155 | .ul**®

RE ST DUAL 223 | 2795.75514 22.72872

|
VARLABLES IN THE EQUATIGW
SIGVIF.

VARI ABLE B8 | BETA STD ERROR| F-rATIO| (EMEL
VAR 07 - CAS 0.03025 | 0.u7246 ! 0.03815 6.700 L Lk
VAR 06 - [iAS 0.20260 | 0.29882| 0..5874 [11.097 cuD1%**
LCONSTANT) 3.31416
VARL ABLE MULTIPLE R R®
VAR 07 - CAS 0.03408 0.C0153
VAR 06 - MAS C.25531 0.08958

*Ex%

-%

Significant at p

Highly significant at p < .001

< .01
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scores of the groups, a multiple regression analysis of
Post-attitudes as dependent variable and post-test as
independent variable was done. The table showed that
there was significant difference in the post-at.itude and
post test scores of tha groups (See Table 92) (F (1 ,124 =
4,84, P < .05).

In order to ascertain that this significant difference
was not due to chance or error, a multiple regression
analysis of Post-test scores as dependent variable, anc
calculator attitude scores and mathematics attitude scores
as independent veriables were carried out. (Table 93)
showed that there was a significant difference in the Post-
test scores, and CAS and MAS: F (2.123) = 6.052, P < .001),

The iwo regression analyses showed that there was
significant relationship between Post-test scores and
post attitude scores of all the groups. On the basis of
the analysis, the hypothesis w s rejected. That is, there
was a significant relationship between the post-test
scores and the post-attitude scores. 1In addition, it
was : found that there was a linear correlation between
post-test scores and matheuatics attitude scores and

calculator attitude scores.
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CHAFTER SIX
DISCUSSION

Relationship of Results to hypcthesas and Previous

Empirical Studies

The results of this study would be discussed in
relation to the hypotheses tested. The purpose of this
study was to investigate the effects of the use of hand
held electronic calculators on outcomes in mathematics
instruction. The learning cutcomes investigated were
primarily achievement and attitudes. The criterion
measures of achievement were pre- post-tests scores, and
for attitudes were pre- post-attitude scores.

Performance Treatments and achievement:

The hypstheses which dzalt with "achievement were
ong and two:
I. Hypothesis cne: There will be fo significant difference
in the mean achievement scores of pupils who use {i)
calculators in instruction and tests (UCU)
(ii) calcuators in test only (restricted groups - (RCU)
and (iii) no calculators at all - control groups, (NCU.
This hypothesis was rejectaed because significant
ditference was found in the mean post-test scoras of the

groups (F(2,123) = 16.234, p < .001). Also the groups
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that used calculators throughout (UCU) were significantly
better than no calculator group (NCU) ( t (82) = 5.35,
P ¢ .001) and also UCU groups were significantly bettsc
than the cal-ulator on the test only groups (RCU):
(t (82) = 4,35, P < .001).

iowever, no significant difference was found between
the groups RCU and NCU, (t (82) = 0.98, P > .05) which
showad that ineither of these two groups was better. Hence,
By * B = By

Similar finuings had been obtained by Gaslin8 who
compared the achievement and attitudes of high school
pupils. Pupils in treatment groups E1 and E2 were allowed
to use calculators on post-tests and retention tests and
no calculator or C control group. Significant treatment
effects were found on both post-test achievement measures

with E > E > C and the retention test with

2 1
E2 > E1 = C; however, no significant differences on
attitudes were found. These finoings were also collaborated

13 .nd Hutton® did not find

by Finﬂwﬂn&L HJowever, Quinn
any significant differences between ralculator and non
celculator groups on the achizvement variable. Other
studies which support the findings of this study are

those of AndersenB who was interested in the effects of

restricted versus unrestricted use of calculators in mathematics

RN & <
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achievement and attitudes E1 - the ‘:unrestricted groups,
E2 - the restrirted groups and § no calculators groups.
The pupils were pre-post-tested, using ANCOVA as the principal
analysis procedure it was found that E1= E, > Con achievement and
attitudes. Recent studies by Hedren' 0 found classes (in
Sweden) using calculators,whenever they could be of use,
were as competent as control classes on mental arthemetic
and calculations with simple algorithms, and had better
understadcding of numbers and problem-solving (ages 10-12).

Vel and Kelly112 whose

studies found calculators to be ervfective. Kelly112 found

This was further supported by Mellon

that calculator enhanced the use of deductive reasoning, ability

to explain strategies in retropect,in retropect and implementation of
strategies to increasa understanding of problems. He also
found that the specific processes to promote effective

solution and ability to evaluate were aided by the use of

calculators.

110 Hedren, Rolf: The Hand-held Calculator, at the
Intermediate Level. Educaicional Studies in
Mathematics Vol. 16, 11. 163-179, May

111 Mellon, ..Joam: Calculator Based Units in Demands and
percents for 7th Grade Students. Unpublished
Ph.D. Thesis: Columbia University Teachers
College: DAI 46A, Sept. 1985.

112 Kelly, M.6. The effect c¢f the use of the Hand-held
calculator on the development of problem-
solving strategies: Utah State University,
1984: DAI, 45A 3571, June. 1985.
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Padberg113, using calculators to discuver simple theorem

in an example from numher thecry, concluded that "calculator
enables one to generate a sufficient number of examples that

one can easily get through to conjectures or theo~2ms”. All
these pointed out that calculators are not cnly used =s
computational device but can ‘also be used in concept formation a

problem-solving techniques.

In his work, Cheung114 described

how a scientific calculator can be used to introduce the
method of successive substitutions in generating approximate
solutions to a number of equaticas chat can be expressed in
the form y = +f(x) including trigonometric equations such
as y = =in (cos (tan x)).

So ter, .he empiricel studies reviewed and the results
of this study on achievement shcwed that most calculator groups
performed bsttsr than or equalised other groups; and in no
case was the use of calculaetor had _ debilitating effect at

secondary school level. ;

1995 Padberz, F.F.: Using calculators to Discover simple
Theorems - An examples from number Theory
Arithametic T=2acher, NCTM, Vel. 28, No. 8,
1961, pp

114 Cheung, Y.L.: WUsing scientific calculators to
demonstrate the method of successive
substitution. fliathematics Teacher. Vol.789
No. 1, Jan. 198%. pg. 15-17.
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The results of the groups (UCU) unrestricted
calculator groups showed that there was significant difference
in the mean post-test scores of A:.B and C groups:

(F(2,39) = 11.312, p - .001), The t-tests showed that
high mental zbility group performed significantly better
than average and low mental ability groups (Table 45 )

This showed that high mental ability pupils that used
calculator performed better than other calculator groups of the
average or low mental ability groups. Here, the use of
calculator is an added advantage in the instructional

process and tests. '

The results of groups RCU - the restricted calculator
groups showed that tiiere was significant difference in the
mean post-test scores of D, E, and F groups. (F(2,39) =
10.033, p < = .0G1)+ The t-tests also showed that the
high mental ability group of the RCU group that used
caiculators on the tests only performed significantly
better than others in the group. Though there was no
significant difference in mean sccres of high and average
mental ability zroups, yet the average mental ability group

performad better than low mental zbility group (Table
40+ :., Since the main effects was not significant (Teble 46

and 50 ), it would eppear that the effect of using the
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calculator on the tests alone would not be as effective

as incorporaeting the use of calculators in the instructional
process and tests. The non-significant difference of the
main effects could be attributed to either the treatment or
error and the - R® = 0.429 "  indicated that 42.9% of
the variance in the post-test scores was associated with
the pre-test scores. This might have been quite high to
have provided some effects on the post-test scores. The.
comparison of the mean post-test scores showed significant
difference, t h e means were significantly differnt as a
result of the treatment. This was confirmed by the t-tescs
(see table 49 ).

The results of non-calculator NCU groups showed
significant difference in the mean post-test scores (see
table 50 ). Also the main effect. was not significant.
The multiple classification table showed that R2 = 0.524,
indicating that 52.4% of the variance in the criterion
measure of post-test sccres was associated with pre-test
scores. This is quite large, whereas the resF 47 .6% of the
variance might have been due to treatment or some to error.

The treatment might have not nullified the effects of the

pre-test as to make the main effects to be non-significant.
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The means of the post-test scores we e then compared by
multiple range test so as to deiermine their significance:
(F(2,398) = 3.48, P ¢ .05), The means were found to be
significant.y different. For the control group, Lnere

was no difference in means of the high and low menta’' ability
group., high and average mental ability groups except for
the average and low mental ability groups (See Table 53).
This finding is supported by those of Hembree and Dessart115
that the use of celculators in testing P,oducq; much

higher achievement scores than paper and pencil efforts, both
in working exsrcises and in problem-solving. They went further
to show that this applied to all grade and ability levels.

In particular, it applies to low and high abilit& pupils in
problem solvirg., The betftzr problem-sclving performance is

a result of improved computation and process selection.
However, some o®her results were contrary especially the
findings of the United States Nat<onal Assessment of Educa-
tional progress (NAEP) which have discovered some area of

mathematics where pupils who did not use calculators

115. Hembree, Ray and Dessert, D.J. Effects of Hand-Held
Calculators in Pre-College Mathematics
Education: A mental-analysis. "Journal
for Rasearch in Mathematics Education,
%7, March, 1966: 83-39,
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fared better that pupils equipped with calculators
[Driscoll]11s. Indeed, when pupils lacked the understanding
of & concept, the use of calculators offered no advantage
(Driscoll)117 . The t-tests (Table 40) showed
that no significant difference was found between restricted
calcu’ator groupe and non-calculator groups which implied
that the use of calculators only on tests would not result
in higher achievement in mathematics. Many researchers
in the calculator field have advanced reasons that such
pup.ls might 5ot Jave confidence in the results displayed
on the calcuiator screen due to non-continuous practice
with calculator {(Carpenter et. al.)30’31. Other related
studies that supported the findings on achievement are those of

118 who Found that students with unrestricted use

Murphy
of calculator achieved higher problem-sclving scores

than students not using calculators for { ns truct ion

116. Driscoll, M.J. Research w.thin Reach: Elementary
School Mathematics, Raston, Va: National

Council of Teachers of Mathomatics, 1981. pp
117, Research within Reach: Secondary

School Mathematics. Reston Va: National Council
of Teachers of Mathematics, 1982, ppp

118 Murphy, N.K., The effects of a Calculator Treatment
on Achievement ancd attitude Towards Problem-
solving in 7th Grade Mathematics. (Doctoral
Jissertation, University of Denver, 1981)

DAI 42A, 2008-2008, 1981.
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118

or tests. However, Rule found nn significant difference

between groups which used or did not use calculators for a

unit on functions. While his findings on computational benefit of

calculators was in comformity with the findings ~f this
study since all the groups had equal time to complete

instructions and tests.

The time was not incorporated as a criterion measure in

this study, but other studies have found that using calcu-

lators during instruction and tests produced a significant

improvement in iess time than without calculators (Stewartfl1

Hence, further studies in Nigeria night incorporate time
variable as a criterion measure.
II. Hypothesis Two:

There wi il be no significant difference in the mean
post-test scores of high, average and low mental ability
groups. This nypothesis was rejected because there was
significant difference in the mean post-test scores of the
groups: (Ff (2,123) = 14,776, p <« .001). The ability
groups differed significantly on thsir.post-test scores

as the high mentel ability groups (HMA) performed

119 Stewart, J.T. See Suycam, M.N. In Research in
Mathematics Reported in 1981, JRME, 1981.

9
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significantly better lower 'aenta’ ability groups:
(t (82) = 4.8, P ¢ .001), and the aver.ge mental ability
groups also did bettwe than the low ability groups:
(t (82) = 4.4, P ¢ ,001). Huwever, it appeared there was
no significant difference in the performance of high and
average mental ability groups (t (82) = 0.98, P » .05}, The
findings are consistent with other similar studies. Zepp8
examined whether there was an interaction between the use
of calculator and different ability levels high, medium and
low in secondery school pupils’ solutions to proportion
problems and found no differences. This was collaborated
by Boleskya, whereas, Fischman8 and Laursen8 found significant
differences in achievement scores of students in different
ability groups.' Brassell, et. al.120 found positive
correlation between mathematics achievement and ability groups.

The result of the high mental ability groups showed

that there was significant difference in the mean posc-test

scores of groups A, D and G. <(F(2.38) = 11.054, p < .001),

120. Brassell, et. al. Ability Grouping , Mathematics
Achievement and Pupils Attitudes toward
Mathematics. JRME, Vol.11, No.1. Jan.
19880.
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Table 62 - 66 showed that tte high mental ability
group that used calculators on instruction and test per-
formed significantly better than high mental ability group
that used calculators in testc only and that restricted
calculator groups high mental ability performed significantly
better than the high mental ability group of non-calculator
group. The pattern also showed that the unrestricted
calculator groups in A, B and C performed better than groups
in O, E and F and ;, H, and I. This pattern of performances
was irrespective of whether the groups were high, average
or low mental ability levels (HMA > AMA > LMA}, However,
there were few deviations in the pattern. For example, with
the AMA groups (B,E,H) there was no significant difference s
between E (the restricted group) and H (Non-calculator group)
performance on their post-test scores: (t (26) = -0.25,
P > .05). Nichols 22 found among students using calculators
in College basic mathematics that those having higher
aptitudes in mathematics showed significantly higher attitude
scores than students having lower aptitudes. lThis supports
the finding of this study.

Similarly in the low mental ability groups (C,F.I.)

there was n. significant difference in theperformance of




~259-

the restricted calculator gro'p (I) and the non-calculator
group (I) (tf26) = -0.10, P > .05). Based on these results,
one is inclined to say that thc wunrestricted calculator
groups whether in the high mental ability levels (HMA),
the average mental ability level (AMA) or the low mental
ability level (LMA) seemed to have performed better than
other treatment groups irrespective of mental atility levels.
That is:

A performed better than D or G

B performed better than E or H

C performed better than C or I
The finding of this study is supported by Lenhard121. In
a variety of analyses using t-tests and ANOVA he found that
the higher ability pupils made fewer concept and computatian
errors than the lower ability pupils. In addition the
higher ability pupils performed significantly better than

the low mental ability pupils in mathematics achievement tests.

121. Lenhard, R.W. Hand-held Calculators in the Mathematics
Classroom as Stuart Public School,
Stuart Nebraska (Doctoral Dissertation,
Montana State University, 1976).
Dissertation Abstract International,
1977, 37A. 56b1.
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On the contrary Kasnic 1é2 using & 2-factor ANOVA with pre-test
ability as a blocking variable found that there were no
differences between calculator groups andcontrol groups,
nor were any differences found for the differsnt ability
levels between calculator groups and the control groups.
However, Niller123 who examined whether calculators would
be effective instructional aids in developing tne concept
and skill of lcng-division obtained similar results. When _
separate ANOVA analyses for low and high ability groups were
done, the results showed that the performances of calculator
groups of low mental ability groups were significantly better
than the Non-calculator grcups of low mental ability. The
high mental ébility of restricted and unrestricted calculator
groups performed.equaily as the high méntal ability of the

control groups on achievement and attitudes. The finding

in this study was' also supported by that of Lawson124 who found

122. Kasnic, M.J.: The effect of using hand-held calculators
on Matheratical Problem-solving ability anong six
grade students. (Doctoral Dissertation, Oklahoma
State University, 1977) DAI, 1878, J8A, 5311,

123. Miller, D.F. Effectiveness of Using Minicalculators as
an Instructional Aid in Developing th. Concept
and Skill of Long Division... (Doctoral Disserta-
tion, Florida State University 1977), DAI, 1977,
37A, 6327, =

124, Lawsr1, K.W. Use of Calculators in High School General

“lathematics... (Doctoral Dissertation, Brigham
Young University, 1978) DAI, 39A.
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that the use of calculators dic not affect performance in
estimation but students of lowest ability made the most
errors with the calculators compared with other -~hility
levels: higner or avercge. This finding in collaboration
witn £he ones in this study implied that ability levels of
the students is a@n important factor as far as mathematics

achievement ty calculator is concerned.

6.3 Performance Treatmzants and Attitudes

Hypothesis Th. ee

There will te no significant difference in the mean
attitude towards mathematics and calculator scores of those
groups of pug ls who use
(i) pgalcu ucors in tests and instruction - the Unrestricted

Zroups (Q:J),

(ii) Calculators in tests only - restricted groups - RCU. and

(iii) - i Non-calculator - coantrol groups NCU.

