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EXPERIMENT L STUDY OF PROGRAMMED LEARNING AMONG
PRIMARY TEACHER TRAINING COLLEGE STUDENTS IN KENYA
AN ABSTRACT
BY
HELENA KITHINJI

Purpose
The purpose of the study was to compare the three

methods of presenting programmed materials to the first

year students in primary teacher training colleges

in Kenya, in their learning of Mathematics. The

methods compared were individual programmed learning,

programmed learning in pairs, and programmed learning

in larger groups.

Rationale

The students in three treatment groups were
compared with respect to thelr achievement, retention
change of attitudes towards mathematics and time
neaded to compiete the programme. The null hypotheses
stated that there were no differences between the
maans of students in the three treatment groups with
respect to their achievement and retention scores, that
no significant change in attitudes towards mathematics has
taken place after the students have completed the prog-
zamme and that there were no difference between the
means of students in the three treatment groups with
raspect to the time needed to complete the programme,
The hypotheses that the achievement and
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retention of atudents after the completion of the
programmed course is independent of their previous
academic qualifications were also tested.

The programme used in the study was a
linepe progranme on statistics. The programme was
tried out in a pilot study. It contained 180

framsse

Brocedures
] The sample consisted of three randomly
selected primary teacher training colleges. In
each college one Pi, one P2, and one P3 class were
randomly chosen. The ages of students were taken
from the colleges' records. No significant
diffesences were found in ages of students in the
sample. All the students in the sample classes
were pre-tasted on the kmowledge on statistics,
reading adility and mathematical ability. Students
who scored 30% or over in the pre-test on statistics
were Gropped from the sample. The three treatments
vere randomily assigned to three colleges. The
treatunants weres

Ireak., pt As Students went through the prograruse
individually at their own pace, the programme was
presented ¢o them in booklet form, one booklet per
student.
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Treatment B: Students were randomly assigned to
pairs. The programme was presented to them in
booklet form, one booklat per pair; the two

student in a pair vere asked to poole their efforts.

Ireatment C: Students went through the programme
in larger groups (the whole class). The programme
was presented to students by overhead projector:.
Students in the group were asked to poole their
efforts.

Students were also administered the questionnaire ©n
attitudes towards mathematics. The same question-
naire was administered tolstudents after the
completion of the programme to assess any change in
attitudes towards the subject. After the completion
of the programme students were administgred the
post-test on statistics. Ten weeks after the

completion of the programme students were administered
the retention test.

Eindings

The results showed that individual programmed
learning produced higher achievement and retention
post~test scores than programmed learning in pairs
which in turn was more effaective in reaspaect to the
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achievement and retention of students than
programmed learning in larger groups. P1 students
performed significantly better in post-and
retention test than P2 or P3 atudents. P2
students performed better in achievement and
retention post-teat than P3 students. No signif-
icant change in attitudes towards mathematics

has taken place after the completion of the
programme. Larger groups and pailrs saved on time
ags compared to individual students.

Zmplications

The study showed that the achievement and
retentlon of students was affected by the mode of
presenting proprameed material and by students®
pwevious academic qualifications. The stugdy
showed that the individual programmed learning
and programmed learning in pairs have an important
place in primary teacher training colleges in
Kenyas but more research is needed using longer
programmes, to assess the optimum size and the
structure of the grouped programmed dearning
beforw tha idea is rejected as the progremmed .
learning in pairs or in groups is less costly
and time saving.



CHAPTER 1

1.0 INTRCDUCTION

There are almost 3 millions (1,1974)
puplls enroclled in primary schools in Kenya and
the number is increasing yearly. The rapid increase
in enrolment makes it necessary to train more
teacheras. HKenya's developing economy demands manpower
with sound knowledge of mathematics and sciasnce.
Primary school is supposed to give pupils understanding
of basic mathematical concepts and operations, skills
to solve the operations and right attitude towards
mathematics. This can only be achieved if the quality
of mathematics teachers in primary schools is improved.
the right place to start uwould be at primary teacher
tgaining colleges. Students entering primary teacher
¢tzaining colleges often have an inadequate mathematical
background. Most of them have been taught traditional
athematics and have never heard of topics like Sets,
Statistics, Numbor basas, yet they will be required
to teach these topics in primary schools. The duration
of the training is 18 months only, out of which
moge than 3 months are spent on teaching

AT .

%m:scomrcsr, Saminar on Basic Education in
Bagtern Africa, Walirobi, 1974, pp/Ap3/i.



practice, UWithin this short time a college is
suppesad to equip a student with a deep understa-
nding of math mmatics and methods of teaching

the subject. High fallure rates in mathematics

in primary teacher training ceclleges leave no
doubt about the inadequacy of present methods

of teaching the subject, and demand more effective
methods to help atudents to learn the most in

a short available time.lWell prepared self instruce
tional materials would allow students to learn

at their omn pace and to study and revise at their
oun timez. %This study attempts to evaluate the
effectivencss of three methods of presenting
programncd materials to students of primary
teacher training colleges in Kenva.

1.1

The purpose of the study was to teat the
effectivenass of thgee modes of presenting
pxooranzed mb&iais to the first year
students in primary teacher training colleges
in Kecoya. Individual progranmzd learning

vas compared with programmed learning in palrs
and programmed learning in larger groups.

The effectivencss of the methods of pre-
senting programmed materials was compared
with pegpect to the schievement and retentien



of students, time needed to complete the

programme and the change of attitudes towards

mathematics. Some of the questions intended

to be answered in the study were:

i.

2.

3.

de

Se

6.

Which method of presenting programmed
material is more effective with respect

to the achievenant of students?

Which method of presenting programmed
material is more effective with respect

to the retention of students?

Which method of presenting programmed
material is more effective with respect

to the time needed to complete the
programme?

Do the P1, P2, and P3 students perform
equally well in achievement and retention
teat after the programmed course?

Which method of presenting programmed
materiail will produce a more significant
change in attitudes towards mathematics?

What 18 the correlation between the scores
in reading abllity test and achievement
post=test?



1.2 Need for the study.

Kenya as most other developing countries
is experiencing shortage of qualified teachers.
The shortage is felt in every field and it is
particularly acute in the field of mathematics
and science, Some of the topics in mathematics
are poorly taught or skipped as teachers
themselves are not familiar with them.
Textbooks are inadequate and are as such no
great help to a student or a teacher. The
change over from traditional to modern
mathematics without adequate in-servicing of
teachers left many teachers bewildered and

unable to cope with the new situation.

Schramm (2, 1964) recommends programmed
learnling in Africa because of the shortage
of teachers, the need for curricula revision
which would be brought about by programmed
instruction as the construction of programmes

demands a close study of teaching objectives

2

Schramm, W.,Jggig Media and National Development.
UNESCO, Paris, . p



and global knowledge of the subject. This

is particularly important for student-teachers.
Only when we train better teachers can we
hope to achieve better mathematical results

in primary schools. The high failure rate

in mathematics among primary teacher training
students (shown in table 1) since the
examination was centralized leaves no doubt
about the inadequacy of the present methods of
teaching the subject and demands a search for
new more effective methods of teaching the

subject.

There are great individual differences
among primary teacher training students with
regard to their previous mathematical backe
ground. Some of the students come from well
entablighed schools where they were taught
mathematics by trained teachers while others
come from Harambee schools and have no proper
mathematical background. Although the new
entry regulations by the Ministry of Education
requlres a pass in mathematics, this has not
yet been fully implemented and even when it
will be implemented the differences will atill estint,



TABLE 1

PERFORMANCE OF PRIMARY WEACHER TRAINING STUDENTS

IN 1970 FINAL MATHEMATICS EXAMINATION.

Pl p2
College P R ¥ P & F
Egoji 134 25 ; 52 37 17
Asumbi 125 12 11 47 59 56
Eregi 269 83 21, 74 29 27
Highridge 41 24 5 23 27 24
Kagumo 138 02 16 35 31 28
Kaimosi 89 50 / 21 34 36
Kamagambo 25 8 3 I 11 21
Kamwenja 86 12 4 46 50 24
Kericho 115 40 16 20" 28 22
Kigari 84 18 5 58 37 31
Kilimambogo 73 41 16 43 28 18
Kisii 65 30 5 15 19 14
Machakos 122 41 12 52 28 98
Meru 37 10 1 29 23 11
Mosoriot o8 35 7 41 51 51
Shanzu 103 53 11 32 33 20
Siriba 115 74 11 51 58 5H
Thoqoto 112 44 11 €0 40 29

p = Passed R = Referred F = PFailed



Some of the students entering the college

did modern mathematical syllabus while others
did traditional one, The result is that
mathematics programme in primary teacher
training college is too difficult for some
students and boring for others, Programmed
learning will allow each student to progress at
his or her own pace. Not all the students
enter a college at the same time; some come

in May while others join In September and

may miss some important toplcs. Those topics
could be covered by late students by programmed
learning. As Plummer (3,1967) points out,
programmed materials in African countries are
particularly useful because of the absent

and late coming students, because it makaes

an impact with students who have previously
experienced failure in the subject (which is
often the case with primary teacher training
students in mathematics), because pupils
acquire genuine interest in the subject and
are keen to work and because the progress of
students is more rapid and can be easily checked,
This is particularly important for primary
teacher training students as the duration

1 -

“Programmad Learning in Central African Contexts.
University College of Rhodesia, Faculty of Educatien
Occasional Paper Mo. 7, edited by D.G. Hawkridge.,



of the course is two years only. Plummey

aisc recomnends programmed learning in

African countries as tha use of programmed
materlal allows more contact between an
individual student and the tutor and for the
remedial work and revision, Topics in the
programmed form are more thoroughly prepared.
Bncouraging students to write programmes on
the topics they have covered and on the topics
they will use for teaching practice will
ensure the real understanding of the topic
gnd the teaching objectivea, and it will also
cencouragge students to write and use programmed
materials in thair later teaching. As Roebuck (4,1970)
points ocut: "A massive large scale implementa~
tion by government decroe might by its shear
giza give sufficlent support to the individual
teachar to use the new materisls efficiently.
Plecemaal innovations cannot succeed until
teacher 4raining prapares teachers to receive
the new technique with confidence.™

%1, mosbucks Factors influencing the Success of
Programmed MHaterials in um-aquiped Clasasoomg
and Imadoguately Staffed Schools. In Agpocts of
mmwmmlﬂ Tecnnology, Vol. &4, Pitman 1970
PP - .



The findings of the study by Lysaught (5,1966)
strongly support the idea of introducing
programmed material in teacher training
colleges. He found ocut that teachers who were
trained and used programmed material in their
training make greatar use of programmed material
in their teaching and have more favourable
attitudes to programmed instruction. Theories
of learning can be made more directly relevant
t> the classroom situation and terms like
revard, reinforcement, confirmation of the
Tesults,condiioning can be illustrated by
referance to programmed matarials. Lysaught
(1966) and Gilbert (6, 1973) suggest that
training teachars in techniques of programmed
Aearning will make them better teachers.
Havlridge (7, 1966) suggest that teaching
student teachers programmed learning c¢an make
a contribution not only by increasing the pool

— I

mmht. JePey "Inducing Change in the cri.asamam
m 8d. Techn = 3 3
- Vo 1, Methugn and Cco. L
:.om. dony 1966, pp. 395 = 411, * Sl

6
Gillhert, L.Ae "m:ational ml m '.l.'nar.‘hnr
Education and Training. EEags Lears & Educe Testm. .
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of teachers who will be able to conatruct
programnEs or who will know how to integrate
pragrarmmed material into their everyday
teaching, but raising also the standard of
teaching performance.

The study inwvestigated three methods of
presenting programmed materials to the first
yvear students in primary teacher tratning
collegea in Kenya in their learning of
mathamatice. The methods compared wera
indgividual programmed learning, programmed
Iearning in pairs and programmed learning in
lagger groups. The programme used wvas linear
programme on statistics. The indepandent
varliable in the study was mode of presenting
poogrammzd materlals individual versus pairs
versus lamger groups. DPependent variables
measured in the study were:

1« A post-test administeraed after programmed
ingtruction.

2+ Time different groups needed to complete
the programmed recorded by tutors.
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3.

4,

11

Retention of students measured by

a retention test identical to the poste
test, administered ten weeks after

the completion of the programme,

Change (if any) in attitudes towards
mathematics after studenta have completed
the programmed course measured by two
identical questionnaires, one adminigtered
prior and the second one after programmed
instruction.

Controlled intervening variables were:

1.

2e

3a

44

Previous educatipn background (by taking
P1, P2 and P3 classes).

Pre~knowledge on subject matter (pre-test
on Btatistics).

Reading abllity (reading test).

Hathematical ability (Five Dots Test,
Working with Numbers Test).

Hypotheses.
Hypothenes tested &n the study are stated
bolow in the null and alternative form,



1.

20

3a

12

Ho: There is no significant difference
between the means of students of the
treatments A, B and C with respect to the
achicvaoamant post test scores. = B&.-.

There is a significant difference between
theo means of students of the treatments

Ay B and C with respect to the achlievement
post test scores.

Hos There is no significant difference
betueen the means of P11, P2 and P3 sgstudents
of the treatment A with respect to the
achievement post test scores.

- Hy3 There ic a significant difference
hatueen the means of P1, P2 and P3 students
of the treatment A with respect to the
achicveament post test scores.

Ho:t There is no significant differcnce
hetwsen the smecans of P1i, P2 and P3 students
of the treatment B with respect to the
achievenent poat test scores.

- H,: There is a significant difference
botwacn the means of Pi, P2 and P3 students
of the treatment B with respect to the
achieuemant post test scores.
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Hos There is no significant differaence
betwaen the means of P1, P2 and P3 students
of the treatment C with respect to the
achicvenent post test scores.

~f,2 There is a significant difference
betueen the means of P1, . P2 and P3
students of the treatment C with respect
to the achicvement post test scaraes.

Hoz: There 1s no significant difference

betucen the means of P1 students of the

three treatments A, B and C uwith regpect
to the achievement post test scoras.

- Hpe There is a significant difference
batween the means of P1 students of the

three treaiments A, B and € with respect

to the achicvsment post test scovesn.

Ha: There is no significant difference

between the means of P2 students of the

three treatments A, B and C with respect
to the achisvenent post test scores.

- .8 Zhere i3 a significant difference
between the means of P2 students of the

three treatments A, B and € with respect

to the achicvement post test scores.
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8.

s

10.

14

llo: There is no significant difference

betyesen the means of P3 students of the

three treatments A, B and C with respect
to the achievement post test scorzes.

- Ha.' There is a significant difference
betveen the means of P3 students of the

thiee treatments A, B and C with respect

to tho achievement post test scores.

Ho: There is no significant correlation
betugen the scores in Silent Reading
Tast and achievement posgst test.

o HA’s There $8 a significant correlation
hetwezn the scores in Silent Reading

Tast and achievenment post test.

Ho: There is no significant correlation
betucen the scores in Filve Dots Test and

achilevenent post test.

- H,3 There is a significant correlation
batwean the scores in Pive Dots Test and

achicvemant poat test.

Hos There i3 no significant correlation
betuaen the scores of Working with Mumbers
Tent and achlgvament post test,

« Bt There 15 a sigaificant correlation
betweon the ecores of Working with Numbers
Teat and achievemont poat test.
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11, Ho: There is no significant difference
between means of students of the three
trecatments A, B and € with respect to the

time needed to coliplete the programme.

- H,2 There is a significant difference
betwcen the means of students of the three
treatments A, B and C with respsct to the

time nezded to complete the progre——e.

12. Ho: There I8 no significant difference in
attitude towards mathematics prior and
after programmed instruction for students

of the treatment A,

- "A’ There is a significant difference
in attitudes towards mathematics prior
and after programmed instruction for

students of the treatment A.

13, Hos Thore is no significant difference
in attitudes towaxds mathematics prios
and after programmed instruction for
students of the treatment B,

- H.: There is a significant difference
in attitudes towards wmathematics priog
and after programmed instruction for
students of tho treatment B. |



14.

15.

16

16

Ho: There 18 no significant difference in
attitudes towards mathematics prior and
after programmed instruction for students
of the treatment C.

- H,t There is a significant differcnce
in attitudes towards mathematics prior
and after programmed instruction for

students of the treatment C.

Hoet There is no significant difference
batween the means of P1, P2 and P3 students
of the treatment A with respect to the
retention test scores.

- H.¢ There is & significant difference
betwaen the means of P1, P2 and P3 studenta
of the treatment A with respect to the
retention test gcores.

Ho: There is no significant difference
botwean the means of P1, P2 and P3 gtudents
of the treatment B with respect to the
retention test scores.

- H A" There 18 a significant difference
botuecen the means of P1, P2 and P3 students
of the treatment B with respect to the
retention tast scores,
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18.

19.

20.
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Ho: There is no significant difference

between the means of P1i, P2 and P3 students

of the treatment C with respect to the retention
test scores.

-H,3 There 18 a significant difference between
the means of P11, P2 and P3 students of the

treatment C with respect to the retention test

scores.

Ho: There 13 no significant difference between
the means of P1 students of the three treat-
ments A, B and C with respect to the retention
test sCores.

~H_3 There ig a significant difference between
the means of P1 students of the three treat-
ments A, B and C with respect to the retention

test scores.

Ho: There 1s no siynificant difference
between the means of P2 students of the

three treatments A, B and C with respect to
the retention test scores.

-HA: There 18 a significant difference between
the means of P2 students of the three treat-
ments A, B and C with respect to the retention
test scores.

Ho: There 1s no significant difference between
the means of P3 students of the three treat-
ments A, B and C with respect to the retention

test BCOres.
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i8

- HA: There 18 a significant difference
between the means of P3 students of the
three treatments A, B and C with respect

to the retention test scores.

Description of the materials used in the
experiment.

The programme used was adopted from R.A.Konchlas

Statistics, a Unit for Introductory Psychology.

Title of programme: Statistics for Teachers.

Level: First year primary teacher training
‘colleges.

Form: Linear programme in booklet form with
answers appearing on left-hand of the
succeeding page. The text is typescript.

Length:Each booklet has ten pages, each page
contains one frame, each frame requires
one or two responses.

Crlterion behaviour: After the completion of
the programme the students should be

able to:

1. Define statistical terms msuch as variable,
constant, frequency, Neasurement, table,
graph, mode, median, range, deviation,

data,possible Vvalues ecesscscsnsse
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3.

4o

Seo
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Arrange rav dats in tables.

Represent data graphically.

Calculate the measucres of central tendency
and dispersion from a set of given data.

Arrange data in grouped frequency tables.

Apply statistical procedures to the classe
room situation, compare two sets of data,

read graphs and make predictions.

Silent Reading Test was adapted from
Schonnel, F.J.t Diagnostic and Attainment

Testing, Slilent Reading Test B,

Pive Dots Test and Yorking with Numbers
Teat wvere used in their original form.



CHAPTER 2

REVIEW OF RELATED LITERATURE

Historical background of programmed learnina.

The theoretical foundations of programmed

learning are based on psycholegy of B.F., Skinner

(8, 1960) Programmed instruction 1s not only another
teaching technique, but it incorporates the practical
application of laws of learning established by

sclentific method.

In order to understand Skinner's work it is
necessary to refer to the experiments of Pavlov,
In this experiment the hungry dog is given a meat
ball. When this happens he produces saliva. A
mere sight of food suffices the secretion of
saliva. This 1s a primary reflex. At the second
stage the secretion of saliva is assoclated with
ringing of the bell. A bell is finally rang without
producing food and the saliva is secreted. A condite
ioned reflex has now been set up. Pavlow

8

Skinner, B.F., "The Sciance of Learning and the

Art Of ‘I'eaching“ in Tea g Ma nes and Proarapmed
Le « Departmant of Audio Viaual ns

a onal Ede Ags.y 1960, Washington, pp 99 - 114,
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excluded from his experiments all but the

factors under observation. He interpreted his
regults with reference to neurological mechanism,
From his experiments he bullt up his theory of the
system of reflexes, from the aimplest to the most
complicated as that of language. He established
rules of a training system which was later called

'‘conditioning.'

Thorndike followed Pavlov's ideas, but he
refused to explain psychological facts by physiology
only. He studied animals' learning and he observed
that the best way to fix responses is by connecting
them with the satisfaction of the need. He also
concluded that animals learn by trial and error.

Watson attached great importance to conditioned
reflexes set up by Pavlov. He disagreed with
Pavliov'’s interpretation of results in terms of the
nervous system only as it cannot be verified, He
proposed that a scientist should confine himsels
to vhat can be controlled and observed, that is
stimulus and response. What lies between the two,
we know nothing about, it is so~called *black box*,
a hypothesis which cannot be verified. Watson
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experimented with rats and mazes. A rat had

to pass from the point of entry to the exit, having
to choose one of the several possible routes

at various points. If a rat went wrong it
received a mild electrical shock. When a rat
reached the exit it received the reward. The
behaviour of the animal 1s characterised by trial
and error. From his experiments Watson deduced
his laws of behaviour. Those are: law of recency,
practice or exercise and effect. The response

is more firmly fixed if more often repeated
(practice), the last response will be repeated

as it is the most recent one (proximity), the
correct response is more readily repeated (effect).
From his experiments Watson deduces his theory

of learning and teaching. He states: (9, 1972)

"Give me a dozen healthy infants well formad,

and my own specific world to bring them up

in, and I will guarantee to take any ona of

then at random and train him to become any

type of spacialist I might gelect seesssseaces
regardless of his talents, penchants, tendencies,

abilitien, vocations, and race of his ancastorsg."

‘Docstar, J., The Theory and Practice of
Programmed Instruction, UNESCO, Paris. 1972,

pp 3.
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The modest contribution of American
paychologist Pressey was also important. He
congtructed a small apparatus, a testing machine.
He applied to it the laws of behaviour. The machine
gave gstudents a set of questions, to be replied
to by selecting ona of the several possible
answars. The student could not go to the next
question until he has found the correct answer,
In that way the machine not only served as a
testing device but alsc as a teaching device. The
machine put into practice the three laws of behaviour,
the law of recency ag the correct answer is the
most zecent one, the last chosen, the law of practice,
the correct answer being the most frequent cne
since it allows student to proceed to the next
question, and the law of effect since the progress
could only e made by choosing the correct answer.

In 1938, Miller and Komorsky © found out while
experinenting with animals that when an animal
received a reward for the performed action, it was
likely ¢to repeat it. Even 1f the original action
was not performed by a stitulus but was spontanecus,
the reward vas a stimulus for the new action.

1btn Pocatar, J. The Theory and Practice of Programmed
Inctruction, Unasco, Paris, 1972, pp 36.
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The originator of programmed learning is
American psychologist B.F. Skinner. He

experimented with plgeons, teaching them among
other things, to differentlate between horizontal
and vertical stripes, which was not possible in
the experimental conditions set out by Pavlov,

It could then be concluded that pigeons do not
possess the physioclogical capacities to distinguish
vartical and horizontal lines. Skinner placed
the pigeons in his own experimental environment,
allowing them to do what they liked, placing

a red and a green circle in the cage. UWhen a
pigecn on his own pecked at the red circle, he is
awarded. The reward is given any time the pigeon
pecks at the red circle. The pigeon will finally
peck at the red circle without any reward. Red
cirice is replaced by horizontal lines gradually
and the green one by vertical ones. The pigeon
goes on pecking on the vertical lines even when
the colour has disappearad and offly the lines are
laft.

Skinner's experiments are basically different
from Pavliov's. Skinner does not isolate the factor
to be studied. The gselection of the factor is left
to the animal which through its own activities

bpuild up the learning process. The desired actions
ava rewarded so as to induce the animal to adopt
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a certaln mode of behaviour. The reward has

become a stimulus for the new action. There are

no negative stimull used in the experiment. The
pigeon progresses step by step without being punished
for his errors. Stimulus comes after the action and
it operates retrospectively, reinforcing the action
already performed. The law of behaviour should

now be understood 1n this light. Animals learn

by being active and the same applies to men.

1. Step by step principle. Effectiveness of
learning depends on the frequency of reinforcement,
The maximum number of reinforcements can
be achileved by dividing the subject mattar
to be learned into small units each requiring
the response. Progress is made step
by step. The confirmation of the correct
angwar is the reinforcememt.

2. Ac¢ctiwvity. Pupils mugt actively paxrticipate
in tha lesrning process by doing the
eercises to assimilate the subject matter
to ba learncd.

3. Success. Errors and fallures must bg avoided.
Pupils will learn mutth faster if they sce
that they are succeeding.
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o Immediate verification of the results.,
A pupil must know before going to the

next step 1f his action was correct.

ve Logical progress of learning. The material
to be taught should be logically organised,
activities should centre on the information
to be taught. All the superfluous elements
should be eliminated.

6 The principle of individual pacing. Pupils
should be left to learn at their ouwn pace.

or models of a!Lig.ﬁinear programmes are
composed of a number of parts called frames. Each
frame requires a response from a pupil. Each frame is
clearly separated from the other. The frames
afe usually numbered and studied in a numerical
oxder. When a pupil has gone through the frame and
given the response, he checks his ansuer. Frames
should be as short as possible in order to avoid
egror. Each frame constitute a stage of progress.
The required rasponse refers to the actual frame.
The response ghonld ensure active participation of a
pupil. Skinner demands that his programmes
should be 958 successful.
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Crouderts programme. Pupils are directed

to ¢the various parts of the programme
according to the responses they make.