The table of analysis of cnvaria.ce of the post - attitude

scores with pre-attitude scores as covariate showed
that the groups' covaristes were significant; (F(1,24) =
17.0€4, P < .0G1).
Similarly the main effect was also significant: (F(2,123) =
4,663, P < .0.) and the expleinad variance was also signi-
ficant: (F(3,122) = 8.797, P < .001). But the comparison
of the means of the post-attitudes scores using multiple

range test, (SNK) student that is, student Newman
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Keul test showed the means were not significantly

different:
c(2,123) = 1,217 p = 0.299, ‘b.8. P > ,U5)

This was also corfirmed by the statistical test of straight
analysis of variance of the post-attitude scores (See
Appendix 20), But the pre- and post-attitude scores
of the groups were found to be significantly different as
was shown by multiple regression analysis. (Table 71 ).
The t-tcsts revealed that t h e hypeothesis was not
rejected f o r zroups UCU and NCU-; RCU and NCU; but
significant difference did exist between UCU and RCU.
Hence t h e hypothesis was rojeocted for the two groups.
This would imply ‘that there was a significant differemce in
the mcans of the post attitude scores of the unrestricted
calculator groups and the restricted calculator groups.
Over-all, there  was attitudinal change among thg groups
as revealed by the regression table. Conclusively,
hypothesis thrce cannot be rejected in its entirety.

This hypothesis was not rejected though significant
difference was found in ihe mean pre- and post-attitudes
scores cf the groups by regrcossion analysis:

(F (1,124) = 16.1117, p&< .001)
The significant difference obtained in the pre- and

post-attitude scores implied that therz was attitudinal
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change among the groups. Generally the groups had a change
of attitude towards mathematics and calculator. However,
there waes no significant difference in the mean post-atti-
tude scores of the groups as shown by the multiple range
test of the treatment groups and control group: (F(2,123) =
13217, P > <05),

The non-significance of the attitude scores at this
level might have been caused by treatment effects or var-
iances duc tp other extraneous variables or error. However,
to determine the level of treatment effects, the results
of t-tests were discussed. It was found that there was no
significant difference in the post-attitude scores of the
unrestricted calculator groups and non-calculator group

(E, = =.):(t(82) = 1.33, P > .05) and (t(82) = 0,97, P > .05):

1
(EZ = E3) (restricted calculator group and control group).

3

However, significant difference did exist between the post-
attitude scores of unrestricted calculator and restricted
calculator groups: (t(82) = 2.22, P < .05) (E1 > E2).

The findings on attitudes is in conformity with.
other related studies Huttone,.aolingp, Whitaker12 and
BOlBSkwahapQ no differences were found between calculator
groups and non-calculator groups. Similarly (Gaslin and
Vaughn]8 found E = C. (experimental = control), and this was

contrary to findings by Fischman, Zepp and Andersene.



B - 264 -
K°°p1;5 and Mellon111 found significant differences

between calculator and non-calculator groups. In Bulletin

No. 9 of the Calculator Information Center‘b, of fhe

seven findings reported on attitudes toward mathematics in
calculator studies, six of the findings produced non-
significant differences, (which agreed with the results of
this study) whereas one group did produce a significant
difference in favour of calculator based instruction. 1In
this study, the results indicated that calculator instructed
pupils did at least as well as, if not better than the
non-calculator instructed pupils on attitudes. 1In addition,
both the cooperating teacher and the investigator found that
teaching with calculators was much less onerous than
teaching without calculators.

The results ON Table 72 showed that there was no
significant diffzrenca in the mean attitude scores of
those pupils who used calculator throughout - the
urnrestrictaed groups despite differences in mental abilily
levels. Similarly there was no significant difference in
the mean attitude scores of the restricted calculator
groups despite differences in their mental ability levels.

For ths groups G, H and I of the non-calculator
groups, therz were no significant differences between G and

I, G and I was found to be significantly different at

P = .05 by one-tailed test.

125 Koop, J.B. Calculator use in the Community College arithmetic
course, JRME, 13(1) 1982, 50 - 60.
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t(26) = 1.93 for one-tailed test, t-ratio is
significant. This finding is supported by Gaslin®, Hutton®
who found no differences on attitudes of the groups. Contrary
to this finding is that of Lenharda, ZeppB, Fisch.an8 who
found differences on the attitudes of the different groups.

2 found that pupils

Recent studies by Hembree and Dessart‘|1
using calculators had better attitude towards mathematics
than pupils not using calculator and their findings applied
across all grades and ability levels.

Some other studies involving younger populations

& have reported a more positive attitude

according to Koop1
towards mathematics when students were allowed to use
calculator. However, Dyce and Goodena found no significant
changes in student attitudes. Most of the studies reviewed
did not discuss the relationship between the pre- and post-
attitudes they only reported differences or none in the
post-attitude scores of groups. However, what is most
important is to recognize from the findings of various studies
whether there are differences in attitudes scores or not

when calculator was used. The studies of Andersona and
Ayers25 actually pin-pointed these difference where calculator

groups were described as having higher attitude scores then

non-calculator groups.
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Hypothesis Four

These will be no significant difference in the
mean post attitude towards mathematics and calculator
scores of thecse groups of pupils of low, average and

high mental atilities.

The table of analysis of covariance of the post-
attitude scores itih pre-attitude scores as cgvariate
showaed that the groups’ 9ovariates were significdant:
(F(1,124) = 16.81C, p < .201). Similarly the main
effects was also significant: (F(2,123) = 3.688, p < .05)
and :he uxpliineu variance was also significant (F(3,122) =
8.062, p < .001). But the comparison.of the means of
the post -1tt:iudes scores using multiple-range test-SNK
(student Newman Keul test) showz2d that the groups means were not
significantly different: (F(2,123) = 2,417, p =.091, ns).
Thie wes also confirmed by the statistical test of
straight analysis of variance of the post-attitude scores

(see Appendix 20).
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The pre- and post-attitude scores of the groups were
found to te sigrificantly different as was shown by
multiple rugression analysis. (Tatle 71). Thie would
imply that there had bteen attitudinal change among the
groups as revealed by the regression table. The t-tests
also revealed t“at the null hypothesis was rejected among
HMA and LMA tecause significant difference did exist
between the means of the post-attitude scores of the gro .ps.
iiowever, the null hypothesis was not rejected tetween HMA
and AMA; AMA and LMA because no significant differences
were found in the means of the post-attitude scores of the
groups. Conseorently hypethesis four cannot be rejected in
its entirety.

This hybothesis was not rejected though significant
difference was found in the means of the post-attitude
scores of the groups (Tatles 76). It was also found that
the high mental ability groups had better attitudes than
low mental ability groups: (t(82) = 2,07, P < .05). No

significant differences ware found between

(i) HMA and AMA: (t(82) = 0.29, P >.05) and
(ii) AMA and LMA: (%(82) = 1.72, P > .05).

Since the groups HMA anrnd LMA showed some significant
differencesin their post-attitude scores, the high hental

ability groups seamed to have better attitude towaids
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mathematics and calculators. Attitude toward mathematics
has been found directly related to aspired school grades and
ability levels (Spickerman)126.

Consideiing the t-tests for the within groups of high
mental ability, A, D and G; none of the post-attitude scoras
was significant except fer D and G which was *(26) = -1.99
significant at P = .05 (on2 tailed test). The high mental
ability group of the non-calculator group had better
attitude than the high mental ability group of the restricted
calculator group.

In the average mental ability groups of the unrestricted
calculator group had better attitudes than the restricted
calculator group. Tiiere were no significant differences
in the mean 3ttitude scores of the other groups. For the
low ability groups there were no significant differences in
the mean attitude scores of the treatment groups an- control
group. However, the results did indicate that thcse graups
of unrastricted calculator had better attitudes in respect

of ability levels. .
5

This finding is supported by those of Ayers2 and-AndersehB who found that

126 Spickerman, W.R.A.: A study of the relationships
betwzen attitudes toward mathematics and some
celected pupil characteristics in a Kentucky High
School (Doctoral dissertation, University of
Kentucky, (1865} DAI, 1370, 30, 2733A.



- 26S -

attitudes improved when calculators were used without
restrictions. BSut other findings like those of Elliota.
found nn significant difference between groups using
calculators or paper and pencil on problem-solving.
Connorz5 found that there was attitudinal difference
between calculutor and ron-calculator groups. Futherman127
findings on attitudes support those of this study which found
ability to have played an important causal role

in the attitudinal process . Other studies not necess-
arily in thz use of calculator but media studies havs

found similar results. The results of these research

works would be discussed later im this report.

Hypothesis five
There will be no significant relationship in the
groups attitudes toward mathematics (MAS) and attitudes

toward calculator (CAS).

The t-tests (Tatle 87) showed that there were signi-
ficant differences between mathemetics attitude scores
and calculator attitudes scores in all the groups. This

would imply that some relationship did exist between the MAS

127 Futherman, Robert: A causal analysis of expectancies
and values concerning mathematics (the University
of Michigan, 1$80), DAI, 341B, 3628, 1981.



- 270 =

and CAS. When this relationship was determined using
Pearson correlaticns approach, it was found that r,
correlation coeffirients were not significant at p = .05
for all the groups and the F-value: (F(1,124) = 1.57 also
was not significant at p = .05). This hypothesis was not
rejected, that is, there was no significant relationship
between the MAS and CAS. If any relationship did exist
it could be said t h a t - it was not significant at
P = .05. Hence any change in attitude possibly towards
mathematics might not necessarily mean change of attitude
towards calculator. Calculator was used for six weeks by
the treatment groups and some of the pupils had not been
exposed to instructiun where calculators were used.
Roberta' found" evidence,.of calculataops
influencing immediate and spec’fic a3ttitudinal perceptions,
but evidence supporting more general and lasting changes

of attitudes Was not =2vailatle.

VI Hypothesis 6.

There will be no significant relationshib in pupils’
achievement and attitudes towards mathematics and
calculator.

The recults showsd that:(N = 126, r = 0.308, p < .001)

for post-test scores 2zainst mathzamatics attitude scores,
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N = 125, r = 0.05, ot significant at P = ,05 for post-
test sccres against mathematics scores and N = 126,
r = 0.194, P < .35 for posc-test scores against post-

attitudes.

Thers was a significant relationship between port
tests scores and post-attitude scores. When multiple
rezression analysis of post-test as dependent variable
and post-attitudes as independent variable was done, the
fcllowing result ‘as obtained: (F(1,124) = 4,84, P < .05..

Qimilerly with post-test scores as dependent variable,
and MAS and CAS as independent variatles the result of the
multiple regressivu.. analysis also showed: (F(2,123) =
68.052, P 2 .0031)

Both results showed some significant diffefences hence some
correlatione existed a n d hypothesis 6 was rejected. That
is, theire was significant relationship between post-test
scores ard post-attitudes scores. This finding is supported by

13

Quinn’s™ study who investigated the causal relationship

between mathematics achievement and attitudes, and found

some significant correlations between mathematics attitudes

and achievement at grades 3 and 5. Similarly Gordo*28

128 Gordon, B.W. A profile of High and Low Achievcrs
in Mathematics (Doctoral dissertation, Duke
University 1871) DAI, 463¢ - 4640, Feb. 1978.



- 272 -
on a profile of high and low achievers in mathematics
found that ettitudes to mathematics to be related to
students' level. of achievement. This was not corroborated by
Shumway et al21 who found that children's attitudes towards calculators were
more positive than their attitudes toward mathematics.
Other contrarv findings were those of Corey129 and Wolf
and Blixt130 who suggested that attitudes toward mathematics
are causally predominant over mathematics achievement for
their comrion variance. The findings in this study are compar-
able with those of other media when used in mathematics in-

struction.

6. Relatinyg findings to other media

Calcula*ors as 2n electronic medium could be compared,

in capakbility for mathemetics instruction with any other media.

UWIESCO, accc~ding to Balogunl‘31 in "New methods and Techniques

in Education” listed the following media:

(1) Radio and Television

(2) Electronic Conputers and

(3) Programmed learning and application.

128 Corey, J.F.0. The relationship between attitude ...
and academic achievement, (Doctoral dissertation,
The University of Rochester, 1978), DAI, 3SA,

2824 - 2625, Nov. 1978.

130 Wolf, F.M. and Blixt S.L. A cross-secticmal and cross-
lagged panel analysis of mathematics achievement
and attitudes. Educational and Psychological
Measursment, 41: 1981, 829 - 834.

131 Balogun, T.A. Programmed Learning and the teaching of
Science, West African Journal of Education (WAJE)
15 (2), 1971, 10%-116.
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Relatively, most of the listed media had been studied
with 1limited results in Nigeria especially radio, televi-
sion, programnced learning (print); but the investigator
had not found any reported studies on electronic computers
or calculators in classroom instruction in Nigeria.

DeBlassio77 found positive correlations between
students' attitudes toward using a computer and attitudes
toward mathematics and instructional settings plus achieve-

131 ,n student attitude.

ment variables. However, Earle
toward geometry using computer assisted instruction found
that there were no significant differences between treat-
ment groups ir gttitudes towards mathematics. Some find-
ings of the study by Eacken3132 in mathematics by Television

133

and VWilson s study by audio tutorial course in mathema-

tics compared with the ones in this study where favouratle
attitudes wsre found towards mathematics. But wilkinson134

who studied the effect of supplementary materials upon

132 Earle, H.F. Student attitudes toward geometry.
(Doctoral dissertation, University of Maryland,
1972) DAI, 1572, 34, 1059A.

133 Backens, V.W. The effects of teaching beginning

mathematics Television (Doctoral dissertation;
North Texas State University, 1970), DAI, 1970,
31, 5143A.

134 Wilson, P.M. Do students learn from and like an
audio-tutorial course in Freshman mathematics?
Tuo year Collepe Mathematics Journal, 1972, 3(2),
32 - 41].

135 Wilkinson, G.G. The effect of Supplementary materials
upon academic achievement and attitudes toward
mathematics... (Doctoral dissertation, North
Texas State University, 1871 DAI, 1971, 32, 19%A.
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academic achievement in and attitud-s towards mathematics
showzd that there were no significant differences in impro-
vement in attitudes towards mathematics. Similarly Kolmosl35
studied the effects of instructional media in teaching and
learning teginning statistics, and found that 'Carret’

groups did not significantly differ in their attitudes toward
mathematics.

Despite somg . favouratle ana few conflicting findings

on the use of media in mathematics instruction it would remain
how much of those favourable findings have been disseminated

to the users in the schools and other learning environments.

6.5 Educational Implications of the Study and Recommendations

fhe res' 1ts of this study have shown that the use
of calculators by teachers would be an advantage in the
teaching and lsarni .g of mathematics in the secondary
schools. However, what prozpects and groblems await the
use of calculators in mathematics education? There would
pro_utly be protlems in the calculators entering
mathematics classrooms in Nigeria if the expérience of the

United States of America's school systems is anything to

go by.

135 Kolmos, NA.S. Effects of Instructional Media in
Teaching Beginning statistics (Doctoral disser-
tation, University of Illunous, 1970) DAI, 1970,
31, 4600A.
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r_-m'aree”s observed that in December 1874, the. Naticnal Council of

Teachers of Mathematics (NCTI) issued a far-reaching
statement that urged the use of hand-held calculators in
schools (HNCTM, 1874). The council found that the core
of mathematics instruction in the slementary school grades
was computation, pleasantly coinciding with the calculator’'s
first purpose, and a host of other intentions of its use
were envisioned (Suydam)3 sugh as: +o aic algorithmic
instructicn, facilitate concept attainment, reduce the need
for memorization, enlarcec the scope of problem-solving,
motivate students and encourage discovery, exploration and
creativity. With the reduced cost of calculators it
appeared accessible Lo tihe schocl systems.

However , more than a decade later, not only has the
celculator failed to redirect the curriculum, it hassven
failed tg enter most U.S. mathematics classroom. (Hembre:1115

Fewer than 20 percant cf elementary school teachers
and fewer than 36 percent of secondary school teachers have

employed ths calculator during instructior > (Spydaml136

136 Suydam, N. M. Tne use of calculators in Pre-College
Education: Fifth Annual State of the Art Review,
Columbus, Chic: Calculator Inf.rmaticn Center, 1982
(“FRIC Oocument Reproduction Service No. ED220IB).

-~
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Come have suggested that the use o” calculators in school
might not produce entirely positive effects, even computers,
so far, lhave not changeg the system of teaching of mathema-
tics in any fundamental way (Bell)137.

What must have teen the causel(s) of such development
in an advanced technological society such as U.S.A?
Perhaps several causes have inhibited the services of cal-
culators in schools. First, not all teachers and educators
applauded the WCTM's poisition: indeed its statement on
calculators provoked a barrage of skeptical comments, warn-
ing that such devices would replace skills with paper and
pencil. It was tnis kind of reaction that led to "one of
the largcst bouies nf ressarch on any topic or material in
mathematics education” (Suydam)135.

The qu-wtione that have often teen raised are

(i) Co calculators threaten basic skills?
(ii) What benefits would te derived from calculator usage

not already offered in the use of pencil and paper?.
The answer to the first question had consistently seemed

to be no particularly at the s22ondary school level where

137 Bell, F.H. Can Computers Really Improve School
Math=zmatics? Mathematics Teacher Vol. 71, No. 5,
1¢78.




basic skills would have teen developed with manipulative

)139. To the second

materials, paper and pencil (fueydam
question, the tenefits of calculators have remained some-
what in doubt, since many studies presented amtiguous

fin ings (Hambree)lls. While some studies recorded no
harmful effects of calculators' use in upper grades of
elementary schools and in high schools some failed to show
significant differences in either students' achievement

or their attitudes towards mathematics. Teachers and
educators rmay then ask, why bother w i t h calculators?
In addition most of the studies available are in published
dissertations where most of the findings have not yet Ebeen
popularized i:n the sducation system. Hence, teachers and

researchers need to reassess che calculator in what 83219140

called its "crucial implications for mathematics education”.
flonetheless, the findings of this study and others like that

115

of Hembree and Uessart have shown that

(a) Cealculatcrs greatly tenefit student achievement

especially for low, average and high ability pupils.
(E) Positive attitudes atout c=lculators migHt help to
reduce students dread to tedious calculations and

word problems.

132 Suydam, N.M. The use of calculators in Pre-College
Education: A state of the art review. Columbus,
Ohio: Calculator Information Centre, 197¢.

140 Begle, G.G. Critical Variatles in Mathematics

Education, Washington D.C: Mathematical Association
of America and NCTM, 1978.
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116 has affirmed teachers enthusiasm towards

riscoll
the calculator-use and pnsitive attempts at the incor-
poration of calculators into the California State Board
of Erucation mathematics programmes have been reported
Yet, the question of how the device could best be used
for effective instruction in the classroom demanded

research attention (Suydam)las, (Hembree and Dessart)

122

115

and ty the U.S. National Science Foundation report
It is apravent that with the availability cf
calculators, it will be impossible for schools to ignore
them. Teachers now use them, and some pupils do have
wrist-watchec equipred with digital calculators. In higher
education little rostrictions (if any) are being placed on
the useé of calculators. In the secondary school, at least
calculators may € oner or later replace slide-rules and
tooks of tabtles in the service of existing curricula. The
following opinions may te advanced while others may be
mere speculations as to the use of calculators in and out

of school, for it could be said:

141 California State Board of Education Mathematics

Framework for California Public Schools,
Kindergaten through Grade Twelve. Prel. Ed.
Sacraments: "California State Department of
Puklic Instruction, 1985.

42 National Science Foundation: Programme Solicitation:

Materials fof elementary School Mathematics
Instruction (NSF 55 60), Washington D.C.:
National Science Foundation 1986.
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(a) that calculators represent the kind of phenomenal change
in technology that can substantially change the society;
(b) one aspect of the change in society is that people
outside of school are already using calculators to
accomplish what we now make the principal component
of years of schooling; &and
(c) for schools to ignore this challenge pose. great
risks to the proper mathematics education of the
youngsters, and
(d) in fact, that calculators have already had a conside-
rable impact on education in and out of school.
Recommendation:
This study has revezled that the use of calculators
has no harmful 2ffects on the secondary school
mathematics, it i s therefore, recommended that:
1a Schocl authorities should allow the use of calculators to
supplement teachers and pupils instructional aids in the
teaching and learning of mathematics. The versatility of
hand-held calculators cannot be in doubt. Cafr *°

observed how calculators could be useful in the teaching

143. Carr., Jane, M. Get away from the Table: Make Interest
more Interesting. Mathematics Teacher. Vol. 73,
No. 9, Oec., 1986.
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and learning of a mathematics corise for business majors.
He opinsd thet several instructors who had to teach the
coursz agreed that hand-held ca:culators could be used to
solve most prcblems by choosing the appropriate formula and
the selving for many variabies. This has been found to
be useful particularly in this study for the solution of
il

a

quadratic equations by general formula (say: x = zhk

where &, b and ¢ are constants). Similarly calculators
can easily be used to create & seriss of iterations to
approximate value to some desired degree of accuracy

(e.g. %m where m = 0,1,2,3,...) and in other areas of
concept learning in mathematics.

25 That‘examining bodies for secondary education should allow
the use of calculators in tests. From this results calculators can
easily replace the use of Tables or Slide-rules in schools
because one gains not only greater speed and accuracy but
also the advantage of computirg values that are very large.
By using the methed of successive substitution,Cheung111
observed ithat secondary schcol pupils would have little
difficulty in understanding equations and their solutions.
3. \lhere possible,books should be written to incorporate

-

exercises that wouid involve drills in mathematics,
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=nd thersby e@ngpuraga pupils’' effective participation in
2lgorithmic computations and problem-solving.

4, Calculators may be purchased at grzat expensz2, it

would be advisable for schools to oparate a pool of
calculators so that each class can contribute and benefit

from such an arrangement. One advantage about calculetors

is that‘it is not as fragile as most other media.

Most, if not all can operate on battery. Operations of
calculators are easily learnt, even by elementary school
pupile &nd its durability and versatility are some advantages.

6 Suggestions on further Research

As mentioned in the previous sections, this study has
raised a number of pertinent and nhilosophical questions
which were probakly cutside thz sconz of this investigation.
Hence, they caoule not be z2nswered oy the present study in
any great depti. Indeod some of th2 questicns raised would
constituta an extensicn of this undertaking and answers to
them would serve to uncover unresolved issués associated
with this investigation. Th2 following suggestions for
further research studies on the Nigerian educational scene
are predicated on thes: unrusclveo issuas. Specifically
there is need to inquire into the fecllcwing areas of

possible calculator-use:
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1. Primary School level: 1In primary school at what
slaczs can the caiculator be integrated into mathematics
primsry :chocl curriculum in Nigeria so as not to have
harmful effects on the pupils’ tasic computational
skills:

2% Seccndary School level: The findings of this study

like most otoners have shown that calculators can effect-

ively be used to enhance higher achievement and positi- -
attitudes in mathematics., It would te appropriate if this
study can be replicated with a larger population, longer
duraticn, more criterion measures in attitudes and achieve-
mert, ard possible sex differential in relation to calcu-
later usage It would also be appropriate to have

further research studies to look at:

(a) the efvsctiveness and efficiency of calculator-use
compared with other media in instruction e.g.
programmed tex:t on prin%t or disc, computers etc.

(by thz development of mathematical concepts, problem-
solving capabilities with calculators, .

(c) teachers, parents, sducators and school administra-
tors attitude towards calculator-use in mathematics
instructiun and

(d) the calculator cost-effactivaness in relation to

other media.
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3 On higher education: Since ths usz of calculators

in higher educaticn is 21lowes, it will be appropriate to
have research studias that would investicate what effects
calculator usz may have oni(i) concept development, problem-
solving a2nd attitudes tcward remedial mathematics in higher
education in Nigeria, (ii) the teaching and learning of the
physical sciences.

4, The possible impact of thc usz of hand-held calgulator
on other schocl suuvjects particularly the physical sciences

and stz=tistics.

7 Summ2ry and Conclusicn

The purpose of thz study was to determine the effects
of the use of slectronic-calculator an the learning cutcomes
of mathematics instructicn. The critzsrion measures of the
learning outcomes of the study were achievement in mathematics
and attitudes toward mathemztics and calculator. Tha study
was limited to secondary school mathematics and the
achievement mz2asurz was in terms of computetional, conceptual
and problem-solving aspects of linear equations while the
attitude was limitsd to attitudes toward mathematics and
calcutator use in mathematics instruction. The study did
not investigate other psrscnality varisbles cf attitudes

such =s s2lf-concept, anxizty efc.
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Most of the literature and empnirical researches consulted
da2alt with the studies that w-or= carried out in the United
States of America or reportid therc. The pilbt and mz2in
study used 2 3 x 3 fzcterial decsign with three levels of
ability: high, average and low and with two treatrent sroups and
control group. It was a pre-tsst - paost-test-centrol group
design. The trzatments were calculator in instruction and
taests, anc c=alculator in tests only. For the pilot study, all
the nine groups wsr2 in the same schocl. However, for the
main study, thres comparable schools were used. Each school
was randomly assignzd to treatment groups and control groups.
There were thrse grcoupg of different mental abilities in
2ach schonl.

For the pilot study, %0 subjects completed the study
and for the main study 126 subja2cts completed the study with
an average of 14 subjscts per ernup. There were equel
number of beys .and ¢irls per grovn. The three schocls wera
selected by multi-stage sempling from the population of mixed
secondary schocls astahlished more than 10 years ago in the
Ibadan Municipality. The instruments used for the study
ware:

(i) Pre-test itzams in mathermatics

(ii) Past-test items in mathematics
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(iii) Modified ACER ML and MQ (verbal and riumerical)

tests.

(iv) Atcitude questionnaire
(v) Mathematics teachers attitude and school inventory.

fvi) Instructional module

(vii) Mcdified Flanders classroom interaction model.
The duration of the study was for six weeks.

Six hypotheses were stated and the results of the

study wsre presented and discussed based On'thése hypothes@s

tested in the study. The mejor findings were on the

hypotheses tez.ec while the subsidiary findings were derived
from them.

Major findings:

1. Thz me:a pecsi-test scores of those groups who used
calculetors on instruction ancd tssts (the unrestricted
groups), was highor than calculators in tests only
(the restricted groups) 2nd the non-calculator groups
precisely, the calculator groups have higher achieve-
ment than non-calcul=2'or groups in mathematics.

2 The mean post-test scores of those groups of high,
mental =2tility was higher than those of average and

low mental ability groups.
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This would mean that pupils of high mental ability

would have higher achievement ii mathematics than pupils

of other ability levels.

3. There was no significant difference in the mean

post-attitude scores of pupils i n the unrestricted

calculator, restricted calculator and nor-calculator groups. Since

their means were not significantly different, their attitudes

was not different towards mathematics and calculator-use

But significant difference did exist between the mea of the

post-attitude scores of unrestricted calculator and

restricted c-iculator groups. Hence this had an inconclus.ve

results.

4. There was no significant difference in the mean post-

attitude scores of pupils of high., average, and low

mental ability levels. Since their means were not signi-

ficantly different their attitudes was not different towards
mathematizs and celculator use. For the high mental

ability and low mental ability groups,there was significant

difference in the means of their post-attitude scores.

For the other groups there was no significant difference.

This implied that high mental ability group pupils had

bettex att tudes towards mathematics and calculator than

low menta. ability pupils.
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5% There was no significant relationship between the
pupils attitudes towards mathematics and attitudes
towards calcu}ator. Hence, at.itudes towards mathematics
was not related to attitudes towards calculator-usage in
mathematics.
6. There was significant relationship in the post-attitude
scores of pupils and their pcs*-test scores. Achievement
was found to be significantly related to positive attituaces
towards mathematics and calculator usage.
Subsidiary findings:

(i) The restricted groups showed no significant
advantage over the non-calculator groups in the
mathematics achievement scores.

{ii)  The high mental ability pupils have better
2ctitude towards mathematics than other ability
groups,

(iii) The pnst-test sccras of the pupils were more
positively correlated to mathematics attitudes
thar calculator sttitudes. '

(iv) Although, there were nco significant differences
in the means of tt= post-attitude scores of the
croups vet, there were attitudinel changes among

the groups.
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The findings or achiesvemen™ measure ssemed to be
conclusive i this study wihile those findings relating to
attitude measure seemed inconclusive. Despite th- posi-
tive cori®lation between achievement and attitudes of the
groups further research studies should be carried out on
attitude variabl=2s as regards to calculator usage. This
study of electronic calculator in mathematics instruction
presents opportunities for further research on the influ-

encel(s) of different electronic media: computers, video-
L S ed 2 : . .
capes, television etc. in mathematics instruction on such

outcomes as conceptual development, problem-solving,
creativity and attitudinal variables.

On the whole, others in Higeria or elsewhere may
replicate this study with larger population and longer
duration. Tc¢ utilize the findings on the use of calcula-
tors like wi3any other media in instruction would demand
apprupriate techniques in disseminating related research
results to learners, teachers, educators and school

administrators.

Many issues raised in this study may not te resolved
effectively by experimental research alone but rather in
conjunction with survey, philosophical and clinical

rasearches.
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So far, experimental research study in the use of
calculators in instructicn in Nigeria like most media
studizs, would entail a lot of expenses in term' of pro-
curements of calculators. Handling and operations of
suci. calculators demand care by pupils and teachers.

Unlike some other tools and instructional aids the cal-
culator. is rather easily controllable by the learner and
may obviously become the successor to slide-rule, brok

of takles for pupils in the school systems. It would
appear that there is the social azceptability of electro-
nic calculator in the business world as a tool but the
relurtance of the school systems (primary and seovondary)
to accept th: device as a teaching and learning aid remain
an issue to oe resolved.

However, the uesign and possitle implementction of
the findings of this study can help to provide insight into
the integration of calculators into the classroom instruct-
ion and mathematics curricuilum. The result of the investi-
gation would obviously be of interest not only to class-

room teachers, btut also to parents, educators, school

administratuors and examining bodies.
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APPENDIX 1
= .
Mathematics Rrs-test
INSTRUCTIONS: TIME: 30 Minutes

1) . Answer all the questions
2) A1 questions carry equal marks

3¢ FBach question is followed by five options lettered
A = E find out the correc’ option to each question
and write the correct answer on ycur answer sheets

Example:  If 2 w 3x = 2(1 = x), which of the following
is true for x ?

. Az%l B = 3y c-"§1 D--‘;'E-ﬁ
fnswer: C = e
ANSWFR THE FOLLOWING QUESTIONS:
W i 32 #.63) ¢ R (sinflity: HE + &) ¢ X
A"S'B-:?;'('gé,3=3é.ﬂ-2 1
24 Ademola im x years old. TWrite an expression to represent
. his age two4grears ago. R

A = xyears, Ba= (x= 2)yrse, C= (x#2) yrs;, D = 2yvs,
E = %yrs.

3."  Given rod belows 2t ———

[ S
— TS

From the rod (3t.+ 2b) centimetres long, a part 2tem is cut off.
What is the length of the reminder ?

A = (5% + Zb)cm, B = %3t+2bgcm, C= (t +2b)em
i 2t m, FE = 5t = 2b)cm,

do  I£2p - e dacs Find Pvhenm's 20, 1 = 2
A = iy B..64 C=3. D-Z, Es= 1,
Se Express P Nairag g Kobos in Kobog
A = 10pq, B w 100P+Q. C-?OOpq

6e Find the value of p if 2(P=]) = 2: A= 3y B =4y C= 5
D o 6’ E- 8
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2 .2
Te Given that x m = 2 and y = %, find xy° = Xy,

A n—&' B--10.g-2~}, D-G. E= 8,
8¢ © Given tke figure belows

C.
If 3x + 2. = 122°, find x3 - ,
A = 400, B = -\mo, Ce= 1‘220' D= - 1220’ E= 410.

9  Simplify: 2x(3x - 4) = 2x(2x = 4).
» A= 612. B e Bx 16xy C= 2:2 +# 16xy D= 212, E= 16x

10, If [] = 8«2([]=3), what the value of []
A= 5 ﬁn-S, C=2y D=w=2, E= 6,

4 An1,:‘8n7, C =3y D = 4y E« None of the above,

v loy g |

M, If %f -‘7}'-—1-',—}:_4_, What is the value of 4 ? ?