Fraves are larger and the responses are given
in a multiple choice form., Skip~branching
programmes allow students to skip some

parts of the programme or a loop route for
students who hava not understood some items
in the programme,

Erearapmad learning in Africa.
Programmed learning is a comparatively an
unknowm ficl® in Africa. Lawless (11, 1969)
calls for the need to revalidate programmes produced
cutaide Africa. He carried out his research in
secondary achools in Malawi using programmes in
Biolegy. HMHe comparad multiple-choice and conse
tructed responses acrogs four categories of dgarning,
verbgl association, generalisation, multiple
discripination and chaining. No significant

L P =

"Lamleau, Cedsy YProgrammed Learning in Developing
Countrias of Africa.” Proo. r. and _ '
1969, ﬁ v PP» 189 = 1906,
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difference was found with respect to the
achievement and retention scores. Pupils who

usaed multiple-~choice version of programmes took
congsiderably less time to complete the programme.
Calder and Raab (12, 1970) stress the potential
uses of programmed learning in upgrading the skills
of teachers (such experiments were done in Algeria),
changing attitudes of teachers and students towards
the subject, guiding practical work (Roebuck used
programmed material in practical Biology in Nigeria
and Bunyard used it in the same country for
practical Physics), and for vocaticnal and tech-
nical education. Hawkridge (13, 1967) calls for
more permanent resource centres in developing
countries to provide the material, information

and encouragement to teachers using programmed
material. He also points out the difficulty
arising from the fact that students in developing

countries have to use the programmes in their

sacond languagesi.

32‘:31“:. J‘R.. ﬂ!‘lﬂ Rm' CQN.' “Pmblm Of

Teaching in Developing Countries", gggggggggg
Learning Bulletin. No. 1, August, 1570.

1sﬂawkbr1dga, D.G.y "Evidence from Programmed
Learning Rescarch in Central Africa®, Natig%g; "
- 1 -

Society foxr Proqrammed Instruction, g. pPD 1
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Plumner (14,1967) experimented with programmed
material in Rhodesian schools. His programmes
have nroved successful with most studenta. He
obsarved that the programmes appear to make an
impact with pupils who have previously experienced
fallura in the subject. Pupils were more keen to
work with programmed material. The progress was
wore rapid. He also recommends programmed learning
for African countries because of large classes.
programmed learning allows more individual contact
betwecn a teacher and pupils, pupila’ progress can
be easily checked, it will releve teachers of
monotonous and repetitive marking and it will allow
the absent studemts to catch up with the subject
matter. He recommends programmed learning for
remedial work. He points ocut that teachers will
lecrn a great deal from preparation of the programme,

Hartley (15, 1964) reports on the prograss of
UHESCC get up workahop on programmed learning in
1962 in Idbadan. He calls for more in-service teacher
training courses on programmed instruction.

=

Mm Programmad Learning in Central African Contaxts.
Universi Collage of Rhodesia, Faculty of Education
Occasional Paper No. 7, edited by D.G. Hawbridge.

1% "Programmed Learning in Emerging
OfS o 'rogrammed Learning, 1964, 3, pp. 21 - 25,
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Programmed instruction is used in some
African universities (Zambia, Lesotho, Malawi).
A study of programmed learning was carried out in
the Department of Educational Psychology at
Makerere University. No significant difference was
found betuween programmed instruction and conven-
tional teaching. Some experiments were done in
Ghana and Central Africa. In the opening address
for the conference on Programmed Learning and
Regearch in Adult BEducation in Nairohi 1966, Mr.
Mwendua recoended programmed learning for
African countries because (16,1966) "step by
step the student is guided forward, from the basic
elements of his subject towards its more
advancod and complex stages. At every point there
is a built-in check on his real grasp of the
matexial S0 far preserved. At the same time,
the method inposes a valuable discipline on the
teacher using the course in the classroom. He

16Prngrammeﬂ Learning and Research in Adult Education
Conferenca Proceedings 1966, Adult Asgsociation of
East and Central Afcica, Mr. Mwendwa's opening

addrm' ppi 15 -
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1s forced o view the object as a continucus
related whole and at the same time to break it down
into 1ts smaller component units of knowledge;

and he has & continuous bullt~in check on the
progresgs of his students.”

Schramm (17,1964) recommends programmed
instruction for African countries becausa of the
shortage of taachers, the neesd for curriculum
revision which could be brought about by programmed
instruction as the construction of programmes
demands a clear understanding of teaching
objactives and the logical oxrganisation of the
matarial to be learned. Programmed instruction
will allov every student to progress at his
fastest paca. He calls for mors research on
saquence, step, error rate, mode of response in
programpmed learning in African countries.

L ———

ﬂSd:rm, We
UNESCO, Paf
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Roebuck (18, 1970 ) reports on some of the
findings of experiments in programmed instruction
in Nigeria. "During 1967 and 1968 programmed
materials of commerclal orlgin and some specially
produced by Nigerian Researchers were used with
over 2000 secondary school puplls in West Nigeria
in a wide variety of schools and under a range of
conditions. Experiments to compare conventional
teaching and programmed learning werae avoided.
Attempts were made to use programmes as widely'
as popgible and therefore to identify thoge factora
infiluencing the success of the programme in typical
school aenvironment. Systematic variations of the
form of presentation and types of programming ware
assessed. 3Jome of those varilations attempted to
invegtigate problems related to acculturation
and the use of programmes in the second language.
Attainment of pupilsg varied greatly and was found
less daopendent on the structure of the programme or

18Rnehuck, M., "Factors influencing the Success of
programned Materials in under-equiped classrooms
and inadequately staff Schools.'" Aspects of
Educabional Technolagy, Vol. 4, pPp. 97.



33

its form of presentation than upon administrative
and background factors operating in the school
system. Many teachers found programmes adminise
tratively difficult. There was a conflict between
the needs for individual instruction and the
traditional role of teacher. All the programmes
produced significant amount of learning. Puplls
were found to have more favouridble attitudes td
programmed instruction than to conventional
teaching. Pupils® attainment were heavily dependent
upon home and background factors and pupils®
attitudes reflected language and administrative
characteristica of the school.

It is suggested that currently available
self=inatructional materials will not work where
they are most needed and that the factors identified
by the project in a developing country are basically
similar to those influencing innovations in
British classrooms, though the solutiong must be
different.” He goes on describing some of the
diffjculties encountered while experimenting with
programmad materials in Nigeria due to the often
transfar of teachers who co~vperated im the projact
and absantdism of pupils due to the unpaid achool fees.
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He reports that African pupils found it more
difficult to respond by filling in blanks left in

sentences than by answering straight questions.

Bunyard (19, 1972) used a programme in
General Science to compare Nigerian and English
children's attainment in programmed instruction.

His result showusthat programmes written for English
children are not very effective for Nigerian childe

Programmed learning was originally meant for
individuals to work at thelr own pace. It has been
suggested that programmed learning in groups could
be just as effective as individual progranmed
learning. Amaria et al (20, 1969) concluded that
the potion that programmed learning 1s an indjie
vidualised process can be abolished. Group programmed
learning is at least as effective an individual

198un ardy Jep "A Comparison of the Learning Achieved
hvtéiggfinn anﬂ Eﬁuxiﬂh :hxld:en from Pragzammed
Nﬂ. 2 L CRE L) £ et AT L]

1972* No. 9‘ pp- j-— - -'ﬂ
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programmned learning and takes no longer. They
compared individual programmed learning with
programmed learning in homogenous, heterogeneous
and random pairs. Group programmed leawmning had
better results with lower ability students at

primary and secondary level.,

Williams (21, 1963) argues that one disad-
vantage of individual programmed learning is the loss
of communication skills by students. He suggests
that groups of pupils could ke organised in groups
when learning by programmes provided the optimum
pacing rate is achieved. In that case programmed
learning in groups could offer considerable adva~
ntages. The coat of production of préogrammed
materisls will be reduced and the students will have
the opportunity for social interaction amd discussion.

bick (22, 1963) found out that the retention
of the students who went through the programme in
pairs was better after one year than of the students
who went through the progri™m® individualily.

Eiw111iama J.P.y "Comparison of geveral spons
models in a review programme. # gggggg;:;gigggz,

Esychologv, 54, pp. 253 ~ 260,

22piek, W., "Retention as a function of paired and
individual use of programmed instruction®, %ﬁﬂsﬁﬂl
1 - -

of Programmed Instruction, 2, No. 3, pp.
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His significant level was 0.07. The paired
students took considerably longer to complete

the programme.

Hartley and Hagarth (23, 1973) concluded that
programmed instruction in pairs could be just as
effective as individual programmed instruction.
They suggest that using pairs instead of individual
students will present a more economical use of

programmed material.

Austwick (24, 1965) used individual students,
matched and random pairs and compared their attain-
ment and time needad to complete the programme.

Paired students took significantly shorter time.

Sawiris (25, 1966) used a sample of 124 boys
and girls with a lingar geometric programme. He

W.F.o "Mixed Ability
'rog. Learning and Educ.

Technology. 1973, Nb. 10.

aﬂﬂnstwigs. 55 YResearch Report" New Education. 1,
No. 1y pPP» - 26

255 wiris "An Experimental Study of Individual
and group 1ng Using a Linear Geometric

Programme", Progrsmmed Learning. 3, 1966, pp. 146 -

153.
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compared individual programmed learning versus
programmed learning in homogenous pairs versus
programmed learning in heterogeneous pairs versus
programmed learning in homogenocus groups of eight,
versus programmed learning in heterogeneous groups

of elght versus programmed learning in heterogeneous group:
of sixteen. Group of sixteen was presented programmed
materlial by overhead projector. Pupils who worked

in groups were asked to pool their efforts.

Test showed that homogeneous pairs performed better
than group of sixteen or groups of eight. No
significant difference was found in performance

of individual students and students who worked

in pairs. Performance of students in groups seemed

to decrease with the size of the group.

Noble (26, 1967) compared three groups of
children matched on four variables. Members of two
of the groups were allowed to work together whilst
the members of the third group went through the
programme individually. No significant difference
was found with respect to the post-test scores but
a more detailed examination of the results showed

that paired groups have performed significantly

26yoble, G., in Aspect of Educ. Technoloay. IIX,
Pitman. London’ 19 r PP 78 = 5.
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worse when answering the more difficult questions

than students who worked through the programme on

their own,

Holroyd et al (27, 1970) found that group
paced presehtation of tape/slide programmes was
just as effective as self-paced presentation.
Subjects of the study were fourth year medical
students., Students were found to have less
favourable attitudes to group presentation than to

individual presentation.

Hartley (28, 1967) compared programmed learning
in homogeneous palrs with programmed learning in
heterogenous palrs. He stresses that there is
considerable evidence of superiority of grouped

programmed learning as compared to individual

programmed learninge.

27Holroyd, C.y Lever, R., Kennedy, H., Dunn, W.R.,
and Harden, R. "Programmed Instruction - Individual
and grouped Presentatlon of Audio Visual Programmes",

In Aspects of ggucg Technology. 4, Pitman, London,
1970, pp. 409 = 415.

28Hart1ey, J., and Cook, A., "Programmed Learning
in Pairst the Results of Miniature Experiments®,

Prog. lLearning and Educ. Technoloqgv. 1967, 4.
Pp. 168 - 172. —=
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Leedman (29, 1964) used ninety children in
eight schools and linear instructional programme
designed for revision in small groups. Some
pPuplls revised with the teacher and others with
the programme in groups of eight. The findings of
the study show that there is some Justification
for such group revision programmes as students
revising by the group programmed learning performed

Just as well as the ones revising with a teacher.

29Leedman, J«y "Using Linear Programme for Revision™,

Erog. Learning, 1964, 31 , pp. 26 - 30.
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CHAPTER 3

3.0 PROCEDURES

The principals of the three primary teacher
training collages in the sample were visited and
the a2im of the study was explained to them.

After the author secured their permission and co-
opexntion he selected randomly the three sample
classes: in each college. The head of Mathematicow
Scicnce departiment and the tutors involved were
explained the aim of the study and the principles
of programnmed learning. The tutors involved

in tho study uent through the programme together
with the author. Students in the sample classes
were Then adminfisterad the pre-test on statigtics.
Aftar the pre-test was marked aight P11 students,
seven P2 atudents and no P3 students were dropped
from the saxple at losoriot Teacher Training

tast on statistics. In the other two teachor
training collages thse students that dropped were
six Piy 8ix P2 and four P3 studonts in one college
and clovcn P31, alx P2 and four P3 students 4in

the other college. The nunbir of gtudents

who remainsd in the sample was 183. Ages of studends
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were found from college records. Students were

then administered Silent Readlng Test, Five Dots
Test, Working with Numbers Test and The Attitudes
towards Mathematics Questionnaire. The pre-tests
were administered to students during their regqular
mathematics lessons by their tutors. After students
finished the pre-tests they went through the programme
under their respective treatment groups. Two days
after the completion of the programme students

were administered the post test on statistics

and the Attitudes towards Mathematics Questionnaire.
Ten weeks after the completion of the programme

students were administered the retentiocn test.