Ed

A

The sbove is a balance, what is the value of x %

Kk = 10&-.3-1‘&.(:-4;‘01)'23'3-4.% | :
Pz (f’..tl l
: 3

The'at ¢ is a balance, what is the value of P ?
A--I3Q_B=21, Ce 93 D=Ty E= =~ 21,

e T h4bem2bmb websby fhatish?
a=17y)B=0) C=e12y) D= 1y E= =i, '

1&'-.~

A

15 If 15 subtracted from 10 times Xy the result is'55, find the
value of xo A = 10xy B= 55, C = 19x - 15,
D = 7! E = 4.
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APPENDIX 2

Mathematics Pre-test Answers

NOS ANSWERS VALUES

1 c 7/6

2 B X=Zy

3 c t+ 2b
4 D 2

5 B 100p + q
6 c 5

7 A -2}8

8 A ag°

g D 2 x2
10. D =2

11 c 3

12 E 4.5

13 B 21

14 B 0

15 0 7
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APPENDIX 3

Difficulty Index and Discriminatory Power (p)
of the Mathematics Pre-test

TEST-ITEM DIFFICULTY INDICES  DISCRIMINATORY
POWER %
1 0.45 55
2 0.25 75
3 0.25 75
4 0.25 75
5 0.50 50
6 0.60 40
7 0.75 25
e 0.25 25
9 0.40 50
10 0.40 60
11 0.20 80
12 0.15 25
13 0.45 55
14 0.50 50
15 0.25 75

AVERAGE DIFFICULTY INDEX OF PRE-TEST = -0.40
From R/T x 100 = DIFFICULTY INDEX R..... No. Right,

T esaee Total Test Itams.
AVERAGE DISCRIMINATORY POWER OF PRE-TEST = 63.3%
From D.SCRININATORY POWER P = 59;§-5E

RU ... MNo. of Pupils in the Upper 27% of the group who
got the item right.

RL +»+ No. of Pupils in the Lower 27% of the group who
got the item right,
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Mathematics Achievement test

NAMEs D I R AR SR

AGE: D R N ) Sm: D R A R )

SCHOOL:.‘Q.QQ..---.-n..oo..a....l.l.onoo. DATE OF TEST weesoove e

This booklet contains an example and 30 multiple-choice objective
questions,

INSTRUCTIONS: Please answer all the 30 multiple-choice objective
questions., You should write out only the correct letter,
IMPORTANT: You have 45 minutes to complete the test. Some
questions are easier than others, If you find any question is
too hard, leave it ocut and come back to it later if you have time,

Do not spend too much time on any question.

Example: Find x in the equation
X =-ab=ay ifa=14
\ b =1 and
y = =2
A=-4, B=4; C=8,D=12, E=12. The correct answer is B,
You should write only B.

Now Answer the following guestionss:

I. Find the value of x if § = 5b - x when y = -2,2 and b = 1,5
A = -9.70, B = 5.50, C = 9.70, D = -5,50, E = -5.30
2. If § - 3x = 2(1-x), which of the following is true for x

A=1,33, B=0.75 C=-0.75, D=-1.33, E=0.67
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2. A lorry garrying concrete blocks weighs 864 kg when loaded.
¥ ihe blocks weigh three time as much as the empty lorry., Find the weiént
of the lorry. Hint, Weight of lorzy = Lorry + Concrete — weight of concretec,
A = 2830kg, B 25920kg, € = 3456Ckg, D = 2I5Ckg, L = 960kg.
22. Dairo is buying books for her frionds onc of thec books they-went costs
¥2,00 nore than tie other., 5hc buys § of the more expensive book and 3
of the cheaper book, Hinl, Let x = expunsive book,y= cheapfr book,
o Form Simul vaneous .auations ang find the cost of the .cheaper book.
A= _.HZ.T75, B = #3.50, C = ¥2.00, D = ¥I.50, E = ¥3.00,
23. If Jehn.earned B48 for I6 hours work, what wash\his ave:.r-ﬂ.ge waga per hour?
A = #3.00, B =24.00;, C = ¥2,00; D = ¥5.00, E = 6,00
Z4, Akin and Ayce were given 9Ck to share., Akih is younger than Ayo,so he has
.t»; get 20k lcss than Ayo. How much did Ayo\, get?
Let Akin's share be 'x and Ayo's sharc be'y form simultaneous cquation.
A = 45kobo, B = 55kovoy” C = 35kobos , D _ TCkobo, E = 20 kobo
25, From question 24, how much did AXin get?
A = 45kobo, B = 55kobo € = 35kdbo, D= ’_IO_E’obo, E = 20kobo. .
26. The sum of"throe consco@tive numbers is I23, Fiad one of the numbers(Hint e.g.
consceutiivé numbers are §5306,87)
A= 2, B = 30, C =4T,/B 92, E - 66.
27e A bookshelf hokls X tooks each I200mm thick., The spme booksh elf can hold
# {x13) books cach 600mm thick., Wiat is %he length of the Bhelf? ~
= I@B00mm, B.="I14600mm, C = I5000mm D = I6800mm, £ = I920C0mm.
28, 3 + 0.98 +S + 3000 = I8, 000, Find S.
\ = I5, 000, B = 6000, C = 9000, D = 7500, E = 5000.
29. If X =2 + V4+I6 Find Zo,
_._T
A= I.236, B= -3.236, C="#1.532, D= 3.236, B = I.632.
;30.' I8 B° - 4ac = O when a = =0.,675 C ==75.00 Find b. _
A = +I42°,3, B= -I42,3, C =-I4.23, D= 202.5, B =I4.23.
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§ diwen that x - 2,0 and ¥ — 0.0 find the v '_.lue of y-—- X7y,
A% 2,50, P =\ I0, C = 2,50, D =165 Em 8., A== 2,50
4 diven the simultaneous equations 2x - 3y + 2 = 0 and 3x + 2y = 23,
caleculate the value of (= - ¥).
£

A = 2y Bom 5y O = 5325 D 2= 1.0 -

— 4‘-3-’
5 Two quantities, y and x are connected by @ linear reldtion of the Sozm ¢

v = %z + ¢ whore k and ¢ are congtajts. If x = 60 Wléh ¥ =I0 and x = 240
-wvhen 7 = I00, find tke equation connecting y. and\x,
A3 7 = Zx 4 20, Bt ¥ = 3x ~ 20, C: ¥y = kic Dt y =\2k - II0, I y = 2k — I30.
Se If X ==1I, 7y =2 and Z= 3, ovaluate x2+y2+ Zz- Ixyz

L2 =32, B= =4y GC=4y Dw I4y E= 32 °

7. BEvaluate y = 3"Z
L = 0.0032, B = ~0.483 : = -13.4832.

¥iad x from the figurel & x
A=—40° B = 40°CST2 )y De-l227 E=AI
9, If x = 2, evallety x = (3-(x =(2-x))+4)

A ==5, B==330% 2 D=5 E=6 ‘
-
Vs - 3x f ! 15 ~ 5%}

i S 3 :
+he above figure is‘g balance, what is the value of x?

A.:—-S,B:I.ZB, C=5’D= —I.ZS,E____II a
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II. Find i, \
7 > {5 - !8@
- L |

A=I,B=2,C=3, D=4, E= 5. — ol

I2. Find the valuc of fx - y if x +y =8 and 2x = 7 = T4

Ae 3, Baly G e by d=I3, Be Tl

I3 Ifm=4a - p

L =TE5, B s = 615, B 56,5, D= SIT.5, B = IT.0

T4, Given that x + 2y = 4 and 3x + 4y = 6, find'the value of (x + )

A B, Be:3.50 € = Y10 Dis 255, Bis LD

5. If E= 4m (v2 - uz) find m, when ¥.= €70, V= I0 snd u = 8

L= Th4y B= 36, C =I5, D= 7.5, B =013

I5. Given triangic ABC where AB = 4%~ I B3C = 3x + 2 and CA = 2% + 3,

a find q vhenm = 5; p = 2 and a = 4.5

If the perimeter of this triangle is I48cm, find x.

AB + BC + CA = I48

fy = 2 o 5 5 5.
©*T 9 B=16, C =159, D\= 162 E==

_ 5y 9.
I7 If . % - 8 =2( ; ~=/3), what is the value of :'/'?

Ah==2y B=2, C=8ByD==5E=6

I8. The formula, F/="9c + 32 is a temperature relationship of Fahreheit (F)
and Centigrate\(€)s Find the temperature when ¥ := C,
A= 40y B=TI, 4, C=8, Dw =II4, E = - 40,

I9. Giwven that 3x + 2y
A =058 =Ty C=2y, D=3y E =4
20 If 802 -I) = 60z, Pind 2

4

; 4 : _ v .
o= _7:;’ B = -4a0, C = :i, D= [.O, = 4.0

I8, end 3x - 2y = I4, FPind the value of x.
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12.
13.
14,
15,

c
D
A
E
B
E
A
B
B
C
A
E
D
c
K
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16.
17.
18.
i9.
20.
21,
22.

m o @@ > O 0 . > o4y m o m > MO @
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Difficulty Index and Discriminatory Power (P) of the
Mathematics Achievement Test

TEST DIFFICULTY  DISCRIMINATORY TEST DIFFICULTY DISCRIMINATORY

ITEMS  INDICES POWER (P) % ITEMS INDICES  POWER %
1 0.69 50 16 0.53 17
2 0.40 a2 17 0.31 17
3 0.51 42 18 0.22 17
4 0.40 50 19 0.78 02
5 0.51 40 20 0.56 58
6 0.51 58 21 0.04 08
7 0.40 58 2 0.42 a2
8 0.73 25 23 0.73 42
9 0.16 33 23 0.49 33
10 0.56 58 25 0.49 33
11 0.58 17 26 0.60 33
12 0.62 50 27 0.47 08
13 0.33 42 28 0.40 42
14 0.20 17 29 0.22 33
15 0.17 58 30 0,20 00

AVERAGE DIFFICULTY INDEX = 0.46
AVERAGE NISCRIMINATORY POWER P = 42%

2= X{N-X)

USING -

r = reliability coefficient of the whole test = 0.54
o = standard deviation of the test scores = 3.95

o= 15,61

X = the mean of the test scores = 13.87
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APPENDIX 7

Instructional Module on Equations

TOPICS:

(i) Simple equatian.

(ii) Simultaneous equations.

(iii) Quadratic equation.
DIRECTED TO FORM FIVE PUPILS SECONDARY SCHOOL, NIGERIA
This module takes cognizance of the fact that pupils

are already familiar with some aspects of equations. It has
been prepared to be used with calculator. The general
instruction on the use of calculator with this module is at
the end. Comnutational algorithms have been incorporated in

all aspects of the exercises in the module.

OBJECTIVES OF T'E LEARNING CONTENT:

(i) To introduce the pupils to the concept of equations
simple. simul ' aneous and quadratic.

(ii) To identify different forms of equations: simple,
simultaneous and quadratic.

(iii) To solve different equations - simple, simultaneous
and quadratic.

(iv) To translate word-problems into equational format -
simple and simultaneous equations.

(v) To solve the word-problem equations simple and
simultaneous.

PREAMBLE :

ihe moduie is divided into FOUR parts. Each part consti-
tutesan instructional content relating to each objective. The
instructional content shall cover a period of 40 minutes. It is

made up of examples on the concept to be developed and graded.
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exeroisese The pupils shall be allowed to work at their own pPacos
_ Each instructional content shall be followed with exergises which the
pupils shall respond to., The pupils shall be made to use only this

module for the project.

PART I
INTRODUCTION

Two types of linear equations shall be congidered in detail,

while quadratics id discussed with cxamples.
. 1¢ Linear simple ecquation in one variables
This is an equation having oné as the power of its variable.
It has ~ singls sclution.
Consider this lincnr' equations

-32‘4—*5-8.:0

x = 9 is the solution,
Please note that x is the unknown variable and the solution
of z = 9 will satisfy that equation. Give other examples.

2, Simultanecus Linear equations in two variables called the
unknowns. These equations consist of twe lineay equations in
two unknown variabless The cquations are solved by eliminating
one of the two unkown variables and thereby reduce the equations
to one lincar equation in one unknown variable; which is then

solved as simple linear equation, The solution to the other variable

is obtained by substituting the solution already obtained into one of

the two given equations and then sulve the resulting linear equation,
Consider the equationss
X+ Yy = 20

X = = 6 = -
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Please note thot x and y are the twe unknown variables in these

eqaticns:
Solving these equations:

X = 13

y = T
Those values of x and y shall satisfy the two équations

the two unknowns

1347 = 20 13= T = e Other exemples shall
% -« be givens

3e The third form of equation, cuadratics “1is an equation in one
variable, hoving 2 as the highest nower of its variable, It
has ot most 2 solutions. 4L general quadratic equation is of

tko form

a.x2 +br+c¢c = 0 where ay, by, and ¢ are constants

To solve the quadratic equation ax2 + bk # 0 = 0, the factor
'
m>thod is nsed when the exprezsion ax® + bx + o can bo

factorisels However, if it camnot be factorised, the formula
X = =b 4 'b2 - 4oc

2a
solve for x which is the unkmown varisble and will have two

is used to

values, To give examples Ceite X2 = 3X 4+ 2 = 8

PART II

SINPLT ZQUATIONS

An couation is an open sentcnce with an equality sign., For
exampley 4+ X = X + 2x is o statement which expresses 2 truc stato~
ment if 2 is substituted for x, That ig when x = 2 what is ~n the left
hand side (LeH = 8 :~ (4 + x) ) must be equal to the righthand side
(ReHe S 3= (x + 2x)s The expression 4 + x is eqal o 6 vhen x = 2

and x + 2x alse is equal to 6.
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Any of the four basic operations of elementary mathematics
(n3di4im, subtraction, multirlication and division) con be performed
on L:oth sides of an equation; though the expression will be altered
yet the equation will still be trues Examples: =3x —. @) 4x~2 = 53

3 + 4=T etcs
Yicrked Examples
i) Consider the equation 22 = Tx = 6

Solution: Add 6 10 both sides 22 4+ 6 = Tx =8 +%

28 = 7]!
Tivide both sides by T3 -,2,-‘-’- = 57@5
Y. N

The solution is x =4
It may also be néccssary for us to check if our solution
is correct or not:

Thus if %= 4 then 22 = 7(4) = 6
= 26 - 8

LeHeSe = R.MHeSe 22 = 2
The-sclution is correot.
ii) * Consider tie couation x + 2—325.—5' = 3¢5
SOLUTTI QN
Multiply through by 225 (thc LeCels)
Thus 22,52 + x = 3.5 X 22,5
23,5F H.o.m 7875
Divide both sides by 23.5

235 . _T85
2345 ® LB

X = 3. 35
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o 3235
Check 3.3 + 32e6 = 3.50
3035 + ‘0.15 = 3050
The solution is correcte

o : 3 o
iii) Consider the equation _-_ PRE: Lo T aaa
SOLUTION 2,2 3e3 bel

Multiply through by 31,944 (the LOM)
14252 % 4+ 9068x + Te26bx = 31,94
14e52% + 9468x + Te26x = 31944
3edbx = 31,944

31.4§x . 3l
31-/-,3 310

Divide both sides hy X = 1,015
Check 1013 - 1015 |, 1015 1.0
242 33 T el i

0546 +.0.31 ¢+ 0,23 = Tod

The solution is x = 1,015,

iv) Sclve the cquation x = 3¢5 = 353 & 145
245 2
SOLUTION¢

Multiply both sides of the equation by 8475, the LCX
le 305! - 30.525 = 2.51+ 13'125
Add:s 30,625 to both sides

3¢5x = 2,5x + 43475
Subtract 245x from both sides

3051 - 2¢5%x = 205x+ 43075 - 245x
x = 43,75

Checks 3e 3e
Aé‘:,%i" 3e5 = '4‘3'.‘;2 + 1¢5

1705 - 3-5 = 12.5 + 145
14e0 = 1440

The corrget sclution is x = 43,75
R
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Solve the equations

X=20 = 3x=40 = 100
3 4

Multiply both sides of the equation by 12 (the LCH)
4(x = 20) = 3(3x = 40) = 1200
Remove brackets:
4z = 80 = 9% + 120 = 1200
Collect like termss:

Ax -~ 9x = 1200 + 80 -~ 120
-5x = 1160

14

Divide both sides by ® 5

=5x _ 160
=5 -5
b o = 232
Check 232 - 20 - 3(-—2322 = 10 = 100
3 4

mEEL —"6-95»-——-2 £ - 100
-gi% + 1'3_6' = 100
~84 + 184 = 190

Tho correcet golution is x = 232
PUPILS I¥ CLALSS

Practise Exercise: Solve the following equations:
i) B+.1.2 ( 5)
5 - 3 P"1(1)‘ = 22,5

i1) 4+ 1 = 0,75
$ - 1

iii) 3x =2 (x+3) = T=x
) x+4 = 12

v)-,;:(y-4)=%7._ ‘.
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SOLUTION
> 0 % 25D

Multiply both szides of tho equation by 40 (the LeCeMa)
2(P + 142) = 3(P=145) = 225
Remove brackets:
2P + 244 = 3P + 445 = 225
.Cellect the like terms:
2P = 3P = 225 = 2,4 = 445
-P = 225w 9,9
P - 21841
-P = 21841

Check “218e1 # 102 = 3(=218s1 = 1s5) = 22,5
5 10

= 43,38 + 65,88 = 22,5
22,5 = 2245

The correct solution is Be = 21841

ii) t +.1
1t - 1 = 0075

lultiply both sides by (t = 1)
t+1 = 0,75t = 0,75. Remove bracket:
Collect the like terms:
T =075t = = 0,75 =1
0¢25t = =~ 0.25

Divide both sides by 0,25

0,25t KI5 o
028" ™ 40,25 %%52

C—
Check :%} = 0.75



sy = _510 -
- 6 0
= = 15 .
“2_‘ = 0.5
0.75 = 0,75

Th

¢ cdrrect solution is t = T

iii) Ix=2 (x+3) = T=x

Xx=2x =) = T=x Remeve bracket
3 = 2% = X = T+5 Collect the like terms
X+ X = 13 Dividc both 'sides by 2.
2x = 13
2x
ST
x = 045 .
Cheoks 3x 65 = 2 (6s5+3) = T=065
1945 = 2(945) = 045
19¢5 = 19 = 045
05 = 0.5

iv)

The correcet solution is 0,5,
X+ %x = 12
Multiply both sides of the equation by 3:
x+x = 36
4X = 3%

Divide both sides by 4s

4 = ¥
2 )
X = 9

Checlkes 9 + 3(9) = 12
9 + 3 T
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v 2G=4) -
r~ult1pL botl sides of the equation by T
y~4 = ¥
Colleot the like terms
T-¥ = 4
2y = 4
Divide both sides of the equation &y

= S

¥

—3j

Check (-.2..4) = -,=;’-(-.2)

'
i
SN
ﬂ

=)
~3
1}

he correct solution is y= 2.
WOitD PROBLFMS LTADING 10 SLMFrLE ECUATIONS
Statements whick bear relationships with one another are often

considered equations, For example: If I double a murber and add 2

ot it, the'result is 8, What is tho number ? By trial and error with

different nunber cembinations ome may get the answer as 3, but this
waste time,
However, the question could casily be solved if put in an
alzcbraic form,
Suppose the number is xe« 2x is the same ag 'twice x',
So 2x +2 = 8 which ig an eqation
SOLOTION: 2x = 82

2Kn 6
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Check P A T ] = 8

6+ 2 = 8
8 = 8
The correct sclution isx = 3 which is the mumber.
WORKED EXAMPLES: Consider the followings
i) The sum of tirce consecutive odd mumbers is 93, ~What are the
numbers ?
SOLUTION:
Let x = the first odd mucber
Then =x+ 2 = the nexrt oonseoutive odd rumber
And X + 4 = the third consecutive odd number

First number + second number + third mumber = 93

x o+ (x+2) + (z+4) = 9
X + X+2+ X +4 = 93
x +6 = 93
3 #6 4+ (=6) = 93+c=6)
Xx = 87
g - F |
x = 29 first number
X+ 2 = 31 sccond mumber
x + 4 = 33 third number,

ii) A father is now six times as 0ld as his son, In twenty=twe
and half yecars from now, the father will be three times as old

as his son will then bes How old is each of them now ?
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SOLUTTON:
Let x years be the Son's present agee
Then 6x ycars is the father'!s present agee o
Algo, (x + 2245) years is the son's age 22,5 years from nows
And (6x + 22,5) years is the father's age 22,5 ycars from nowe
The fathcr's age be three times the son's age (x +.22,5) yearse:

ox + 22,5 = 3(x + 22,5)

6x + 2265 = 3x + 6745

6x = 3x = 67.5= 2245

3x = 45

x = 15, the son's age now

6x = 90, the father's age now.

iii) A man drives from Ibadan to Oyo, a distance of 55 kme, in 45
mimitess Where the surface is good, he drives at 90km/hr. 3
where it is bad, at g‘km/hr. Find the nmumber of km of good
surfacce
SOLUTION:

Suppose there are x km of good surface. Then there are
(55 = x) kn of bad surface, Over the good surface, he
drives at 90km/hr, '
Therefore, he drives xdm at 90km/hre
The time taken is 1/90 hourse
Over the bad surface, he drives at 60km/hr. Therefore he
drives (55=x)km at 60km/hr, The time taken is %%g ﬁs.
The total time taken is 45 minutes or § hour,

e _:3_6 = -ox g

Multiply both sides of the cquation by 360,
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4= +‘§(55 -x) = %0

% + 33 - 6x = 2%/® Ramove brackets
Ax = ox = 270 =~ 330 Collect the like terms
- 2% = =50

-"_% - ‘_'_26-! Divide both sides by-e2

x = 30
Trere are 30km of good surface and
25km of bad surface
wys N\ 2
Chock: He drives Ykm at 90 km/hr, Time taken = o DT
= 25 mimtes,

Total Time teken. =’ (20 + 25)

= 45 minutes.

PUPILS' IN-CLASS PRACTTST RXIRCTISES

i) A rectangle has its length four times a8 long as its widihe
Its perimeter is 720 on, find the dimension of the width and
length,

ii) A boy is paid 50 kobo for cach day he worke and is fined 25
kobo for each day he fails to work, After 20 days, he is paid
¥7,00, For how many days has he worked ? '

iii) A girl is 10 years older than her brother. In 5 year's time,
she will be twice as ol? zs the boy., How olé is the ooy ? How
old is the sister ?

SOLUTILON:

Let the width of the rectangle be w
Length of the rectangle = 4w

Perimeter = 2 (1 +Db) 1 = lengthy b = width
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720 = 2 (4w+w)
720 =  2(5w)
720 = 10w

-
Divide both sides of the equation by 10:

20 0w
B ~How-m

The width is J2cm and
length is 288 om,
Checks 720 = 2 (7 +b)
720 = 2 (72 + 283)
720 = 2 (360)
720 = T20,
Dimensions 72am T2¢m and 288 om.

ii) Let ¥ represent the number of days he workede
Hamber of days he did not work (20 = y)
Amount paid for days he worked = 50y kobo
Amount) fined for days ke did not work = (20 = y)(25) Kobo
Total -amount paid for workinz = T00 kobo

50y = (20 = y) (25) = T00 .
50y = 500 4 25y = 700

7% = 00 + 500

T% = 1200

Divide both gides by 75

6 R 1.
13 5

y = 16

He has worked for 16 days he did not work for 4 dayse



Checks 16 x 50 - Ax25 - 700
800 - 100 = 700
T00 = 700

iii) Let the age of the boy now be x years.
The age of the girl now is (x + 10) years.
In five years timos the age of the boy will be (x + 5) years.
Age cf the girl in five years time is
2(x + 5) years

(x+10) +5 = 2(x+5)

=+ 15 = 2x+ 10
15 = 10 = 2xw=x
5 = X

Age of the boy is 5 years

Age of the sister/is 15 yeors.

PART IIT
STMULTANEOUS EQUATIONS
So far, the equations that have been solved involved only one
unknown each, but if we need to find two urknowns, we require two
equations to involve the unknownse Consider these equations:

& -7 » =13 ) called simultancous oguationse

2x + y = 17
The equations are solved by caloulation either by substitution method
or elimination method. It can also be solved graphically. However,
for this module, one shall concentrate on the two methodss

Method of Substitutions

This is by solving one of the equations for one of the

variables in terms of the other. One has to select the
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one variable 1o be solved more easily by inspections

For equations: 3x e~y = =13 i) y
2x+y = 17 ii)
From equation (i) y = 3x + 13
One will now substitute value of y in the second 3qu.a.tion
5

and get the resulting equation in ferms of x alc;ﬁe.
2x + (3x+ 13) = 17
28 + 3x = 17 = 13

5x = 4
P < -%

One: oy cRbsVLTuLEs B % in the first or second equation

as it may be appropriate from cquation (i)
Yy = 3x+ 13

3"%* 13

y =
y=%+13
y=2§+13
v o= 1%

CKecks From equation (i)

3(%) & 155;- e ;

12 2

2- 155 = -13

33 - 15% = =13
-13 = =13

This method is used for cases in which one of the coefficients

of x and ¥y in one of the two equations is 1e

Hethod of Fliminations

The method of eliminaztion by addition or subtraction is

very effcctive where the cocfficients of x and y are
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than 1.

Consider the equations:
=y = =13 e (1) .
2x+ y = 17 -———- (ii)

Multiply equation (i) by 3 and then add to (ii): Tha# isé

9x =y = =39
2% + = -

Adding: 11x = =22
x = e

Substitute x = =2 in either equation (i) or (ii)
Now in equation (i) 3(=2) =y = =13
<5413 =y
T =y
The values X = =2 and y = 7 give the solution of the two

equationss
Check In equation (ii) 2x 43y = 17
2(=2) + 3(7) = 17
-4 + 21 = 17
17 = 17 .
PUPILS® IN CLASS PRACTISE EXERCISES: 3 i
Solve the equations (i) #x+dy = 4
- &= 3%

(1) 164 4+ v = 14

V =10 = =it



SOLUTION: £
(1) o+ Yy =4 e D
- -3 - = = (i1)

(.iii)

(1) x 6 gives 3x+ 2y = 24
(ii) x 12 gives Y =4x = 2 == (iv)
Multiply (iii) by 3 and (iv) by 2
; x 46y = 2=
“8x + 6y = 4 = (vi)
Subtract (vi) from (v) 17x = 68
x = 4
Substitute for x = 4 in equation (i)
34) + &
2 +3y =
Yy =

v = ‘

N s

x= Ay y = 6 are the solutions to the equationss

Check In equation (ii)

2(6) =3(4) = 3
6 1
2.3 "% ,
18 = 16 1
N - =3
2 1
2 =7
1 1
[ =%
(i) 16t+ 3 = 14 - (1)
¥ - 10 = -4t$ V + 4‘t = 10 (ii)

W16t = 14 -——-- (i)
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Ve dt = 10 = --e- (ii)
(ii) x 3 gives v + 12¢ = 30 (ii1)
Subtract (ii) from (iii)
16t = 12t = 14«30
4 om =16
1 = =4
Substitute ¥ = =4 in equation (i)
V = =4 + 10
V = =4 X;I-4 + 10
V = 16+ 10=26

V = 26
Check In equation (i) 16t + 3v = 14
16 x (=4) + 3(26) = 14
=64 + T8 = 14
14 = 14

t= =4y V = 26 are the solutions of the equations,
MORD=PROBLEIS LEADINC TO SIMULTAIEOUS EQUATIONS
Consider the following statementss

The sum of two numbers is 25 and their difference is 15

¥What are the two numbers ?

SOLUTION:

Let the numbers be x and y

X+y =25 Sum
Xe=y =15 difference

The statements lead to two equations with the unknown mumbers
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as x and y solving the equationss

x+y = 25 (1)

x=y = 15 (i1)
Rdding (i) and (ii) 2x = 40
x = 20

SuBetitute x = 20 in cither ecquations (i) ar (ii)
In equation (i) 20 4y = 25
y =25« 20
¥ =-th
Checkt In equation (ii) x =y = 15
20 -5 = 15
15, a /15
The rmumbers are 20 and 5e

PUPILS's IN=CLASS PRACTISE EXERCISES:

i) 20 spoons and 200 forks cost ¥10§ 6 spoons and 100 forks
cost ®#4e Find the cost of spoon and fork,

ii) A number of two dizits is increased by 54 when the

digits are reverseds The sum of the digit is 12, Find
the rumber,

SOLUTION: -

i) Let the cost of spoon and fork be x and y  Kobo
respectively,

20 spoons and 100 forks would cost 20x + 200y = 1000 = - (i)
6 spoons and 200 forks would cost 20x + 200y = 400 = = (ii)
The equations (i) and (ii) can be solved, they are

simul taneous equations:

20x 200y = 1000 o= = = = (1)
6x 4 100y = 400 x 2
12:+200y = 800 - - ﬁj! bt _
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Add equations (i) and (ii)
2x = 18
Divide through by 23 x = 9
Substitute for x = 9 in equation (ii)
9+y = 12
y = 12«9
y = 3
The digits are 9 and 3 and number is 93
Check: FProm equation (ii) x4y = 12
94+ 3 = 12
2. = 12

The solution x = 9, y = 3/is correcte

PART IV
QUADRATIC FOUATIONS
When the product of two expressions is equal to Zero, then one
or other of those expressions must be Zero., Such quadratic expressions
lead to an equation in one var.abley having 2 as the highest power of
its variable, It has at most 2 solutions. A general quadratic equation
is of the form a.xz +bx + ¢ = O where ay by ¢ are constantse
Quadratic equation can be solved either by factorising the expression

or using a general formul-ag

X = b+ Jbz-'Mc

2a

Consider the following quadratic equationss
i) solve the equation: L= +2 =0
SOLUTIONS x2 - 3x + 2 = 0, the expression
x2 = 3x + 2 can be factoriseds Hence factoriszing:
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Subtract (iii) from (i)
8x + = 200

3x 200

KB - 8

x = 25 Kobo

Substitute x = 25 in equation (ii)

6§ x254 100y = 400

150 + 100y = 400

100y = 250

10_%2 2
100 %

Divide both sides
by 100

Divide by both sides by 8

y = 2.2 Kobo

Check: 1In equation (i) Substitute

245

6 x25 % 100.x 2,5 =
150 + 250 =

400 =

X = S ayy =

The solution of the equation iz =x
Let the digits be x and y.

Since the mumber is made up cf two
be unit and tenth digitss 10x +§y

Digits reveracd 10y + x

400
400

400

= 25 Xoboy y= 245 Koboe

digits then, there would

Hences 10x+y =1y +x+54 === (i)
Sum of the digitss = 12 - (ii)
Ox =% =54
Divide through by 9
X=y = 6 -—————— (1)
X+y = 12 - - (ii)
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’v

x(xe2)wl (x=2) = @

Either x =1 =
x = 1 or

Check:s When x =

When x =

The solution of the e

ii) Solve the quadratic e

0
0O or x=2 = O

2.