The programme was carrled out without any
speclal difficulties and without absentees. The
tutors were five men and one woman. Out of the
six tutors three were graduates and three were
S1. Because of the administrative difficulties
all the students under the treatment A and B went
throygh the programme but only the ones in the
sample sat for the pre«tests and post tests.

Under the treatment C only the students in the sample
went through the programme so as not to make

the groups too large. When a student or a pair
finished the programme the tutor recorded the time
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the student or the pair needed to complete the
programme (in hours). Students in pairs could

sit anywhere they chose. After the lesson was

over all the students returned the booklets. The
responses to the frames could be either written

or oral and were not checked. Tutors reported that
students enjoyed working with the programme. In
group C the overhead projector was operated by the
tutor, The frame was changed when the students

so desired. Students sat in the semi-circle

around the overhead projector. According to tutors®
reports not all the students participated in the
discussions and the pace seemed to be determined

by the active students in each group. All the three

groups under the treatment C had the same tutor.

3.1 Pilot stU.d!o
The pilot study was carried out with the

P3 class at Thogoto Teacher Training College.
The college was randomly selected out of the
three colleges near Nairobi (Highridge,
Thogoto and Machakos). It was not possible

to randomly select one college out of the

total population of 17 primary teacher

training collages in Kenya due to the financial
alfficulties arising from the fact that it
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was necessary to travel to the college

dally for two weeks while trying out the
programme. The programme wns tried out hy
cvarhead projector. After each frame the
students gave opinion about the frame and the
€rames which students found confusing or failed
to get the right response wvere corrected.

The P3 class was chesen as it had the lowest
aducational background in the population.

The P3 class was sclected randomly ocut of the
axisting P3 classes in the college. All the
students in the class participated in the
pregroamme. The ¢rying ocut of the programme
iagted tuo weeks and was carried ocut due to
the adninistrative difficulties after regular
ciasees dally from 5.00 p.m. to 6.00 p.m.
The programme was tried out in Novamber and
the regular clzsaes could not be intersupted
as the students were revising for end of the.
tezm tests. The try out was supervised by
the weiter.

The astusl pilot study was carried out in
February 1277. T7The reasons for pilot study
vere to £ind ocut how suceessful was the revised
programmz and to find out if tests used in the
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nmain study were reliable, valid and if the time
given for the test was gsufficient, if the
language used in tests was understood and if

the items were not too difficult.

Population for the study were 17 primary
teacher training colleges in Kenya. The

uriter first of all randomly selected three
provinces. In the second stage one college
was randonmly selected in each province. In

the third stage one college out of the

three gelectéd in the second stage was
randomly selected for the pilot study. In

the fourth stage a P3 class was randomly
selected out of the existing P3 classes in

the selected college. The B3 students were
chogsen a# they had the lowest educational backe
ground in the population and tha writer reaso-
‘ned that 1f the programme and the tests were
not too difficult for them the same would apply
for P1 and P2 students wvho had two more years
of formal educaticn than P3 stusgants.

Students in the pilot study were first pre—
tested on the knowledge of statistics.
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The test was then marked and only students

who scored under 30% participated in the
programme. Five students were dropped and
twenty one remained in the sample. The

twenty one students were then administered
Silent Reading Test, Working with Numbers

Test and Five Dots Test. An additional student
was dropped out of the sample later due to

the illness. Twenty students went through the
programme individually. The programme ﬁas
administered to them in booklet form, one
booklet per student. The supervision of

the programme and the tests was done by

the regular mathematics tutor in the college,
that was the class mathematics tutor. The
tutor was a man of about 30 years of age who
later participated in the main study. The
principles of programmed learning were
explained to him and he went through the
programme with the writer. The bookilets were
handed out by the tutor but the system was not
satisfactory due to the delays caused by the
fact that several students would finish the
booklet at the same time and would crowd up
at the tutor'’s desk for the new booklet,



46
It was therefore decided for the main study
that the booklets would be..kept on the separate
desk, arranged in numbers and students were
to collect them on their own. The tutor
was asked to supervise the programme only,
not to help students. The basic principles of
programmed learning were explained to students
by the tutor. Students were aware that they

were participating in an experximent.

The main aim of the pilot study was to find

out 1if the tests were valid and reliable.

Teats were validated against students®' mathe-
matics grades at E.A.C.E. or K.J.8.E. combined
with tutor's assessment of students' performance
in mathematics in the previous academic term
(Pre-test, post~test, Five Dots Test, Working
with Numbers Test) and against atudents?

grades in English at E.A.C.E. or K.J.S.E,.
combined with tutor's assessment of the student's
performance in English in the previous academic
term (Silent Reading Test.) Item analysis

was carried out for all the tests (see the
appendix C) and it showed that the time given
for the Five Dots Test and Working with Numbers
Test was too short. The time for hoth tests
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was . therefore extended in main study by

five mimites. Relilabillity coefficients were
calculated for the tests and are given in
Table 3. HMeans and standard deviations for
the tests are given in Table 2. All the tests
were adninistered tuice in the interval of
gaven days and the reliability coefficients
uere calculated by Kuder-Richardson method.
A1} the figures in the tables are approximated
to two decimal places.

EXPERIEWNTAL DESXIGN.

Popuigtion consisted of seventeen primary
teacher training colleges® first year students
in Kenys. Table 4 shows the population of the
Study. Population was composed of 24 so called
Pl clasges wvith 678 students and 47 P2 classes
with 1302 students. WMth the new directives

of the Ministry of Education the P1 and the P2
clagles compase a gencral class and the grade
of a teacher will de dacided on the strength of
the parformance in the final examination at -
tho teacher training colleges. Aas tho colleges
B&ill had the formar P1 classes scparated from
mwv!alasmbythetm&eatudy
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TABLE 2

MEANS AND STANDARD DEVIATION FOR THE TESTS

Test Mean Standard Deviation
Pre-test 11.38 8.93
Post-test 72.60 13.02
Silent Reading Test 26.19 6.43
Five Dots Test 7.19 5.83
W.w.N. Test 5.19 2.44

TABLE 3

CALCULATED RELTIABILITY COEFFICIENTS.

Reliabllity Coeff-

Test icient

Pre-test 0.93
Post-~test 0.7%9
Silent Reading Test 0.91
Five Dots Test 0.82

Working with Numbers Test 0.84
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4

THE POPULATION IN 17 PRIMARY TEACHER TRAINING

COLLEGES FIRST YEAR S_UDENTS IN KENYA

|

Cc = HNumber of classes

¥ - MNuober of students

College P1 P2 P3 Total
c i c N c B C N

Asumbi 2 S0 3 75 4 100 225
Ego)l 1 25 3 75 4 100 8 200
Eregl 2 70 3 108 6 147 11 325
Highridge - 33 1 34 2 63 4 130
Kagumo 1 30 3 90 4 120 240
Kamwenla 2 50 3 75 4 100 g9 225
Kaimosi 1 25 3 75 4 100 8 200
Kericho 2 60 3 90 6 180 111 330
Kigari 1 30 a &0 3 90 6 180
Kilimambogo 1 30 2 60 3 20 s 180
Kisii 1 25 2 50 3 75 6 160
Machakos 1 30 3 90 S 150 9 270
Maru 1 24 1 25 2 50 4 99
Mosorioct 1 40 3 80 S 08 9 228
Thogoto 1 30 3 90 5 156 9 270
Siriba 3 75 & 150 8 200 17 425
Shanzu 2 51 3 75 4 100 9 226
Total 24 678 47 1302 72 1933 343 3%1)
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was carried out, the same division was

used for the sample. The P1 students were

the ones who got division 1 or 2 at the

E.A.C.E. and P2 students were the ones with
division 3 at the E.A.C.E. The population
included 72 P3 classes with 1933 students.

The P3 students are the onas who got the diviaion
2 at the E.A.C.E. or have passed K.J.3.E.

A simple random sample of three provinces was drawn
firgt. These were Nalrobi, Central and Rift
Valley Provincas. One collsge was drawn from
each province by a simple rgandom drawe. The

three colleges selected uere Highridge,

osoriot and Kilimamboge. In each college one
pP1, one P2 and one P3 class were randomly

drawne. EBach college was randomly assigned

to one of the three treatments. The mathematical
background of the students in the sample varied,
but with the emception of the P1 students,
majority did not pass mathematics in their last
public examination. The ages of students in

the sample wece taken from the college register
and varied fxem 19 to 20, Table S shous

the maan ages of astudents in each group and
standard devistion for ages of students in
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MEAN AGES AND STANDARD DEVIATIONS

College Mean Standarqd Deviation
Mosoriot P1 23.29 2.48
Mosoriot P2 22.83 2.77
Mogoriot P3 22.84 2.29
Kilimambogo P31 23.00 2.21
Kilinamkoge PZ 23.36 220
Kilimambogo P23 23.50 2.80
Highridge P2 22.7% 1.24
Highridge P2 22.65 2.31
Highridge P3 22.55 2.11
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each group. There was no significant
difference in ages between P1, P2 and P3
students at Mosoriot Teacher Training
College (F = 0.25; 2,57 d.f.). There was

no significant difference in ages between
P1, P2 and P3 students at Kilimambogo
Teacher Training College (F = 0,10; 2,66 Gufe)e
There was no significant difference in ages
between P11, P2 and P3 students at

Highridge Teacher Training College

(F= 2,113 2,51 d.f.)- Table 7 shows the
number of students of sach treatment group

in the sample.

Bre-tests.
Students were pretested on knowledge on

statizstics. Tho pre-test on statistics lasted

sixty minutes and had two parts. Part A was compostd
of ten multiple choice questions taesting

Xnowledge and application. Part B was composed

of eight easay type questions testing applica-

tion and comprehension. EBach correct item in

Part B scored ten marks and each correct response

in part A scored 2 marke. The whole test

wad marked out of 100. The pre-test on statistics
was combined by the author and was tried ocut in

the pilot study.
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TABLE 6

MEAN AGES FOR THE STUDENTS OF THE
THREE COLLEGES IN THE SAMPLE

College Mean
Mosoriot 22.99
Kilimambogo 23.25

Highridge 22.64
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TABLE 7

THE NUMBER OF STUDENTS IN EACH GROUP IN

THE SAMPLE

Students Treatment A Treatment B Treatment C Total

Pl 17 20 14
P2 18 25 20
P3 25 24 20

Total 60 69 sS4

51
63
69

183
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Silent Reading Test was composed of

15 items. Each correct response scored

one mar:k. Each question required two

or three responses. The whole test was
marked out of 32. The test was adapted

from Schonnell's Diagnostic and Attainment
Testing, Sllent Reading Test B. The

duration of the test was 15 minutes in

the pilot study and 20 minutes in the actual
study. The time for the test was extended in
the main study as many students could not finish

the test in the pilot study.

Working with Numbers Test was administered

in the original form and had twelve questions.
Each correct item scored one mark. The

test was marked out of 12. The time for

the test was extended by five minutes in the
main study for the same reasons as for

the Silent Reading Teat (to 25 minutes).

Five Dots Test was marked out of 18, one
mark for each correct answer. The duration
of the test was extended from 15 minutes in

the pilot study to 20 minutes in the main

studye.
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The pre=test on the Attitudes towards
VMathematics had twenty items. In each item
there were four possible responses; strongly
agree (+2), agree (+1), disagree (-1),

and strongly disagree (-2). There were ten
negative atatements about mathematics in

the queationnaire and ten positive ones.

Treatnents,
Three methods of presenting programmed materia)

were tested. The three treatments were
randomly assigned to three colleges. The
programme was presented in a booklet form

or by overhead projector. The whole programme
consisted of 18 hooklets. Each booklet
contained ten frames. Each frame was on a
saparate page and the response was written on
the left top side of the succeeding page.
Frames were numbered. On the overhead projector
one frame was projected at a time followed by
the response. In the study, three treate
mgnts are named for convenience sake with

capital letters A, B and C.

Trogtinent A -

Students went through the programme individually
at thelr oun pace. Each student had hig or her
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own booklet. Booklets were kept on the
desk and students collected them themselves.
Yhen a student finished with a booklet he

raturned it and collected a new one.

Ireatment B

Students went through the programme in pairs.
Students were randomly assigned to pairs. .

The programme was presented in boocklet form, one
booklet per palr. The two students in a pair
went through the programme at thelr own pace.
When a pair finished the booklet any of the

two students could return the booklef and
collect a new one. Discussion between two

students in a palr was allowed.