1 1= 3(1) +2= 0

T=3+2 = 0
2-2= 0

2 3 22~3(2)+2 = 0

4—6+2 =0

E=6 = 0

quation is\x = 1 or 2

quations 2x2 -Tx+3 = 0

Using the formula x = = o -

Where a = 2| b

e X

&

= -7' ce= 3

- (=7 :\/?—7? -4x2x3

2l x 2

x = Ty =24

4
T = TaVe5
4
e T£5 12 2 . 7
X T,r0r41.c.7

x = Jor Q¢
Check when x = 3 , 2(3)2-7(3)+3 = 8

18 = 21 4 3
21 = 21

= 0
N

menx = B 2@ -T@ e 3 - g
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2z % —% +3 = ‘
% - % +3 = v
% =3+ 3 = O
The solution of the equation is x = 3 or %,
IN=CLASS PUPILS PRACTISE EXERCISES
Solve the equations (i) 2x2 -5x4+2 = 0
(1) %° = =21m 0
(11)° ;__3—1- = 5%
SOLUTIONS
i) 52 5¢x + 2 = 0, Check for factorisation:
2x2 = 4, factors of 4 are =4 .1 to give -5e
Hence: 2x2- bx e x4 2= 0
2x(x = 2) =1 (x=2) = 9
2X =1 =0 or x=2 = 0
X = % or 2
=% 2@%~502) %2 = 0
-i- - g +2 = 0
 &-3 -0
When'x = 2, 2(2)2=52) +2 = o

Check:s When x

8—10+2=O
10 10 = 0

The solution of the equation x =% or 2,
i1) 22

A =3y = 21 = 0 : Check for factorisation:

2 x =21 = = 423 far lecss than =3, cannot be factoriseds

Using the general formulas
Y = =b& £ - Aac

2a
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& = 2, b = -3, Ct -51.1

y = =(=3) % ‘/(-—3)2-4xf.x:-21

2x 2

¥y = 44075 or = 2,575
Checks When x = 44875, 2('4.075)2 = 3 (4.075) = 21 = 0
33620 = 12,15 = 21 = 0
3020 w= 33420 = 0
When 7 = =2.575, 2(~2.575, 2(--2.575)g 3 (=24575) =21 = 0O
136267 = 5 + TeT25 = 29 = 0
21 = 21 = ©
fioncey the solution of the equation iss

oo 44075 or =2,575

o 3 '
iii) Solves: CTE = 5z
3 = 5% (x=1)

3 = 5}:2 - 5%

5x2-5x - 3 = O

X = =b 4 \/-bT- jac

2a
3.85,b=-—5’ C = =3




- =335

x = =(=5) & /(5 =tx5x3
2.2 5

5: /25460 e
10

x = 5% /8
10

X = 5i 9422
E—————
10
X = 14422 or =4s22
10 10

x = 1,422 - 0,422
Check: Vhen x = 14422
5(10422)2 o 5(45422) =3 = @
10,110 4 B = 37 = 8
10,110" = 10,110 27
When x = <0422
5(#e422)? = 5 (-00422) =3 a

L

0,89042 + 2,11 = 3 =9
0,89 + 2411 = 3 -0
30 = 3,0 =0

Fenoey the solution of the equation is
X = 1,422 or «£.422,
END
Pages 336-342 contain the instruction on the .se of calculator with

the module.
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GENERAL INSTRUCTION ON THE USE OF CALCULATOR
ITTH_IN OMAL_MODICE S

Introduction

There are different types of calculators in the market
ranging from scientific, non-programmable to programmable
ones. However, the type used for this instructional module
is shown in the figure below. It has capacity for values

up o B digits or 7 places of decimal, and it is battery

operated. }

S CR E.E N-

ON/C

Bl
I
FIE

pplRIERHIS

b —
-
Y
(=]
L_,
0
-

E

Gla
[l
EIEIF]

#

Model of Modern Electronic Calculator
This type of calculator is capable of performing the

following mathematical operations (the operational keys):

15 Addition (+)

25 Subtraction (-)

3. Multiplication (x)

4, Division (%)

5. Add to the memory (n*) :
6. Subtract from the memory (M)

7 Retrieve and compute memory (R.CM).
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e f*-ar from memory (CE)
g. Square root (V)
10. Compute percentage (%)

11 Decimal point (.)
12. Equality (=)

Other operationai keys are;

ON/C Starts the calculator and clears with zero (0)
appeairing on the screen.

OFF Shut off the calculator and it also has an automatic
shut off which turns the power-off when ihe caicu-
lator is not used for 7 minutes.

Numerals: 0,1 - 9. Finally we have the display screen.

With thi: backg.ound one can proceed to discuss how this
calcula’'ar :a. Le -d to solve mathematical problems on simple,,
simultaneous and quadratic equations. Example 1 of Part II:

Using the calculator s~lve the simple equation:- 22 = x - 6.

SOLUTION
OPERATIONAL KEYS DISPLAY ON SCREEN
Punch ON/C 0.
» 2 twice 225 i
“owt 22.M
LR 2.7
"7 y
"X g
Try x =4 )a 4, 4N
or any ) ¢ M
other va- )" M 28.
lue ) M
x=1,2,3,etc.)" - and 6 6.

L = 22,
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which is equal to 22 the value which we have started with.
Thus, x = 4 is the solution. You amay wish to try other values
x =1, 2, 3, etc. and check if they will be equal to 22.
[Hint: To solve simple equations in fraction forms it is
easier to change the fractions intc whole numbers.]
Example I of Part II1l

Use the calculator to solve the simultaneous equations;
3x -y = =13 )(1)

2% w iy = 17 £31)
The solution of these equations implies obtaining values
of x and y which will satisfy equations (i) and (ii).
SOLUTION: Eliminate one of the values by method of substitution
to reduce it into simple linear equation in just one variable.
Then use the calculate- to solve the linear equation in one
variable. By substitution,
‘ y = 3x + 13 from equation (i)
Pat (1) in (AN 2%+ 3%+ 13 = 47
Sx = 17 = 13
Simple linear equation: 5x = 4

STEP 1 -~ OPERATIONAL KEYS DISPLAY ON SCREEN

Punch ON/C Us

. u 5 5.
Try different , X 5
values cf x 2
x=1, 3%, 4/5 " 1 55
n - 5.

Sereen value not equal to 4

” 5 5.
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xch (") and 5 0.5

¢ = 2.5 : Not equal to 4
" 5 5,

¥ X 5s

" point (.) and 8 0.8

" = 4 : Equal to 4

So x = 0.8 is one of the solution.
STEP 2: Put x = 0.8 in equation (i) y = 3x + 13.
y = 3(0.8) + 13: So as to obtain value of y

OPERATIONAL KEYS DISPLAY DN SCREEN
Punch ON/C 0.

' 3 3

= X e

® point (.) and 8 0.8

s/ = 2.4

" i 2.4

" 91 ard 3 13

o = 15.4

y = 15,4 is a solution
The solution of the simultaneous equations are x = 0.8 and y = 15,
Example of III of Part IV

Solve the guadratic equation
T T

First check if the equation can be factorised. If not, then
apply the general formula. Most importantly, all quadratic
equationg can be solved by the general formula and it is therefore

easier and faster with the calculator to user the formula.
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General formula x =--b: /b? - 4ac
2a

where a, b and c are constants from the general form

of quadratic equation
ax? + bx +c =0

From this example: a =2, b=-7, ¢c =3

Sooxm=(=7) s T-7)2 - A X 2 X 3

2 X 2
Pupils note that
_x-=+
= N X = =1 x%x =7 -+/=7 x -7 - 4 x 2 x 3

2062
SOLUTION: Start the operation with the dquare root valus

from right to left.

OPERATIONAL KEYS DISPLAY ON SCREEN
Punch ON/C 0.
" 7 2
" X 7.
" 7 7.
" v a9,
" m* ag,M
" 4 s
. X \ s
" 2 2 M
" X g."
" 3 3."
. - 24 M
: M 24 1

" R.CH 25.M
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Punch v 5.M

" n* 5,0

Positive i ® & 5 M

solution ) * 7 i M
) .

) - + 5.1

For quadratic equation solution we have =

(the square root values are negative and positive)

OPERATIONAL KEYS DISPLAY DN SCREEN
Punch - and 5 5%
Negative} " - 5, -
solution) " + and 7 7 o
i it 5 M
Final solution
12 2
X=7X—T or m
POSITIVE CALCULATION NEGATIVE CALCULATIOi
OPERATIONS SCREEN OPERATION SCREEN _
Punch 1 and 2 124 Punch 2 25
o T+ and 2 25 "+ and 2 2.
® = 6. sl = 1.
R 2 2 " % and 2 23
i = 3 o= 0.5
o X = AN%e 0.5

Note that negative value sign appears to the rignt of the

number on the screen unlike the way it is wr:tten down on
paper.

Check for values of x = 3 or 0.5 in the equation 2x2 Ry £
+ 3 = 0, ard you determine if values on the right hand side
(R.H.S.) will be equal to zero.

For x = 3, 2(3)2 - 7(3) * 3, is it equal tc zero?



-342-

CPERATIONAL KEYS DISPLAY ON SCREEN

Punch ON/C 0.
" 2 2,
" X 2
" 3 3,
- X 6.
" 3 84
v - 18
y w 18"
" 7 M
J M
: 3 3
. 3 oM
" M 21"
» r oo 3l
" 3 3"

s

w

i R.CHM - 0

Herc the val @€ x = 3 satisfies the equation. You
may use the came stzps for x = 0.5 it should also satisf-
the =quetion.

The few worked examples have been carried out using

the calculatar you will now practise with your teacher some

of the .n-class exercises.
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APPENDIX 8
A.C.E.R. ML TEST

Names: seavssnessssnsss ABB NOW sesecsssncass ClasS8: wesesnanas

This is a test to see how well you can thing. It contains questions
of different kinds. Some examples and practice questions will be given to
show you how to answer the questions.

Example A. Four of the following are alike in some way, write the number
of the other two in thebrackets at the end of the line.

I. tea 2. Cofee 3. Cocoa 5 Pencil 6. Milk (3 & 5)

Question I. Four of the following are alike in some way. Write numbers
of the other two in the bracksts.

1. apple 2. pear 3. potato 4. babana 5. carrot 6. oranges (3 & 4)

Question 2. Four of the following are alike in some way. Write the numbers
of the other two in the brackets.

1. door 2. window 3. coat 4, wall 5. roof 6. book {3 & 6)
EXAMPLE TOWEL IS TO WATER AS BLOTTING PAPER IS TO -

I. school 2. ink 3. writing 4. deak 5. pen (2)
QUESTION 3. Hand is to finger as foot is to

1. leg 2. arm 3. too 4. man 5. ankle (3)

Question 4. Newspaper to tc see as Wireless is to

1. wire 2, hear 3. dial 4. car 5. deaf (2)

EXAMPLE: Which two of the following statements mean most nearly the same?
1. Too many cooks spoils the broosh. y

2. Make hay while the sun shines.

3. A stitch in time saves nine

4, 1It's a long lane that has no turning. (2, 3)

5. Strike whils the iron is hot.

Question 5. Which two of the following statements mean most nearly the same?

1. A careles: master makes a negligent servant.

2. To resist him that is set in authority is evil.

3. Little is done when many command.

4. When the cat is away the nice play.

5. Where there are seven shephards there is no flock. (3,5).
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Question 6. Our gdog bit the postman yesterday? Which of the following
statement are together

1. Our dog is the only German shepard dog in the street.

2. The postman was late yesterday

3. The postmen is in bed because a German shepard dog bit him yesterday
in our street

4, Dogs seem to dislike postmen.

5. The postmen had sore leg last week ()

You will have 30 minutes to do the test. Some questions are earier than ot
others. Try each question as you come to it, but if you find any question
is too hard, leave it out and come back to it later if you have time.

Do not spend too much time on any one question.

Try to get as meny right as possible.

1. Of the following are alike in some way. Write the number of the other
two in the breckets.

1. table 2., chair 3. man 4. bed 5. cupboard 6. towel ( )

2. FILTHY is to DISEASE as CLEAN is to:

1. dirty 2. safety 3. water 4. illness 5. health.

3. Four of the following are alike in some way. Write the numbers of the
other two in the brackets.

1. tube 2. artery 3. tunnel 4. string 5. pipe 6., wire ( )
4, INCH is to SPACE as SECOND is to:
1« hour 2. age 3. time 4., clock 5. time ()

5. Four of the following are alike in some way. Write the number of the
other two in the. brackets.

1. lagoon 2. pcol 3. swarp 4. lake 5. march 6. pond ( )
6. PIN is to HEAD as NEEDLE is te:
1. prick 2. sew 3. eye 4. point 5. threa ( )

7  Four of the following are alike in some way. Write the number of the
other two in the brackets. '

1. onlocker 2. spectator 3. critic 4. eye-witness 5. author
6. bystander ( )

8. HEAT Is to ASHES as CARPENTRY is to:
1. carpenter 2. sawdust 3. chest 4. fumiture 5. wood ( )

9. Four of tne following are alike in some way. Write the numbers of
the other two in the brackets.

1. sponge 2. weter 3. map 4. towel 5. blotting paper 6. dirt,



I0 Which two of the following statements moan most nearly tho samc?
Time is a heap that curgg all diseasecs.

Anticipation is better thon realization.

To-day is-wogth.two to-morrow.

To speed to-doy is %obe cset back to-morrow.

There is no time like the present - ( )

TELEPHCHE IS 70 VOICE as LET.FR is to-

0 T S 7 ] |5 1S

I stemp 2 post office 3 writing 4 correspondent 5 onvelope )
12 Vaich two statements prove that '' JOHY IS A GOOD SWIMMER''?

I Bob goes to the baths every dzy.

2 John and Bob are friends

3 John beat Bob in a race last week

4 John hrs challenged Bob to & race. s

I3 HMANTERS are to POLITE AS HORLLS are to-

I politics 2 politonoss 3 wealthy 4 virtous 5 strong ( )

I/4 Which two statements prove that 'Mi IVH OWWS SOME TAMWORTHS'?
T fTomworths arc better pigs than Darshires.

2 One-cight of the pigs in that pen zre Tamworths.

3 Host of the pigs in that ypen are Bersiires.
4‘}11 the pigs in éhat pen belong to Hr. Suith.

5 Host of the farmers in the district owm Pnaworths. ( )

I5 In thu following are dislikc in some %y, ¥Writc the numbers of the othexr
two in the brickets.

I spire 2 church <3 .flagpole 4 atesplc 5 tower 6 hall ( )

I6 OCr.4 is +o LLK® as COPTINEI is to-

T rivoer 2 land 3 méuntzin 4 iclond 5 Burope ( I)
I7 Which two of the following statcusnts mecn most nearly the same?
Fire that's clossest kopt burns fiorcest,

Set a thief to catch a “hief.

A dog with a bone know wmo friend.

Tight fire with fire,

v o W H

Soew the wind, re=p the whirwind,

I8 Three doys in the week have the scne number of letters. In the bracket

write the first letter of ile doy which begins with the letter which, of the

dlamnn . mSamne Pirmeatr T9vm e T wha e d
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IS 'ONLY PREFRCTS WEAR A BADGE® ALL PRUFECTS ARE IN TORM VI,

Therefore, which mns of the following statemenis is true? TWrite its number in
the bruckets.

I All Form VI boys may-wear a badge.

2 . A boy wearing o badge in Form VI,

3 All Ist X boys may wear badges.

4 V form Prefects do not wear Dbadges. ( )

20 Tour of the following are alike in some way. Write the numbers of the other
two in the brackets.

I Blapme 2 accuse 5 indict 4 loathe 5 censure 6 ape ( )

2I ‘Which two of the following statemenis mean most noorly the same?

I He who follows two hares will cctech neither.

2 To blow and swallow at the same ivime is not casy,

3 He holds nothing fast who grasps at too much,

4 Dcspise the man who cun blow ot and cold with the sane breath,

5 It is casy to despise what you carnot obtain ( )

22 FIW is to MANY as OCCASICHALLY it to=

I seldon 2 never 3 every 4 oftea 5 alwoys. ( )

23 Four of the following cre alike in some wiy. Write the numbers bf the other
twe in the brockets.

I corrugated Z involved 3 complicated 4 intricate 5 conxs { )

: )
24 Yhich two of the fellewing statements together prove thot-'MR D DOBS NOT L

‘I MG STREET?

I All the buildings in Hume Street ore modern,
2 411 the buildings in Hume Street zre flats.
3 IMr. Reed lives in comfort

4. Yr, Reed does not live in a flat.

N

Kr. Reed lives five miles from town. ( )

25 If these words were reara :god cofrectly to form o sentense, with what letter
would the middle word beginf?

M26 QATE is to FENCE os PORT is to-

M land 2 Coast 3 town 4 sea 5 destination ( )

GO STRAICHT OF WITE TUE IEXT PAGE
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27 Which two of tnc folloing stutemonts mean most nearly the samo?
I I4'e peity cxpenses that empty the purse,
2 Small goins bring riches in.
3 Wyven the weak are strong when united.
4 GConstant dripping wears away the stone.
5 4L chain is as strong as its weakest link,
28 Tour of the following are &like in some way. Write the numbers of the
other two in the brackets.
I ruler 2 heat 3 clock 4 thermometer 5 raingusge 6 yard ( )
29 VWhich two of the following statements mean most nearly the same”
T Repentoncc is poor consolation.
2 wore haste less speed,
3 Quick decisions ofien breed regret,
4 He'll have a bucket of tears ror a cup of joy.
5 IHarry in haste, repent in Leisure, ( )
30 DRAMATIST is to PLAY as COMPOSSR is to-
I occhestrn 2 piano 3 symphoxy. 4 performance 5 concert )
3T Vhich )f the following stoichents together prove that 'TODAY IS COLDER

l‘ : -.'.:'L?I YB :J'ri} J‘LY?

-

I DIvery Friday this nonth vws a ocold day.