Zoeatment C

Students went through the programme in larger
group, the whole class. The programme was
presented by overhead projector. The pace of
learning was decided by the group. The
discugsion among the students in a group was
allowed. Students were asked to pool, their
efforts. The overhead projector was operated

by the tutor.
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3.5 Postotests.
The post test on statistics was administered

to students two days after the completion of
the programme. It lasted 60 minutes. It had
two parts, part A testing knowledge ana
application and part B testing comprehension
and application. Part A was composed of ten
multiple choice items, each scoring two marks.
Part B had eight essay type questions, each
scoring ten marks. The whole post-test was

The retention test was adminigtered ten
weeks after the post test and was identical

in content and scoring to the post test.

Post test on attitudes towards mathematics
was identical to the pre-test on attitudes
towards mathematics and was scored in the same way.

3.6 Treatment of data.

4+ 'Means and standard deviations were calculated
for all the pre<fests and post-tasts.

2. Means and standard deviations were calculated
for agas of students in all the groups.
ANOVA was used to find if there were any
significant differences in ages.
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Differences between the mean scores of the
treatment groups in the pre test on
statistics were calculated by ANOVA,

L
Differsncea between the mean scores of
P1, P2, and P3 studenta in each treatment

group in the pre-test on statistics were

calculated by the ANOVA,

Differences between the P1 students of the

three treatment groups in the pre-test on
statistics were calculated by the ANOVA,

Differences between the means of P2 students
in the three treatment groups in the pre-
test on statistics were calculated by the

ANOVA.

Differences betwaen the means of P3 studentsg

in the three treatment groups in the pre-test
on statistics were calculated by the ANOVA,

If initial differences in the means of
different groups in the pre test on
statistics were significant ANCOVA was used
for the analysis of the post test on
statistics scores with the pro~test scores
as covariate and post test gcores as

criterion.



€0

If no significant differences were found in
analysis of the pre test en statistics
scores ANOVA was used for the analysis of the

post test scores.

9. ANOVA was used for the analysis of the retention
test scores to find out if the differences
existed between the retention of
(1) P11, P2, P3 students of each treatment

group.

(11) P1 students of the three treatment groups.
(111) P2 students of the three treatwent groups.
(iv) P23 students of the three treatment groups.

10. Chi square was used for the analysis of the
attitude towards mathematics questionnaires.

1l. ANOVA was used for the analysis of time each
group needed to complete the programme.

12, Pearson Product Moment Correlation coefficient
was calculated for
{(a) scores in the post test on statistics
and
(b) (i) scores in Silent Reading Test
(11) scores in Working with Numbers Test
(1i1) scores in Pive Dots Test
Correlation coefficients were tested for significance,
Significant level for the analysis was 0.05.
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CHAPTER 4

4.0 ANALYSXIS AND PRESENTATION OF DATA

The study evaluated achievement of students of
the three trzatment groups measured by the post
test on statistics. Retention of students was
measured by the rotention test identical to the
post test on statistics but administered ten weeks
after students have completed the programmed course.
Time the P4, P2 and P3 students of the three
treatment groups needed to complete the programmed
coursa was measured by the tutors. An important
cmlﬂaratim of the study was the change (if any)
in attitudes of studenta of the three treatment
groups towards mathanatics after the students have
complated the programmed course, measured by the
two identical questionnaires, ones administered
prior and one after programmed instruction.

Correlation coefficients were calculated for
the scores of (1) achievement post test on statistics
and (3i) (a) silent Reading Test
(b) PFive Dots Test
(c) Uorking with Numbers Test
All the correlation coefficlents were tested for
significance. Atlalyses were carried out by the author
using a pocket calculator,
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Praﬂggtation and analysis of the pretests results.

Students were pretested on the knowledge of
statistics, reading abllity, and attitudes towards
mathematics. The means and standard deviations
were calculated for each pretest. They are given in
tables 8 to. 15. All the figures are approximated
to 2 decimal places.
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TABLE 8
HKEANS FOR THE SILENT READING TEST

Students Treatment A Treatment B Treatment C

Pl 24 .94 26.05 23,50

P2 22.69 24.36 22,40

p3 19.40 21.96 17.55
TABLE 9

STANDARD DEVIATION POR THE SILENT READING TEST

—

Students Tecatment A Treatment B Treatment C

——

Pi 5.8% 3.31 721
P2 4,48 S.31 283
P3 6.31 7«59 3.77



TABLE 10

MEANS POR THE FIVE DOTS TEST

k. o}
o S -l ]

sStudents Treatment A Treatment B Treatment C

P1 11.29 13.45 12.29

P2 8.61 13.21 10.00

P3 Te24 9.20 5.80
TABLE 11

STANDARD DEVIATIONS FOR THE FIVE DOT3 TEST

===

N

Students Treatment A Treatment B Treatment C

e —

P11 3.56 2.56 3.56
P2 293 3.48 4.56
P3 3.37 350 2.89

A T I e SR e s (Y B ]
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TABLE 12

MEANS POR WORKING WITH NUMBERS TEST

Students Treatment A Treatment B Treatment C

| g | 8.76 7.83 T 8,210
p2 7239 8.27 6.28
P3 5«19 S.67 577

TARLE 13

STANDARD DEVIATIONR FOR WORKING WITH NUMBERS TEST

——— S~ — -

Students Treatment A Treatment B Treatment C

o | 2.12 1.95 L2«67
P2 259 2.00 254
P3 2.46 2.47 2.04
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TABLE 14

MEANS FCR THE PRE-TEST ON STATISTICS

Students Treatment A Treatment B Treatment C

P1 11.12 18.95 20.64
P2 14.22 19.68 14.20
P3 B8.00 15.29 40.90

TABLE 15

STAKNDARD DEVIATIONS FCR THE PRE~TEST ON STATISTICS
| R —

Students Traatment A Treatment B Treatment C

- P

P1 8.94 5.83 %a 70
P2 6.01 8.00 8.40
P3 V.62 10.37 9,92
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Figqure 13 Performance of students in Silent

Reading Test.

Scores

o
O

= e
T

——— & _—

P1 P2 P3

Students

performance of students of the
Traatment A

= am— - porformance of students of the
Treatment B

sessncsessessses DErformance of students of the
Treatment C



Flqurg 2: Performance of students in Five

Dots Test.

Students
——PEr fOrmance of gtudents of the trecatment A

e performance of students of the treatment 5

ssssessees performance of students of the treatment &



69

Fiaure 3: Performance of students in Working
with Numbexs Test.

Students
porformance of students of the treatment A

performance of students of tlm_traaﬂent 8

Ao ReEGSTrORO W

performance of studeats of the troatment C
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Flgure 4: Performance of students in the pre-test

Scores

] i
r1 P2 P3

Students
performance of students of the treatment A

w porformance of students of the treatment B

ceesscasscaes performance of students of the treatment C
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AMOVA was used to £find out if there were any
significant differences between the means of
students of the three treatment groups with
raspect to the scores of pre-test on statistics,.
The results are given in the table 16,
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TABLE 16

SUMS OF SQUARES, DEGREES OF FREEDOM AND CALCULATED
F RATIOS FOR THE PRE-~-TEST ON STATISTICS

Source of SS SSw de af P S.L.
variance

Groups A,B
and C 1660.12 14583.00 2 180 10,25 0.05 0.017

P1,P2 and
P3 in group
A 408,47 3806.88 2 57 3.086 .

Pi,P2 and
P3 in group
B 264.42 4787.35 2 66 1.82 .

P1,P2 and

P3 in group
C 788.10 4528.22 2 S1 4,44 0,05,

P1 in groups
AB and C 848.11 3277.93 2 48 6«21 0.05,

P2 in groups
Ay, B and
C 451.11 3841.75 2 60 3.52 0,05

P3 in groups
A,B and C 657.44 €002.76 2 66 3.61 0.05

* p V0.05
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Post teast on statistics was administered
to students two days after the completion of the
programmad course. The means and standard

deviations were calculated and are given in tables
17 and 18,
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TABLE 17

MEANS FOR THE POST TEST ON STATISTICS

Students Treatment A Treatment B Treatment C

P1 74.71 74.75 70.29

P2 62.72 66.40 54.85

P3 53.96 53.21 47.20
TABLE 18

STANDARD DEVIATIONS FOR THE POST TEST ON STATISTICS

Students Treatment A Treatment B Treatment C

P1 13.02 42.67 18.21
P2 11.98 13.76 12.36
P3 16.86 8.63 16 .28
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Performance of students in the posat test

on statistics

Students

parformance of studenta of the treatment

A in the post test on statistics

a—wmm————- Derformance of students of the treatment
B in the post test on statistics

sesseeness pErformance of students of the treatment
C in the post test on atatistics.



76

If there were significant differences
found between the means of students of the
three treatment groups with respect to the scores
of the pre-test on statistics, ANCOVA was used
for the analysis of post test on statisticsa.
Means for the post test on statistics were adjusted
and are given in the table 19.
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TABLE 19

ADJUSTED MEANS FUR THE P.ST TEST oW STATISTICS

Students Treatment A Treatment B Treatment C

= S

P1 78.92 73.16 67.24
P2 $5.20 62.61 57.35
P3 57.22 49,44 47.66




Table 20 shows the adjusted sums of squares,
degrees of freedom and calculated F ratios

for the post test on statistics.

If no significant differences existed in
the scores of the pretest on statistics ANOVA
was used for the analysis of the post test.
No significant differences were found between tha

meang of:
(a) P14, P2 and P3 students of the treatment A

(b) P11, P2 and P3 students of the treatment B,
Table 21 shows the sums of squares, degrees of
freedom and calculated F ratios in the ANOVA

teat for the scores of the post test on statistics.

L
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TABLE 20

ANCOVA = ADJUSTED SUMS OF SQUARES, DEGREES

OF FREEDOM AND CALCULATED F RATICS.

1 1 1
Source of 5Sp SS,1 d!B df, F Bele
variation
Graups A, B
angd C 2087.11 32785.66 179 S.70 0.05
P1,P2 and
P3 in group
c 0.36 7920.91 50 0,001 *
P1 in groups
P2 in groups
Ay B and
4 582.37 5303.18 5% 3.24 0.05
P3 in groups
Ay B and
[ 581.13 10921.02 &5 1.75 -

e 970-ﬂ5
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TABLE 21

SUMS OF SGUARES, DEGREES OF FREEDCM AND CALCULATED
F RATIOS FOR THE AMOVA IN POST TEST ON STATISTICS

Source of SSg 53, afp afy « F sSEb

varliance

P1, P2 and

P3 in group

A 4356.83 22574.11 2 57 %S5.88 0.01
_ 0.05

P1y P2 and

P3 in group

B 5246.58 12033.72 2 66 14.39 0,01

0.0S




Retention post test was administered to
students ten weeks after the completion of the
programued course. Means and standard deviations
were calculated and are given in tables 22 and
23.
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MEANS FOR THE RETENTION TEST

— - S

Students Treatment A Traeatment B Treatment C

1 S3.76 54.55 £42.79

P2 44.72 50477 3%2.85

P3 37.12 38.75 33.85
TARLE 23

STANDARD DEVIATIONS FOR THE RETENTION TEST

LNt et At SO e S —————

Students Treatment A Weeatmant B Treatment C

P1 1424 22.69 12.29
P2 16. 26 17.07 10. 20
P3 15.24 B8.34 1175




ANOVA vwas used for the analysis of the
ratention test and results are shovm in table 24.

Pretest on attitudes towards mathematics
was administered before the programmed courses
The identical questionnaire on attitudes towards
mathenatics was administered to students two
days after the completion of the programmed courses
Means were calculated for each item and Chi sguare
was used to find 1f there were any significant
differences in attitudes towards mathematics
prior and after programmed instruction. The
results are shoun in tables 25, 26 and 27.

Pearson Product Moment correlation coefficients

were calculated for the scores of
(1) post test on statistics and
(11) (a)sSilent Reading Tast
(b)rive Dote Test
(c)working with Numbers Test.

t test was used to find if correlation coefficienta
were significant. The results are showum in tables
28, 29 and 30,
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TABLE 24

SUMS OF SQUARES, DEGREE O FREEDOM AND CALCULATED
F RATIC I8 THE ANCVA TEST FOR THE RETENTION TEST

L __Bds e 5ie PN R ConitmiSal]

Source of SS5p S8y afy Afyy -
variance

P1,P2,P3

in group A 2760 & 12943 2 57 6.09
P1,P2,P3

in group B 3070 9054 2 66 11.19
P1,P2,P3

in group € 435:12 8138,8S 2 51 0.39°
P1 in groups

Ag By C 1310 6740 2 48 4,66
P2 in groups

Ay By C 2130 13217 2 60 4.83
P3 in groups

Ay By C 150 2377 2 66 2.81°

L e — Y

P> 0,05
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TABLE 25

THE MEANS FOR EACH ITEM FOR THE QUESTIONNAIRE
ADMINISTERED PRIOR TO THE PROGRAMMED INSTRUCTION(M1),
AFTER THME PROGRAMMED INSTRUCTION (M2) AND THE
CALCULATED CHI SQUARES.