2 To-morrow is the first day of the month,

3 Last Thursdzy{was'a not Gay,

4 The last duy 97 ecach month this year has becn the coldest day in the rionth
5 Suamer is nearly over.

I fugitive 2 enemy 3 cvacuee 4 eoscapee 5 priscaer 6 trmant ()

33 Vhieh two of the following stotements mean most nearly the same?

I A greot fortune is a great slavery

¢ Betier beans and bacon in freedom tnan cakes and ale in Londage.
3 Put & chain round the n.ck of 2 slave and the end fastens round Jyour own
4 Leaon liberty is better ¢i:n fat slavery.

-
‘. Stone walls do not a prison make,
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34 In certzin snde the Bnglish word BOARD is written CODVI. What wenld
the Iinglish word PAY %a in this code?

35 Which two of the following statements mean most nesrly tne same?

I TIorwarned is forcarmned.

)

The loss which is unknown is we lose at all

(E¥)

Mo mom is happy that does not think so.
- -

Uncasy lies the head thot wears & crown,

Ul e

Whero ignoronce is bliss, 'tis folly to be wise. O~)
36 B'TTLE is to DUEL as CHORUS IS to-
I twins 2 duete3 selcction 4 music 5 Song. (. \Y

LOOK B.CK OVER YCUR WORK. -
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APPENDIX 8
A.C.E.R. M) TEST

NamB: cacssscescdossnscssasassassasssbasescse AEB NOWS cescssssscsssnsses
Dateof Tests .etivusunesssasanenneansnnsnnan DLLCHOBVYE oo aeieenns vaiennnst

SONDDL: sechnsssssvsnsntsnsanssssonnsssssosanmbiBBOl opannraenelineesteneesaus

i i A

This is a test to see how well you can think. It contains questions of
different kinds, Some examples and practice question will be given to
show you how to answer the questions.

EXAMPLE: (a) Find out how the following numbers go
" Write the missing numbers in the brackets:

2:5P8R% 5 17% " 237 G e (11 & 20)

Question 1: Find out how the fallowing numbers. Write
the missing numbers in the brackets.

4: 785 B 5 ¥ 7250 G\ (8&9)

Question 2: Find out how the following numbers go.
Write the missing numbers in the brackets.

el S A B A IS ) e e (9 & 13)

Question 3.: Find out how the following numbers go.
Write the missing numbers in the brackets
26 23 20 44 14 - * 8 % .. .o (11 & 5)

EXAMPLE (b) Find the number which should be in the square
with the question mark and write it in the brackets

3 5 7

6 8 10 . (13)

9 11 ?

Question 4: In this table two numbers are missing. find the
number which should be in the square with the question
mark and write it in the brackets.

5 9

. 13 L3 ( 18)
1n |1 ?
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Question 5.1 Find the number which should be in the q
square with the question mark, and write it in

the brackets.

1 3t B
L . ; e LR
5 1 ?

Question 6. WinA the number which. should be in.the souare
with the question mark, and write it in the orackets.

You wilk have 20 minutes to do the test.
than others.

N A N 3
A
9 s *

(19)

(7)

Some quertions are easier
Try each question as you come to it, but if you find

any question is too haid, leave it out and come back to it later if
you have time.

START

Do not spend too much time on any one question.

Try to get as many right as pbssible.

1.

2.

3

L,

Sc

Find out how the fellowing numbeis go. Write the missing

numbers in the brackets:
1. B =1 = 2021y 25 :4.29 es oo e

What change should I got from a ¥ rote if I buy
two theatre tickets @ 25k egchy ¥ os. ww e

Find the number which should be in the square with the
question mark, and write it in the brackets,

2 1 5
'7 6 16 LR . ae
21 7 118

Find ocut how the folluowing numbers go., Write the
missing numbers in the brackets.

19 9 18 6 o 7 16 3 oo oo e

Oliver is three times as old as his sister P t. Their
father who is 35, is seven times as old as Pat. How old
Oliver ?

(9 &17)

(50K)

(11)

(17 & 6)
is
(15 yrs.)
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8.

9e

104

11

12¢

13

14e
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Find the number which should be in the square with the question
and write it in lhe bracketss

6 10 17
3 o 19 oe de (23)
12 16 3

Find out how the following numbers go. Write the missing
namber in the bracketss :

512 256 128 64 = 16 = 4 o .o (32 & 8)

Which of the followirg prices for oranges is the cheapest?
(1; 5k eachy (2) 10 for 45k3 (3) 5 for 24ky (4) 4 for 18k
(5 3 for 12k o .e . (3 for 121()

Find the number vshich should be in the square with the
question and write it in the brackets.

-

> 16
96 24
Find out how the following numbers go. Write the missing
numbers in the bracketss

8T T8 76 67 65 %6 54 = e oo (65 & 45)
The total cost of ten books bound in leather is 820,006

Bach book in an ordinary edition costs one Naira. How
much extra d> I pay on each book for the leather binding? ( ¥10,00)

o LA (6)

-\'h(-\Nﬂ

Find the number which should be in the square with the

question mark, and write it in the bracketss .o
p 7 B ‘
LEJ .e 2
A T ) (72)
18 2

John and “lary are twine whose ages together are half their
mother's  Their father, who is three years' older than
their r “er, is 51s How old is John ? oo v (12)

Find the number which should be in the square with the
question mark, and write it in the bracketes

1 9
— “2'% 10 . (13)
5 i 2




75

164

« MM

18,

19

20,

21e

22,

23,

“la

25

s 35720 =

It took me four times as long to climb a mountain 6000m high
as it took me to come downe I decended 3000m in an hour. How
many hours did it take to climb up % oo . (8)

Find the mumber which should be i1 the square with the
question mark, and write i% in the brackets.

£ 1 ﬁ?* oo o> (16)
g 144

what are two numbers whose sum is 16, such that the 3
first divided by the second gives three ? +s s ae (44 12)

Find out how the following mumbers go. Write the
missing numbers in the brackets :
0 -~ 35 ¢ 8 = 11 os oo o 25 9)

Find the mumber which should be in the square with
the question mark and write in the brackets.

% 'I" o o ( 3 )\‘
1

|
NS

Find out how the following numbers go. Write the
missing mumbers in the trackets:

£ 8 T (=13 26 = 5 S v o es (44 & 25)

If nine framed pictures cost H27,00, and each picture
unframed only costs onowthird as much, how many
unframed pictures could I tuyy for the same money ? oe (27)

Find the mumber which should be in the square with the
question mark, and write it ix the bracketse

4 6 :
© 12
16 P

Pind ovt how the following numbers go. Write the missing
number in the brackets.

1 3 o~ = 81 243 T29 oe oo .o (9&27)

" T bought an equal mumber of 5k magnazined and 2k

exercise books, which cost me 45k altogethers How many
of each did I buy? Gl o1 (6)

Find out how the following mumbers go. Write the missing
number in the bracketse

41 35 30 26 - 21 20 L LX) e ( 23 I-




26,

274

28,

29,

30,

3.

32,

33,

34a

35

A vegetable farmer finds that by selling his carrots

at 40k per kilogram, he rakes exactly the same profit as

by selling at 30k per br ch, what is the average weight v
of each bunch of his carrots ? . % © oo { % xga)

A furniturc dealer bought 12 chairs at ¥48.00, In selling

them, he received as much for two chairs as he haa paid for

threc chairse What was the selling price for the twelve . g
chairs ? e oe ce o ('{2000)

Find the mumber which should be in the square with the
question mark, and write its mumber in the bracketse

gr—

4
N i g .
S 3 7
I can buy 54kge of potatoes for ¥3.30k, How much do I
pay for dé-kg. ? e oo oo ("20701
Tn a class of 46 pupils, there are 8 more boys than
girls. Fow many bays are there 7 .o .o (27 voys)

Find the mumber which should be in the square with the
question mark, and write it in the bracketse

g i 8 Ve (16)
18 2 ?
27 . 24

Three new books cost 45ky 90k and ¥1,C5 respectivelys If
I buy ther secondwhand, I only pay two thirds of the new
price, How much monegy do I save 7 oo .o (8eKx)

A piece of wood 35cm long is to be cut in three parts,
each successive part being twice as long as the previous
part, What ie the length of the longest 7 ee e (20cm)

A Kitter is 3 days old and a puppy is 11 days olde In how
many days will the puppy be twice as old as kitten ? ( 5 days)

A drixy, serves a mixture of two parts cream and three parts milk,
How mary litres of cream will it take to make 15 litres
of the nixture ? oo oo s e (6 1itres)

Find oui.how the following rumbers go. Write the missing
numbers in the brackets,

87 74 63 54 41 = 39 = . . (42, 38)
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ARPPENDIX 10
Attitude questiennzire to be completéd Lty pupils

ih gecondery tchools on the use
” of slectroric calculator

-

Please, complete this section:

Name Of SChOOlisesssscessscssscssesscsasessssnecicsacossssnsasscnsssss
Address of SChOOlisessscsssescosnscnsncecseccsersvacssoncassscnonscaans
Nalo/Pemal ofsuevisasvsses covsonanss ATOTanseseessnnsviopdpionss coniip
ClaSSsesscsssasssnssccsvscsnssassssssnoncsseesssssssscainsasensassscsse

This is not an examination., Please, give your honest opinion on ééch
items You should only thick (w#) under she most appropriate response
according to the formate

SA - 5 Strongly Agree
A - % Agree
U e 3 o Opinion (Undecided)
D - 2 Disagree e
SD - 1 Strongly Disagree.
Az ATTITUDES TOWARD MATHYMATICS e W Y B
S| A[U D

1e Mathematics is one of the subjeots I

have always enjoyed studying

2e I approach mathematice class with a feeling
of hesitation resuliing from fear of not

being able *o do mathematics. 8

3e I like mathematios, and I am happier in a
mathematics class than in any other class,

4o Mathematics is very interesting to me becausé
I enjoy working with numberse

Se Mathematic s makes ne feel secure, and at the
same tim .t is stimulating.

6e When I hear the word "Mathematics'!, I have
feeling of dislike.
Te My mind goes blark, and I am unable to think
clearly or rememter anything when doing
P SRk L 5 S | - |
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G (. =1
T 1 0
Be I feel a sonse of insecurity whem attempting
Mathematical problems.
%e I feel at ease with Mathematics and I like it
very much.

10, Mathematics makes me feel uncomfortable,
restless, irritable, and impatienta

$1a I am poor in formulae and they scale me
whenever I do Mathematicse

124 I always react nositively to Mathematics
because it is enigyables

B. ATTITUDES TOWARD THE USE OF FELECTRONIC
CALCULATORS IN MATHEMATICS
1e Calculator increases one's computational

skill in mathemat.cs, schools should

encourage it's use,

2 I thirk four figure table is more useful in
the classroom and in e.caminaticas, calcus
lator will not be necessarya

3s Calculators will make one lazy, it should not
be used in Mathematicse
bo I will like to see people use more of
- galculator 3, 3
Se Sametimes I feel that the calsulators are g
desirable and sometimes I doubis it.
6 The caloulator is one of the few things I
enjoy using in Mathematicss
Te Pupils who use calculators in the classroom

and in examinations should be puaished,

Be Many pup .ls lack the ability to do simple

calcul. ‘.ons, so calculetors can be usefui,

Ve The use of caloulators by pupils in schools
should be decided by teachcrs alonea

10, Pupils should be permitted to use calculators

only in tl2ir final examinatiogg.




124

136

Therc would be wary littlc progress in

Mathematics without the calculators

.

[

25
-

The computational advantage of the calculator
is bound to weaken the mensal ability of those
who use ite

As of now calculators are completely bad for
school pupilse

Calculator will help me in solving Mathematics
probl ems.
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APPENDIX 11

Internal consistency reliability coefficient

of the attitude measure
No. | X (0dd) | Y (Even) § X2 | Y2 | XY
1. 105 E 101 11025 {10201 ‘10605
2. 101 % g9 10201 | 9801 | 9999
3 96 ; 95 9216 I 9025 l 89120
4, 94 | 92 8836 | B464 | B648
5. 89 i 88 7921 | 7744 | 7832
6. a8 i 86 7921 | 7396 l 7568
T 85 | 84 7225 | 7056 | 7140
8. 84 I 83 7056 | 6889 | 6972
9. 81 79 6561 | 6241 | 6399
10. 78 | 77 6084 i 5929 | 6006
1 77 77 5929 5 5929 ' 5929
12. 77, " 77 5929 i 5029 ! 5929
13. 76 | 76 5776 | 5776 | 5776
14, 76 ; 76 5776 ; 5776 { 5776
15. S | 71 5184 i 5041 | 5112
16. 59 | 69 4761 | 4761 | 4761
125 69 i 68 | 4781 l 4761 | 4692
18. 6 ; 57 E 4096 | 4761 | 4692
19. g7 sz, 3249 | 2704 ! 2964
20. a5 | 44 2025 f 1936 E 1980

X V)=
Nfle}=
XY -

NFx2=

NSY2-
(s x)2-
(Sy)2-

126779

2535580
2453650
2587100
2487100
2505889
2302500
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Computing: = N(S XY) - (EX) (EY)
Yy e~ B T T
Lﬂmx)-(:X)(mv)-(ina -

_ 81900
~B83862.219

= 0.98

Y = 0.98 (reliability coefficient of odd and Even)
(Split half reliability) -

Using Spearman-Brown formula, R = N(r)/(1 + (N-1)r)
R is the reliability co-efficient
R = Nr/1+(N-1)r) = 19.6/19.62
= 0,99
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APPENDIX 12

Correlation between 27% Upper Score and 27% Lower
Score on Attitude Scale (MAS And CAS)

27% Upper Score 27% Lower Score D D2
S/R X Rank of Y Rank of X-Y  (x-v)?
X Y
1 105 10 69 3 1.0 1
2 101 8.5 69 g -0.5 0.25
3 101 8.5 69 9 -0.5 0.25
4 99 7 7 7 0 0
5 98 6 6 6 0 0
6 95 5 4.5 4.5 0.5 0.25
7 94 4 4.5 4.5 0.5 0.25
8 92 3 3 3 0 0
8a 2 2 2 0 0
10 88 1 1 1 01 0

Using Spearman - Rank Order Correlation Coefficient

\V _ .62 4
QM =y 2P e 3 -
3 > B3 _
g agtasy L 2
Ao
T30

0.98.
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Si~nificant me.,1 diffurence in mathematics
attituce cecors (14.8) and ceiculat ¥ atidcuce
X ecore (0i8) “or £7% upn.r scors

e SEX MAS CAS
TS/N IN YEARS  W/F T : .
1. 52 A 53 2808 . 52 2704
2. 18 n a9 2401 52 2704
3. 17 " a4 1836 57 3249
a. 15 F a5 2025 54 2916
5. 16 F 34 1156 62 3844
6 14 F 43 1849 52 2704
5. 17 M ag 2401 a5 2025
8. 15 F 51 2601 41 1681
9. 16 F 51 2601 38 1441
10. 17 ik 676 36 1246
Mean Age = 16.2 yrs. X = X/N = **5,90 N = 10
¥-own = 33 =400
gl - 1 NEX? _ 20455 - 19802.5 , 755
: N:T—Z N g g
oy " XYy - n_ﬂvz . 24564 239721 55 g
t-ratio X% -X = 48.9 - 44.5 = 4.4
%"24 S TT5 v ILA3 /%493
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APPENDIX

14

Siphificant mean Difference in Mathematics attitude
Score {MAS) and Calculator Attitude Score (CAS) for
. 27% Lower Score

AGE SEX MAS CAS
S/N IN YEARS M/F X X2 4 y?
1 16 M a1 1681 28 784
2 16 F 43 1849 - 26 676
3 16 F 47 2208 22 484
4 18 M 21 4441 47 2009
5 16 F 31 961 33 1089
3 17 i 35 1225 22 484
7 15 g 33 1521 18 324
8 19 M 28 784 24 576
) 17 M 21 441 24 576
10 15 M 21 441 23 528
Mean Age = 16.6 years < Ne ™ 10, N, = 10
807, % 30,75 :
o EN/N /10
=X =30.7, Y = 26.7
AN Exz _ NER® _ 11553 _ 9428.8 _ oac
%% © F-T ~ N-1 i 3 g - 233
s _ IY: _ MEY? _ 7731 _ 74%28.9 _ 602.1
oy TWA TR TS T g et
t - ratio = X = ¥ _ = 30.7 - 28.7
T ot g2 / 236.5+66.9
“ﬁ; ] L
o ' 10
4 5 L3 .
t-ratio = - =  0.73 at a = 0.05
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APPENDIX 15

Irternal rcliability co-.fficient of mathematics
pre-tust scores _

-

o AGE SEX T
= 14 F 5
.
24 14 M 11
o 18 : M e
4. 18" M 12
G M9 18 M 14
6. 16 gk 3
”. . 16 F 7
8. 14 F 6
9. 17 M g
10. 13 F 10
114 15 M e
"3. 17 F 4

No. of test-items = 415

RANGE Bred S CI

MEAN: X = 8.00

ST/ .JARD DEVIATION, SD: 3.35
RELIABILITY COEFFICIENCE, r = 0.67

Female = 6, Male = B6.
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APPENDIX 16
i Questionnaire directed tc teachers of
el mathematics in the secondary school.