Item M1 M2 Chi sguare
1 «{) .06 -0a71 5«20
2 «{).59 -1e12 2445
2 =159 w1.65 0.10
4 -=1.06 -=1.00 1.32
S «4,65 -1.00 1.00
6 «0.82 -1.00 1.35
7 -0,88 =0e35 1.80
8 -0.06 0.00 0.29
? 1.18 1.29 3,123
10 0.94 1.29 3.21
11 =)o 65 Oe29 6.67
12 -Dadl O.24 2.87
13 wl) e 24 0.65 4,41
14 =021 -1.76 2075
15 0,29 0.06 1. 16
16 0.00 0.65 4.07
17 =DaS3 =165 11.26*
19 0.41 0.18 0.20
19 041 1.18 S.94
20 0.47 0.88 3.53

I (e R
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TABLE 26

THE MEANS FOR BOTH QUESTIONNAIRES AND THE

CALCULATED CHI SQUARES FOR EACH ITEM

ftem M1 M2 Chi square
1 =0.04 -0.76 4.89
2 -1,28 -1.32 3.39
3 -1.76 1.52 2.03
4 -1032 -1.16 4.47
5 -0.68 ~0.68 0.00
6 -1.24 -1.24 1.25
7 =0, 68 -1.08 2.94
8 0.00 ~1.12 9.21*
9 0.96 0.84 3.00
10 1.44 1.52 2.30
11 0.64 0.76 0.11
12 ~0.32 0.04 3.32
13 0.48 0.36 3,76
14 -1l.08 -1le12 1.28
15 ~0e16 0.04 0.38
16 =0,64 0.00 0.74
17 0,40 ~0+76 1.82
18 -0.16 0.08 1.31
19 1.04 0.92 - 2.38
20 1.32 l1.12 3,27

P ( 0,05
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TABLE 27

THE MEANS FOR BOTH QUESTIONNAIRES AND THE
CALCULATED CHX SQUARES

Item M1 M2 Chi square
1 0.79 =0.29 13.49*
2 =04 50 -0.71 2458
3 -1.64 -1+21 2.51
4 -0. 71 -0.71 1.46
5 0,93 «(e93 1.30
8 =0, 64 0.29 .92
7 -0, 36 -0.86 1.47
8 0.36 -0.,07 1.89
9 1.07 1. 14 0.19

0 0.23 1.22 1,29

11 0.36 1.21 4.13

12 -(ad3 0.07 1e29

13 =0029 0«36 2:29

14 «0.,86 =1,07 0.86

15 0,43 0,29 2.60

16 0.21 0.29 0.44

17 =657 «1.00 1.34

18 0.00 -0.2% 0.31

19 0.21 0.79 0.83

20 057 0.59 0.20

->

p{ 0.08



TABLE 28

CORRELATION COEFFICIENTS BETWEEN THE SCORES OF

SILENT READING TEST AND POST TEST ON STATISTICS

Students Treatment A Treatment B Treatment C
P1 0,77° 0.81* 0.32*
P2 Q.55" 0.22 0., 79°
P3 0.59* 0.86"* O.87*
X 0.64° 0.63° 0.66*

= p& 0.05

TABLE 29
CORRELATION COEFFICIENTS BETWEEN THE SCORES OF
FIVE DOTS TEST AND POST TEST ON STATISTICS

Students Treatment A Treatment B Treatment C
P11 0.29 0.90* O0.54°*
P2 0.80* 0.31 0.13
P3 0.41"* 0.95* 0.77%
X 0.50° 0.72* 0.57*

- p( 0.05
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TABLE 30

CORRELATION COEFFICIENTS BETWEEN THE SCORES
OF WORKING WITH NUMBERS TEST AND POST ON

STATISTICS

Students Treatment A Treatment B Treatment C

Pl 0.45* 0.54° 0.39
P2 0.21 0.43° O.28
P3 0.54°* 0.55* 0.34
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Mean time and standard deviation sach
group needed to complete the programmed course
waere calculated and are given in tables 31 and 32.
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TABLE 31

MEAN TIME NEEDED FOR EACH GROUP TO COMPLETE
THE PROGRAMMED COURSE (IN HOURS)

N

Students Traatment A Treatment B Treatment C

Pi S5.29 3.50 3.00
p2 6.50 4.00 4.00
P3 6,84 5.33 5.00

TABLE 32

STANDARD DEVIATIONS FOR THE TIME EACH GROUP
NEEDED TO COMPLETE THE PROGRAMME

= SR
— e

Students Treatment A Trestment B Treatment C

P31 0.96 0.92 0.00
rP2 157 0.50 0.00
P3 1,49 1.18 0.00
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Results
Significant differences in the post test

on statistics were found between the students
of the three treatment groups A, B and C.
Students of the treatment A performed signifi-
cantly better in the post test on gtatistics
than students of the treatments B or C

( &€ = 4,05, 126 d.f.). Students of the
treatment B performed significantly better in
tho post test on statistics than students of
the treatment € (€t = 2,77, 120 Q.f.)e The
aull hypothesis that there is no significant
dlfforance between the means of students of
the three treatment groups A, B and € with
regpect to the post test on statistics was

rejected,

P1 studonts of the treatment group A performed
gignificantly boetter in the post test on
statistice than P2 or P3 students in the same
troptment group (€ = 2,75, 33 defe)e P2
studaents of the treatment group A performed
significaently detter in the post test on
statintics than P3 students in the sane
treatment group ( € = 1.95, 41 dufe)e
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The null hypotheses that there is no sig-
nificant difference between the means of
Pl P2 and P3 students in the treatment
group A with respect to the poat test on
statistics was rejected.

P4 students of the treatmant B performed
significantly better in the post test on
statistics than P2 or P3 students 1ln the
same treatment group ( £t = 2.07, 43 d.f.).
P2 students of the treatment B performed sig-
nificantly better in the post test on
statistics than P3 students in the aame
troatment group {( € = 3,37, 47 d.f.). The
nuli hypothesis that there is no significant
diffarence between the means of P1l, P2 and
P3 students of treatment B with respect

to the post test on statistics was rejected.

Thege was no significant difference bhbetween the
sieans of Pi, P2 and P3 students of the
traatment C with respect © the post test on
statistics scores. The null hypothesis that
there is no significant difference between the
means of Pi1, P2 and P3 students of the treat-
nent € with respect to the post test on
statistics gcores was accepted.
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There wvas no significant difference

between the means of P1 students of the

three treatment groups A, B and C with
respect to the post test on statistics scores.
The null hypothesls that there is no signif-
icant difference between the means of P1
students of the three treatment groups A, B
and C with respect to the post test on statise

tics scores was accapted.

There was a significant difference betweaen the
means of P2 students of the three treatment
groups A, B and C with respect to the scores
of the post test on statistics,

There was no significant difference between

the P2 students of the two treatmeants A and B

f €t = 1.07, 36 d.f.). P2 gstudents of the
tregtments A and B performed significantly
botter in the post test on statistics than P2
students of the treatmant C ( €t = 2,56, 43 d.f.).
The null hypothesis that there is no difference
botusen the means of P2 students of the three
traatment groups A, B and C with regpect to

the pogt test on statistics scores was raeljected.
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There was no significant difference hetween
the means of P3 students of the three
treatment groups A, B and C with respect

to the post test on statistics scores. The
null hypothesis that there is no significant
difference between the means of P3 students
of the three treatment groups with reapect to
the post test on statistics scores was

accepted.

There was a significant positive correlation
botueen the scores of
(i) post test on statistics and

(i) (a) Silent Reading Teat
(b) Five Dots Test

{(c)} Uorking with Numbars Test.
The threo null hypothesés that there is no
significant correlation between the scores of

(L) Silent Reading Test and post test on
Statistics

{11) FPive Dots Test and post test on statistics

(319 )orking with Mumbers Test and post test
on statistics were rejected.
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There was a significant difference between

the means of P11, P2 and P3 students of the
treatment A with respect to the time needed to
complete the programmed course ( P = 6,23, 2,57 dufa)o
P41 studenta in group A took significantly shorter
time to complete the programmed course than P2

or P3 students in the same group ( t = 2.65, 33 d.f.).
There was no significant difference in time
needed to complete the programmed course

between P2 and P3 students in group A. Pl

astudents of the treatment group B took sig-
nificantly shorter time to complete the

progranmed course than P3 students in the same
group ( t = 7.60, 22 d.f.,). There was no
aignificant difference between Pl and P2

students of the treatment group B with

respect to the time needed to complete the
programmad course. P3 students of the treatment B
took significantly longer to complete the pro-
gramned course than P2 students in the same

group ( £t = 3.60, 22 d.f.). No significant
difference with respect to the time nesaded to
complete the programmed course was found

betwaen P1 students of the treatment groups C

and B P1 students in the treatment group A

took significantly longer to complete the
programmed course than P13 students in the
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treatment groups Bor € ( £t = 4.75, 26 G.f.).
P2 students in treatment groups B or C took
significantly shorter time to complete the
programmed course than P2 students of the
ireatment group A ( €t = 6,29, 29 d.f.). P3
students of the treatment groups B and C took
significantly shortexr time to complete the
progrermed course than P3 students of the
treatment group A ( £ = 3.34, 36 duf.)e The
null hypothesis that there §s no significant
daifference between the means of students of
the threo treatment groups A, B and C with
raspect to the time needed to complete the
proegramued course vas relected.

Significant difference in the attitudes

temards mathematics questionnaires for the
students of the treatment group A was found

in Rtam 17 (For a teacher it is more important
to -Be good in English than to know Mathematics)e.
The disagreement with the statemsnt was signi-
ficantly stronger in the questionnaires
atninistered to students after they have compe-
iaoted the programmed course. Por the students
of the freatment group B the significant
diffevrence in attitudes towards mathematics
coturryed in fitem 8 (I do not feol sure of myself
in mathamatics). Significently larger nunber
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of students disagreed with the ahbove
statenent in the questiconnaire administered
to students after they have completed

the programmed course.

For tha students of the treatment group C

the significant change in attitudes towards
math_—albics occurred in item one (I would like
to teach English more than I would like to
teach Mathematica.

More students disagreed with the above gtatement
in the guestionnaire administered after the

programned Coursd.

P1 students of the treatment group A parformed
significantly better in the retention test
than P2 or P3 students of the same group

( £ = 2.76, 33 def.)s No significant
diffarence was found between the neans of

P2 and P3 students of the treatment group A
in rotontion test ( t = 1.56, 42 d.f.). The
mull hypothesis that there is no significant
dicfarence between the means of P1, P2 and P3
students of the treatment A with respect to the
rotention test was rejected.



P41 and P2 students of the treatment group

B performed significantly better in the
retention test than P3 students of the same
group ( t = 3,05, 47 d.f.). No significant
difference was found between the means

of P2 and P3 students of the treatment group
B in zretention teat ( £t = 0,62, 43 d.f.).

The null hypothaesis that there is no significant
differance batwsen the means of Pi, P2 and P3
students of the treatment B with respect to
tha scores of the retention test was rejected.

The nuil hypothesis that there 13 no signifi-
cant difference betwean the means of P1l, P2

and P3 students of the treatmant C with respect
to the retention test was accepted.

P11 students of the treatment groups A and B
pecfaormed asignificantly better in the
ratantion test than P1 students of the
troatment C, No significant difference was
found khetween the means of P1 students of

the treatment groups A and B in retention

teat ( €t = 0.22, 35 d.f.)o The null hypothesis
that there is no saignificant difference
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betwveen the means of P1 students of the three
treatment groups Ay, B and C with respect
to the retention test was rejected.

There was no significant difference in
retenticon test between the P2 students of the
freatment groups A and B ( ¢t = 0.72, 41 d.f.)
and botween the P2 students of the treatment
gooups A and € ( € = 1.09, 36 d.f.)e P2
gtudents of tha treatment group B performed
aignificantly better in the retention tast
¢han P2 students of the treatment group C

{ £t = 2,22, 43 d.f.)s Ths null hypothesis

that there is no dignificant difference between
the moans of P2 students of the three treatnent
with rospect to the retention test was
rajocted,

The oull hypothesis that there is no significant
difference batwaen the meoans of P3 studenta

of the three treatment groups A, B and € with
rospect €to the retention test was atcepted.

4.2

Looking at the results the author concluded
that ang mode of presenting programmed
material to atudents is more effective than
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the other with regard to the achievement

of students., Individual programmad

learning produced higher achievement post

test scores than programmed learning in

pairs or progronmad learning in larger groupse
Programmed learning in pairs was more
succaessful with respect to the achievement post
test than programmed learning in larger
groups. P1 students vho went through the
programmed course individually or in pairs
parformed significantly bettear in achievemant
post test than P2 or P3 students. P2 students
vho vywent through the programmed course
individually or in pairs performed gignificantly
botter in the achievement post test than P3
students. No significant difference in the
achiavemant pogt test was found hetwezen P1,

P2 and P3 students who went through the prow-

grameed course in Iarger groupSe

No aignificant differcnce in the achievement
post tast was found betwean P11 atudents of
tha threo troatment groups.

P2 stuwdents who went through the programmad
course individually or in palrs performed
significantly better in the achiovement poat
tegt than P2 atudents who went through the
programme  in larger groups. Ho asignificant



102

alfferencea in the achievement post test
was found between the P3 students of the

three treatment groups.

Thors was a significant positive correlation
between the scores of :

(1) Achigvement post test and
(8i) ta) Silemt Reading Test
{b) Five Dots Test

(c) Working with Numbers Test.

students who went through the programmed course
in largor groups saved on time as compared

to students who went through the programme in
pairgs. Palirs saved on time as compared to
individual studenta. P1 students completed the
programme in shorter time than P2 students.

P2 ptudents needed less time to couplete

the programme than P3 students.

P14 studants who went through the programmed
course individually or in pairs performed
gignificantly better in the retention test than
P2 or P3 gstudenta. o significant difference
in the retenti-n test scores was found between
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P1, P2 and P3 students who went through the
programme in larger groups. P1 students who
vent through the prograrmed course individually
or in pairs performed significantly better in
the retention test than P1 studemts who went
through the programme in largex groups. No
significant gifference in the retention test

scoras was found betueen

(i) the P2 atudents of the thrae treatment
groups

{11) the P3 students of the three treatment
grEOUDPS .«
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CHAPTER S

S.0 SUMMARY

The study involved the comparison of the
threeo modes of presenting programmed material to
the first year students in primary teacher training
colleges in Kenya in their learning of Mathematics.
Individual programmed learning was compared with
programmed learning in pairs and programned
learning in larger groups. The subjects in tha sample
were 183 P1, P2 and P3 students from three randomly
selected primary teacher training colleges in
Kenya. The programme used was a linear programme
on statistics. The study evaluated the achievement,
attitudes,and retention of students. Correlation
coefficients between the scores of achlievement post
test and scores in tests of reading and mathematical
abilitlies were calculated and tested for signifi-
canca. Another important variable measured in the
study was the tima different groups of students
needexd to coumplete the programme,

Achievement of students was found to be
dependant upon the mode of presenting programmed
material to students and upom thelr previous academic
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qualifications. Students who went through the
programmed course individually performed bhetter
in the achiovenment post test than students who
went through the programme in pairs or in
larger groups. Pairs performed better in the=
achievament pogt test than larger groups. There
was no significant difference in the scores of

the achievement post test between
(1) the P31 students, and

(ii) the P3 students of the three treatment
groOuUpSe

significant difference existed for P2 students

of the three treatment groups. P11 students in all

treatment groups performed better in achievemant

post test than P2 students who in turn did better

than P3 students.

There was a significant gain in time needad
to complete the programra for Pl students as
conpared to P2 or P3 students. Programmed
learning in larger groups took less time than pro-
grammad leaorning in pairxs or individual programmed
loarninge Students who went through the programmed
course in pairs took less time than atudents who
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went through the programme individually. There
was a high positive correlation betueen the scores
in tests of reading and mathematical ability

and achicvement post test. Retention of students
was found to be dependent upon the mode of pre-
senting programmed material and students® previous
academic qualifications. No siginificant changes
in attitudes towards mathematics took place (axcept
for ance item) although the masns of the post test
attitudes towards mathematics gquestionnaire suggest
more positive attitudes towards the subject.

S.1 _Limdtationg of the st.dy.
Tha gtudy had several limitations and the most
important ones are listed below.

1. Studants® genexral ability vas not
meagsured as no proper meagure exist, The
achievement of students in the post test
on gtatistics could be related to the
genaral abllity of students.

2. EBmoticnal and mental state of gstudents
vvas not taken into account as it is very
difficult ' to measure it. The enotional
state of puplls could influence the results.
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Variables like age of tutors, sex of
tutors, axperience, motivation, per-
sonality, and grade of tutors were not

controlled.

Soclco=aconomic background of students was
not controliead.

Motivation of studants was not controlled
as it is wvery difficult to measure it.

o attampt was made to compare the achieve-
ment and the retention of students with
their attitudes towards mathacmatics.

Students® reading and mathematical adility
was not taken into account in the analysis
of the achicvement post test and reteantiom
test. AS the correlation coefficients
detween reading and number work testa and
post test on statistics were high students®
reading and mathemafical ability could
influence the results.

The programe used in the study was too

short for wider genaralisation. The duration

of the cxperiment was not long enough for
any sigmificant changes in attitudes towards
matharatics to occurx.
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Students were aware that they were
participating in the experiment and were
excited about it. Programmed course
presentad to them a break in their usual
schodl routine.

Difforencaes in the results (for Pi students
of the threa treatment groups, P2 students
of the three treatment groups, P3 students
of the three treatmsnt groups) could be
partly attributed to the diffarencaes hetueen
tha three colleges.

Pinancial and adninistrative problems did
not allow to include more colleges or to
assign treatments randomly to classes and
not o colleges.

Se2 FEindingg
Bagsed on the results of this study the author

raoached thoe following conclugionas

1.

Tha three mndes of presenting prograommed
material to the £first year students in the
primary teacher training colleges in Kenya
in their lemxning of mathematics are not
equally effective with recapect to the
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achievement of students. Individual
programmed learning produced higher achieve-
ment post test scores than programmed
lcarning in pairs. Programmed learning

in pairs produced higher achievement post
test results than prograrmad leariilrng in
larger groups.

P1 students performed bettexr in achievement
poat test than P2 students who in turn
parformed better than P3 students.

The P2 students whoe went through the programme
individually or in pairs performed signi-
ficantly better in the achieovement post tost
than P2 students who went through the programug
in larger groups. This difference in perfom-
anca in the achievement post test did not
exiat for P1 and P3 gtudents of the three
traatment groups.

There was a significant positive corralation
botween the scores of

{a) achievement post test and

(b)) (1) silent Reading Test

(i1) Pive Dots Taest
(1£4) YWorking with Numbors Test.
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There was no significant change in
attitudes towards mathematics prior
and after programmed instruction.

Students who went through the programme

in largar groups took significantly

shorter time to complete the programme

than gtudents who went through the

programae in pairs. Students who went through
the programme in pairs took significantly
shorter time to complete the programme

than students who went through the

programme individually.

P1 students of any of the three treatment
groups tock significantly shortar time

to camplete the programme than P2
students. P2 students took considerably
shorter time to complete the programme
than P3 students.

P1 students performed significantly better
in raetention test than P2 gtudents. P2
studanta performed significantly better
in the same test than P3 students.
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9., Retention of students was dependent upon
the mode of presenting programmed material
to them, P11 and P2 students who went
thraough the programme individually or
in pairs performed significantly better
in the retention test than P1 and P2
students who went through the programme

in larger groups,

dmplications.

Programmed learning has a very important place
in primary teacher training colleges in Kenya.
Individual differences among primary teacher
training college students in Kenya with respect
to their educational background, general ability,
motivation, and the short time students spent

in the ¢college covering a wide range of academic
and professional topics suggest that programm-— .
ed 2learning might be a more effective method
than the present lecture method. Taking into
account the individual differences among the
students it could be concluded that individual
pProgrammed learning is more effective than
Programmed learning in groups. Progrﬁmmed
learning is likely to change students®' attitudes
towards mathematics as it would give them a much
needed confidence that they could master the

subject matter,
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The achievement of students in statistics

in primary teacher training colleges in

Kenya is affected by the mode of presenting
programmed material to them and by students'
previous educational background. Retention

of students which have undergone a programmed
course was found to be dependent upon the mode
of presenting programmed material and students'

previous educational background.

Programmned learning is strongly recommended
for primary teacher training colleges in Kenya,
There is an urgent need for good locally
written programmes covering the mathematical
topics for primary teacher training colleges
in Kenya. A special department should be
established with the Ministry ©of Education,
which would organise workshops for tutors ot
of teacher training colleges and help them
write the programmes. The programmes cculd
then be tried out in teacher training colleges
and the successful ones could be widely used.
The department could help teacher educators
with necessary advice and materialg I€ could
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supervise the much needed research into
programmed learning in mathematics in primary
teacher training colleges in Xenya. More
research 1s needed using longer programmes
and on the wider scale, before programmed
learning in groups is disregarded as
unsuitable for primary teacher training
colleges. Size and structure of the group
and selection of the students in a pair might
be an important factor influencing the
_achievement and retention of students. A study
comparing the performance of students in
homogenous and heterogeneous palrs should be
carried out before the author can recommend

or not recommend programmed learning in pairs.
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APPENDIX A

Pro used in the study:

Statistics for teachers.

Inatructiona to the student.

The programmed text is quite different
from an ordinary textbook. A programme consist
of the large number of frames, numbered 1, 2, 3 cces
Each frame tells you something and asks questions
ahout the material you have learned.

!Bu should work at your own pace. Read.
each frame carefully and write the answer on the
plece of paper. Then check your answer and see if
you are right. If your answer is correct, go
ahead to the next frame. If you are wrong, read
the frame agalin. Practise with the following

framess

1. Uhen a blank has nothing on it in brackets, you
simply £i11 in vhatever best fits the blank.
for emampla, the day of the week that follows

, Priday 18 ___ -
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Yhen a blank has two answers in the brackets,
you select the one that fits best. For

example, a dog (is/is not) an animal.

Let us begin 1 Start with frame 1 !

Suppose you are a teacher and you would like

to find out how well your pupll can Judge
distance. You couid stage an experiment. Put

a target, an object that can be well seen some
distance in front of the pupil. Ask the pupil
how far away the object is. You would be
interested in the difference between the distance
the pupll reported and the teve

of the target.

You could move the target after sach of the
pupli's judgement asking the pupil to judge
each new distanes.  You could collect many
di€forent judgements of the distance by
changing the distance betwesen the target and
the -

Wa refer to something that does not change -
during an experiment as a CONSTANT. If the
distance between the pupil and the target does
not change it (would/would mot) be a constant.

oy

£
kT
=3
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Opposite of the constant is a VARIABLE.
Variable is something that changes during
an experiment. In our experiment the
distance between the pupil and the target

varies, so we would refer to it as a -

You might want to test how well your pupils
remember things. For example, you might
read a 1list of six letters. If the letters
were my,t,s,ps;g9,k and the pupll repeated
m,t,s,p,g9,1 the pupil would have repeated

only letters correctly.

Suppose you gave your pupil another set
of gsix letters to repeat. If the letters
were p,f,t,m,s,r, and the pupil repeated
Psf,t,g,k,n he would have repeated only

letters correctly.

You could continue the experiment giving your
pupil many different sets of six letters and
ask your pupil each time to repeat the
letters. Since the number of letters to be
repeated would always be six, the number of

letters would be a (variable/constant) in our
experiment.
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Every time the pupil repeated the letters

you could record how many of them he got co-
rrectly. You would call this number of letters
repeated correctly an OBSERVATION or a SCORE.

If the pupil repmated four out of six letters
correctly his score would be four. If »
pupil repeated 3 letters correctly his score
would De a

If the pupil repeated all the letters
correctly his score would be sizx. If the
pupil repeated no letter corractly his score
would be zero. The lowest posslible score in
our experiment would be zero and the
highest possible score would be when

all the letters ware repeated correctly.

Pupil’s score in our aexperiment can not
be greater than and smaller than b

Because the pupil's score changes in our
egporiment 1t is called a »

All the possibls scores that a pupil could get
are 05392939445 and -

o ik A R VT 4 ]

Liefillsde
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Each number from sero to six could be

a possible score in our experiment. The
variable we are interested in the experiment
is the number of letters repeated correctly
by the pupil. UWe would say that each score
from zero to six is a possible value of

our variable. 3 (would/would not) be a
possible value of our variable.

The smallest possible value of our variable
would be sero and the largest would de -

e have used the term varlable for things
that change in our experiment. e call things
that do not change in our experiment =

There are many variablesa teacher might

want to observe in the clasarocom. A teacher
might be interested to know how tall his
pupils are. As pupils are likely to have
different heights;our variable would be the
height of pupils. If a teacher wants to
£ind out about the weight of his pupila

then the welight would be a in

his experiment.
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The variable observed very often in the
classroom by a teacher is the behaviour of his
pupils. A teacher might want to know how well
his pupils have mastered the topic, how fast
they can run, how well they can remember etc.
If a teacher wants to observe how well his
pupils have understood a topic in mathematics
he could give them a test. The marks pupils
got in the test would be values of the

the teacher is observing.