PLEASE COMPLETE:

Name of School

The School was established in 19

Your Sex: Your Age in Years

Your qualifications to date: _ =

Your yzars of experience in the teaching oi mathematics:

Classess taught mathematics to date:
Class No. of Years

v
IV
III LY
I8 II

One would appreciate your responses to the following items

please complete the correct response where applicable:

1. If you teach mathematics in forms IV or/and V; do you
always caver the mathematics syllabus fully or partially

in pre .ring your schemes of work? underline partially

or fully.
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2. Which of the following types of equaticns have you taught
in your class? Eqdations Class

(i) Simnle

(ii) Simultaneous
(iii) Quadratic
3. List the types of instruments used by you or your students

in facilitating quick and reliable numerical calculations.

1. 4.
2. 5.
3. 6.

4, 1If you teach in forms IV or/and V you would assess your
student’'s performance in mathematics as (i) above average,
(ii) average and (iii) below average:

Class arm Assessment

€. You would censider the electronic calculator as (i) very
(i) effective

(ii) effective

(iii) not effective

teaching learning aid.
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6. If you consider the electronic calculator as an effective
teaching - lsarning aid; indicate in which class or
classes it can be used.

* Face and content validity of the questionnaire were
carried ou by the author and some lecturers in the Teacher

Education I'epartment, University of Ibadan.
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Data frowm gl Study

GROUP A
VARIABLES
NOS. SEX  yAR 01 VAR 02 VAR 03 VAR 04 VAR 05 VAL 06 VAL 07
MAT  PEA  PET POA POT  MAS  CAS
IR 42 79 9 78 24/~ 49 29
T 37 64 10 88 % 47 41
3, M 52 72 12 106 32 53 53
4. M 33 77 11 103 13 49 54
e 37 74 g 115 18 S5 60
6. B 38 105 8 a9 12 49 50
7. M 44 74 14 78 24 58 19
VRS 37 87 6 90 20 46 44
3. M 3g 33 14 107 28 54 53
0. M 49 78 4 109 24 50 59
1. M 39 80 9 79 19 56 23
12. F 39 60 13 77 20 " 43 34
13. F 37 60 5 77 ¥ 27 50
14. F 45 33 13 54 e O 3

Male (7) Female (7)



VAR
VAR
VAR
VAR
VAR
VAR
VAR

01:
02:
03:
04:
05:
06:
07:

MAT
PEA
PET
POA
POT
MAS
CAS
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Mental ability TEst Scores (72)
Pre-Attitude questionnaire scores (130)
Pre-<test scores 15)

Post-Attitude questionnaire scores (130)
Post-test scores (30)

Mathematics Attitude scores (60)
Calculator Attitude Scores (70)
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GROUP B

NOS.™ " SEX MAT PEA PET POA POT  MAS CAS
o M 34 78 10 86 19 54 32
2. Fi 36 74 7 87 16 54 33
3. M 34 75 10 113 17 56 57
4, P 30 56 8 74 15 4R 26
5. M 35 78 5 74 12 41 33
5. F 36 63 5 83 19 56 27
& F 30 104 g 103 20 43 54
8. M 35 89 5 111 17 50 61
g, g 30 85 9 77 22 50 27
10. F 36 77 6 72 19 54 18
11 v 37 87 12 98 15 51 47
12, r 35 83 7 89 18 41 48
13. M 31 87 5 81 16 38 43
14, M 36 78 11 123 17 57 66

MALE (7)

FEMALE (7)
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GROUP €

Nos. SEX MAT PEA PET POA POT MAS CAS

1 M 26 /9 2 83 11 45 38
2. F 27 80 9 103 11 38 65
3. M 2 78 11 93 17 57 36
4, F 26 75 6 84 11 45 39
5 M Z7 68 & 84 43 % §3
6. M 28 & 11 80 16 48 32
7 F 27 27 5) 72 12 35 37
8 M 28 90 6 74 14 37 I
g F 29 67 5 73 12 38 35
10. 5 2% 72 9 100 14 55 45
1. F 28 82 o 88 20 44 45
12. M 27 86 7 77 12 49 28
13, M 20 77 5 59 16 30 29
14. 7 28 78 4 /8 19 ‘42 36

MALE (7) FEMALE (7)
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GROUP D
NOS. SEX MAT  PEA  PET  POA POT MAS  CAS
o AP 47 72 11 81 18 47 34
2 0 44 88 12 85 16 (51 34
3 F 46 79 13 91 oKX~ 83 38
4 M 42 58 13 86 g .49 37
5. FF 59 69 15 88 20 46 40
By~ Al 54 54 12 78 16 44 34
7 P 50 74 11 78 29 - s4 27
8 F 50 84 14 83 17 50 33
ge O F 45 63 12 78 139 53 25
10 F 48 E6 3 33 11 47 45
11 M 45 85 10 82 17 51 31
12. M 50 71 13 71 17 51 20
13, M 50 73 12 77 14 53 24
14, M 46 76 12 69 12 49 20

MALE (7) FEMALE (7)
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GROUP E

NOS. SEX MAT PEA PET POA POT MAS CAS

1 F 47 72 11 81 18 47 34
2: M 44 88 12 85 16 51 34
33 F 46 79 13 91 17 53 38
4 M 43 58 13 86 g 49 37
5. F 58 69 15 86 20 46 40
5. M 54 64 12 78 16 44 34
7y F 50 74 11 78 21 51 27
8. F 50 84 14 83 17 50 33
g. F 45 63 12 78 19 53 25
10. F 48 85 g 92 11 47 45
11. M 45 85 10 82 17 51 31
12, M 50 71 13 71 17 51 20
13. M 50 73 12 77 14 53 24
14, M 46 76 12 69 12 49 20

MALE (7) FEMALE (7)
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GROUP F

NOS. SEX MAT PEA PET POA POT MAS CAS

1. M 30 99 10 71 12 57 14
2 M 32 88 6 90 13 56 34
3. M 30 82 i 83 17 52 31
4. M 29 81 8 80 5 54 26
9 M 32 80 7 82 8 56 26
6. M 32 142 10 119 10 57 62
/s F 28 79 7 84 12 52 32
8. F 31 72 6 58 8 32 26
9. E 30 66 7 68 10 46 22
10. F 30 97 5 F i 11 55 20
11. F 26 89 6 82 6 36 46
12. M 2% 95 6 82 9 44 38
13, 3 25 81 2 77 10 48 29
14. F 32 105 2 86 6 48 38

MALE (7) FEMALE (7)
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GROUP G

NOS. SEX MAT PEA PET POA POT MAS CAS

1 M 44 3e 9 97 g 52 45
21 M 52 30 7 97 9 59 46
3. M 48 88 B 72 ¢ 54 21
4. M 45 72 5 80 14 48 32
5. M 51 78 9 79 12 50 29
6. M 49 99 5 35 g 49 46
7. M 43 61 s 77 7 32 45
8 F 43 102 14 96 12 51 45
9. F a1 95 14 89 9 55 34
10. F 41 95 45 77 12 4 36
4 F 51 83 14 100 14 53 47
12, F 47 04 15 107 25 47 80
13, F 45 79 13 81 20 52 29
14, F 52 83 15 79 17 53 26

MALE (7) FEMALE (7)
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GROUP H

NOS. SEX MAT PEA PET POA POT MAS CAS

i
1. M 39 114 11 105 19 aa 50
2. M 37 84 11 80 12 47 33
3. M 40 98 13 91 8 48 43
4. M 40 63 8 79 14 43 36
9, M 37 88 4 83 12 45 36
6. M 35 85 8 82 16 42 40
F i 40 84 7 74 10 45 25
8. F 39 73 4 78 18 42 36
9. F 37 187 "3 143 14 52 61
10. Z 36 73 9 y fe s 11 48 24
11. i 40 78 12 80 14 47 33
12, F 38 Bz 7 78 11 45 33
13. = 40 82 12 80 14 49 31
14. 3 34 84 9 41 12 A7 44

MALE (7) FEMALE (7}



- Py -

GROUP I

NOS. SEX MAT PEA PET POA POT MAS CAS

1. M 33 78 13 82 19 50 32
2, M 33 92 2 76 8 31 45
3 M 30 S0 3 65 7 30 30
4. M 33 78 4 82 8 48 34
5. M 286 74 5 77 8 486 29
6. M 27 94 13 75 15 5% 24
7 M 25 77 12 74 14 54 20
6. F 27 64 o 50 5 20 30
9. F 33 94 g 65 g 47 18
10. F 33 87 5 104 B 46 58
1 F 31 72 6 78 7 36 42
12, F 33 83 B 73 12 29 ~0
13. F 28 104 9 105 5) 47 58
14. F 25 69 11 81 14 47 32

MALE (7) FEMALE (7)
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APPENDIX 18

Data from the Pi.ot Study

NOS. SEX VARIABLES
VAR 01 VAR 02 VAR 03 VAR 04 VAR 05
MAT ATS ACT MAS CAS
1. M 400 89 7 52 37
2 F: 38 101 8 3 52
. E 37 74 10 38 36
4. M 43 76 3 47 29
5. F 34 79 7 45 34
6. M 43 67 16 43 18
Zw M 44 60 9 31 29
a. M 4 66 14 38 27
2 F 33 73 12 44 29
10. F a3 76 11 a8 " 83
MALE (5) FEMALE (5)
VAR 01 : MAT Mental ability scores (72)
VAR 02 : A™ fttitude questionnaire scores (130)
VAR 03 : ACT Post-achievement Scores (30)
VAR 04 : MAS Mathematics Attitude Scores (60)
VAR 05 : CAS Calculator Attitude Scores (70)
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GROUP B
NOS. SEX MAT ATS ACT MAS CAS
1 M 29 86 g 38 48
Ze F 30 69 10 41 28
< S M 30 57 7 35 22
4. F 29 87 5 47 40
5% F 29 86 32 35 51
6. M 28 101 9 44 57
T F 208 S0 5 44 46
e F 26 81 8 44 37
9% M 26 69 6 43 26
10. M 27 9& 7 43 52
MALE (5) FEMALE (5)
SRUP_C
NOS. SEX MAT ATC ACT MAS CAS
1 F 23 52 4 28 24
2y M 22 84 4 43 41
3 M 22 97 6 48 ‘ 49
4, E 18 92 9 51 41
5% i 29 77 5 41 36
6. M 22 38 7 50 48
75 F 1 93 5 45 54
8. F 16 78 ] 58 20
g5 F 23 54 4 31 33
10. M 21 77 3 36 41

MACE (5) FEMALE (5)
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GROUP
NOS. SEX  MAT ATS ACT  MAS CAS
1. M 35 76 g 39 37
2. M 36 88 11 28 60
8 M 36 94 14 49 45
4, M 27 77 13 41 36
5. 1 47 63 8 30 33
6. 3 32 73 6 4t 30
7. 2 34 58 14 36 22
8. F 32 31 10 44 37
g. F 32 89 7 51 38
10. F 44 95 6 34 62
MALE (5) FEMALE (5)
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GROUP _E

NOS. SEX MAT ATS ACT MAS CAS
1 M 28 76 10 46 30
2 F 25 3 9 35 38
. M 28 72 11 20 92
4. F 27 88 7 47 41
S. F 28 68 8 43 25
5. M 29 79 9 48 31
7. F 2, 58 10 34 24
8. M 30 73 12 52 21
9, F 23 75 12 52 23

MALE (5) FEMALE (5)
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GROUP  F

NOS. SEX MAT ATS ACT MAS CAS
M 20 88 9 26 62

o F 23 105 S 58 52

i 1R F 23 85 2 45 40

4, M 22 73 7 45 28

9 F %9 76 8 56 20

6. 3 20 76 10 39 37

2 r 19 69 7 47 22

8. M 20 57 5} 39 18

9. M 21 78 5 52 26

10. M 18 83 4 50 33

MALE (5) FEMALE (5)
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GROUP G
NOS., SEX MAT ATS ACT MAS CAS
1. M 46 77 6 58 19
2. F 35 84 8 46 38
3. M 36 62 7 52 30
4. F 33 88 13 54 34
&% M 32 79 6 50 23
6. F 48 72 1 -1 31
7. F 45 71 4 40 3
8. M 33 686 13 21 47
8. M 33 ES 19 38 30
10. F 33 77 16 43 34
MALE(5) FEMALE (5)
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GROUP _H
NOS. SEX  MAT ATS ACT  MAS CAS
I M 27 45 11 21 24
2, M 29 92 5 55 37
3. F 27 81 8 54 37
4. F 26 76 10 49 27
5, F 28 84 6 44 36
6. F 26 80 4 aq 43
7. M 27 92 4 43 43
B M 28 85 14 48 37
9. F 29 44 12 21 23
10. M 30 47 3 32 15
MALE (5) FEMALZ (5)
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GROUP I
NOS.  SEX  MAT ATS ACT  MAS CAS
1. M 21 82 5 48 34
2 M 13 58 7 38 30
3. = 20 75 7 50 25
4. F 20 39 5 39 60
5, M 22 78 3 36 4z
5. F 21 79 4 50 29
Fie F 219 65 g 47 18
8. M 22 90 5 44 46
g. M 19 50 4 30 20
10, F 15 70 5 40 30

MALE" (5) FEMALE (5)
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APPEWDIX 1¢

List of-sscondary schoois in Ibédan Huniﬁiﬁélity
sampled for the stuqy

Year
Established

o [ Mount Olivet Grammar School, Bodija, Ibadan 1965

Name of School

2. y¥Hnly Trinity Grammar School, 01d Ife Road, ibadan 1966
3. Bishop Phillips Academy, Iwo Road, Ibadan 1964
3% ~‘Adekile Goodwitl Grammar School, Aperin, Ibadan 1364
5 C.A.C. Grammar School, Aperin, Ibadan 1960

6. Adelagun Memorial Grammar School, Odinjo, Ibadan. 1867

7. **Ibadan City Academy, Eleta, Ibadan. 1946
8. *Ahmadiyya Grammar School, Eleyele, Ibadan 1985
9. Baptist Grammar School, Idi-Isin, Ibadan 1966
10. Ibadan Grazmmar School, Molete, Ibadan 1913
1. Methodist High S;hool, Express Road, Ibadan. 1961
12, Eyinni Higzh Schocl, Lagos Road, Ibadan 1966
13. Renascent High School, Aremo, Ibadan. 1964
14, African Church Grammar School, Apata, Ibadan. 1960
15, % % Islamic High School, Basorun, Ibadan 1957
16. Oke 'Badan High School, Oluyoro, Ibadan. 1964

* F: e schools selected for pilot and main study
** Three schools selected for the main study
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APPENDIX 20

Analysis of Variance of Post-attitude Scores-.

of HMA, AMA and LMA Groups

-

SOURCE df SUM OF MEAN Fe SIGNIF
. SQUARES SQUARES RATIO OF E
MAIN EFFECTS 2 822.9375 411.4688 2.418 0.091 ns
EXPLAINED 2 622.39376 #11.4683 2.41® 0.021 ns
-
RESIDUAL 123 20842.000 170.2602
TOVALR 25 21764.9376 1%4.120
ns : Not Significant™at P = .04
Analysis of Variance of Post-Attituds
Scores of UCU, RCU and NCU
Groups
SUURCE. DF SUMm oF MEAN F- SIGNIF
SQUARES SQUARES RATIO OF F
MAIN EFFECTS 2 471.443 23D .22 1.218 0.298 nsg
EXPLAINED 2 471.445 2390 d 23 1218 0.299 ns
RESIDUAL 123 23811.625 183.590
TOTAL 125 24283.070 194,265

ns : Not Significant at P = .05