If his mathematics test was marked out of
20 then the highest possible score a pupil
could receive would be if the pupil

answered all the questions correctly.

If the pupil got all the items wrong in the
mathematics test his score would be (zero/ten).

The varliable observed by a teather in mathematics
test .is the understanding of the topic in
mathematics. The marks pupils get are the
values of the variable. If the test is marked

out of 20 then any number bhetween zero and

could be a possible value of the variable.
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After the teacher has marked the test
he would record the marks. The record would
be called DATA. If ten pupils' marks in
mathematics test were 2,0515,7511,16,3,6,19,11
then these marks when recorded by the
teacher would be called .

The marks in the frama 21 (2,0,1,7,11,16,3,
6419,11) are our data. No pupil scored a

mark of 10 so 10 is not our data but it is
possible value of the variable observed in

the test. 11 (is/is not) our data and it is
also our possible value.

We refer to the (oggggedlnosnihlg) value of a

varlable as data. A 1list of all the possible
values could not be considered data. In

the mathematics test of the previcug frame 8

would ba a possible value but it is not data

as no student got the mark of 8 in the test.

A variable is something that (changes/does not
hange) din the experiment. Scmething that

does not change in an experiment is called

Data 48 the list of all the (possible/observed)

values of the variable.
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25, It is often useful to distinguish between

26

27

continuous and discrete variable. If you
were to count the number of puplls in your
class it would be possible to have 30 or 40
pupils but not 38%. This kind of variable
is called a discrete variable since there
are no values of the variable between 38 and

39, 40 and 41 or 30 and .

on the other hand the variable called length
is an example of a continuous variable. No
matter which particular pair of length you
considered it would always he possible to have
a length between the two. 150% would be
between 150 and 151, 166% would be between

166 and 167, 170% would be between 170 and

Discrete variables are measured by counting

and continucus varliables by measuring.

Any collection or group of things can be counted.
Counting tells us the number of things that are
in the group. We could find the number of eggs

in the basket by them.




28. Nairobi 1is a name of the capltal of Kenya.
We refer to the person's helght with the
name such as tall, short. We refer to the
number of things in the group with the
name such as ten, five, two. Red would be the
name of a particular colour and twenty would

be the of a particular number.

29. Three, seven, fifty are the names of particular

30. There are different ways of presenting the
same number. Number could be

presented as 12, XII or twelve.

31. Number is a charactristics of the group or
collection of things. The names such as ten,
two, four that are used to represent these
characteristics are called numerals. Number
ten could be written down as ten or 10 or in

Roman numerals as -

32. Names such as red, tall, Nairobi are not the
names of numbers so they are not numerals. Of

the two names six and red, is a numeral

since it is a name of a particular number.
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The number 1s often referred to as a variable.
The variable called number has different part—
icular values. Just as red, green, blue are
names of particular values of the variable

called colour so are 10, 15, 21 eceee«

of particular values of the variable called
number,

Numerals are often used to represent charac-
teristics of thinés other than numbers, such
as weilght, length, temperature, age. When
we say that a pupll 1s 14 years old we are
using numeral 14 as a name of a variable
called age. When we say that the stick is
Scm long we are using numeral 5 as a name of

the variable called -

We have to be careful when numerals are used
to represent characteristics other than
numbers. It makes sense to say that 20
pencils are twlice as many as 10 pencils

or that 10kg. is twice as heavy as Skg

but we (can/cannot) assume that car no 20

in the East Africa Safari is twice as

fagt as car number 10. Number 20 on the
car does not necessarily imply anything

more about the car than the time of entry

or category.
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36. When we toss a die we could get 6 possible
values. Those values are 1,2,3,4,5,6.
Thus, any number between 1 and 6 (is/is not) a

possible value of the variable "toss a die,"

37. Each value of the wvariable "“"toss a dietis

represented by the numeral. "Toss a die"

is an example of (numerical/non numerical)

variable.

38 When we toss a coin we could get "head or
tall" as the possible values. Therefore "toss

a coin" 1s an example of (numerical/non numericai)

variable.

39. When we toss a die, we can get 1,2,3,5, s
and 6 as our possible values. If we tossed a
dle 3 times and we got 4,2, and 1 then
4,2, and 1 would be our data. It we tossed
the die 7 times angd got 1,1,6,4,3,6,5, then

our data would be -

40. If we tossed the coin five times and we got
head, head, tail, tail, head, then our

data would consist of 3 heads and tails.
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42.

43.

44.

45,

46.
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If we togsed a die 3 times and got 4,2,3 then

4,2,3 (gould/would not) be considered data.

Tossing a die will always give us six
possible values. If we throw a die 100 times
our data will consist of 200 values. "Tossing
a eoin” will always give us two possible
values. If we throw a coin 50 times cur data

will consist of values.

¥hen wie talk about a number we can say that 3
is more than (2/4).

We can say that number represented by the
nuneral four is twice as large as: the number

We could also gay that 8kg. is twice as
beavy as (4/16)ku. We could also say

that a temperatune of 100°C is hotter than a
tanpecature of (50/150).

Yo coulqd not say that an athlete with no 4
on his jeorsoy is twice as fast as an athlote

zith no on his jersey.
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47. We determine the number of objects in a
set by counting the objects. We determine
the values of a continuous variable by mea-
suring it. We could find the number of chicke-
ens in the garden by them and the

length of the string by it.

48. Measurement 1s assignment of numerals to a
particular variable. Kilometers, hours,
kilograms .... are units of measurement.
Kilometers measure the variable called

distance and the hours measure variable

called (time/weight).

49, 20km. 1long journey is twice as long as
10km. long journey. The variable called

volume is measured by (gg(cms).

50. It is often useful to liat the things
underneath one another in what it is called
& COLUMN. The foliowing 1ist of numerals is
arranged in a column. The list of colours

is also arranged in a

red 1
blue 3
green 3

6

vellow
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51. When we list things side by side,
we get a ROW, Look at the row of numerals

belowt

8 5 4 6 7 9

The list of colours below is also arranged
in ‘@ . .

greemn orange red purple wvhite blue

52. The names of students below are arranged in a

(zou/colummn) .
Jane NMary Peter Paul Hilda Anne

53. The letters below are arranged in a s

=
Y
2
t

54. Here are tho marks of five students in an
English examination. The marks are listed

in a (gow/columpn).

John 78
Edith 46
Jane 65
Peter 66

Nancy 70



S5,

56.

57«

133

In the previous frame we had two

columns placed side by side. In the

first column we had nanes of pupils

and in the second colunn we had (parks/aqaes)
of pupils.

Tuo oF more columns placed side by side
form a TABLE. A table is an arrangement
of things in rows and columms. The table
in frame 54 has five rows and two columns,
The table below has two rows and

coluinse
a b c

x ¥ ]

Every numeral in the table falls in a
particular caombination of row and column,
foxr example the numeral siz in the table
palow is located at the intersection of
third row and cgecond colum. The numeral
8 falls at the intersection of the firxst
row and cojumn.

4 8 9 2

s 0 1 2

4 6 7 9
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The table in the frame 57 has rows

and COolunns,

It is often useful to present data in the
form of a table. Suppose you wanted

to observe your pupil's performance in
Mathematics during the first term, You
could give your pupils the first test by
the end of January, the second test by the
end of February and the third test by the
=nd of MNarch. The data could be recorded
in a table.

Bupdd Zest 3  Zsst 2 Test 3
Jana 40 45 45
Macy 50 55 60
Jehn 55 55 SS
Peter 35 40 3s
Paul 45 60 70

The firgt column reprosents puplls® names
and the other columns represent
of pupils.

Tha mark John got in the second test was 5S.
The oark Mary got in the thixd test was »
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The pupil who achieved the highest marks
in three tests was Paul as he got a total of
The pupil who achieved the highest mark
in the first test was s+ in the second

was sy and in the third test was

¥ou could find the test in which students

did most poorly by comparing the columns.

You could find the student who did most poorly
by comparing the rows. The student who got

the lowest marks in the three tests was

Oneway of presenting the list of values
for certain variables is to arrange them
in rows and columns. Such arrangement is

called a .

Another way to represent data is to draw it,
to make a picture of it,to represent it
graphlically. If we represent numeral one
with one square then numeral two could be
represented by twc asquares placed on top of
each other. Thus, drawing (A/B) below would
repraesent numeral one and drawing (A/B)

would represent numeral 2.
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AL

A B

|
| |
1

By adding the third square on top of the
second one, we could represent numreral 3.
humeral ¢ would be represented by 4
sguares one on top of the other and nunaral

8 would be represented by squares.

You could think of these sgquares placed
on top of each othar as forming columms
and you could place these columns side

by side as shown helow. Each column represents
a numeral ., Column (A/B) represents numeral 5 '

r_g_
L
S

A
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67, You could think of these sgquares placed
on top of each other as forming columns
and you could place these columns side
by side as shown below. Each column

represents a numeral.

A B C
Column A xepresents a numeral 3 as it is

3 squares high,

Column B xrepresents a numeral as

it 183 4 squares high and column C represents

numeral S5 as it is ______ squares high.

68. The width of each column is the same but
the height differs depending upon which

numeral the column representas{width/heiaght)
of the column determines which numeral the column

represents.
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69, The three columna in frame 68 are shoun
below again. Now, however, we have drawn a
line with marks on it to zepresent the
different heights of the columns. The mark
next +to the numeral 3 is the same height as
column 3 squares high, the mark next to the
mEmeral _ is the same helght as column
4 seuares high and the mark next to the
pumaral 5 is the same height as column -

squaras high.

‘50-

4- -
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In the figure below, column A is 4
squares high, column B is

sguaras high and column C is one sguare

71e

high.

A B C

Suppose@ you were tossing a die, you might
e interested in the number of dots appearing

on 1¢s top face, when thae die comes to rest.

The die below has ___ dots on its top

faces

e
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72. The nmumber of dots appearing on the
top face of the dle after each new

theow (yould/would not) be a variable
gince this number would change from toss
to tosse

73. UWe could pepresent the number of dots
showing on the top face of the die after a
throw by a column of squares. The munber
of deots appearing on the top face on the die
in frame 71 i3 represented by the column

(A/B1-

1

74.

A B

gince the largest number of dots which
could eppear on the top face of a die would

ha 6, the highest possible colum of
squaraes high.

sgquares would be

gince the fewest numher of dots we could

75.
WmtﬁampfmdaﬂemmGMMe.

o would represent this by a column _______

seuare highe.
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Suppose you togsed a die five times and
recorded the number of dots showing after
each toss on the top face of a die in the

table below,

Toss Dots showina
1 a
2 6
3 1
a 3
5 2

On the first toss thare were 4 dots showing
on the top face and on the fourth toss there

ware dots showing on the top face.

s could represent this data dy ecolumns of
sgquares. The column for the fixst toss

uould ba 4 squares high, and the column for
the fourth toss would be ___ ___ squares high.

The figure of thip kind where the numerals
are represented by the heights of the

coluuns ia called & BAR CHART. The figure
below io an example of & '

o
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79.

PUF‘U‘IG‘

Two bar charts are showun below. In the
table $n frame 76 it wes indicated that

thave are 4 dots showing on the top face

of & die after the firgt toss,. Both

figures A and B ‘Indicate that there

e dots showing on the die after
the first toss because the column representing
the first toass in both figures is 4 aquares

highs

pU-PU"\I'\
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Compare the data shown in the table

in the frame 76 with the two figures

in the frame 79, (Figure (A/B) agrees
perfectly with the table in the frame 76.

Both the table in the frame 76 and the
figure B indicate one dot showing on the
third toss, whereas figure A indicate

dots showing on the third toss.

Hare are the marks of four pupils in
mathematics emxamination.

Pupil Hark (out of 100)
John _ 70
Mary 60
Tony 80
Peter 40

Thehlgh@tnatkﬂaﬂohﬁa&nedbymnyand
the lowest mark was obtained by _ .

mm:na'thelowrepremta the sane
data as the table in frame 82, Mary got

a mk Qf -p-g--——'

'Y

!

’
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&0-
50}
Lo -

-

J M T P

B84. A table and a bar chart are drawn below.

The figure marked A is a (table/bar chart).

85. Anothar tgble and bar chart are drawm below,
Complate the table so that it will de identical

to the data shoun on ths graph. Now compare your
Sork with the table given as the answer.
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DAY SCORE
m..
1 %0
22 S
3
m L
4
86. mtiﬁyouhadascomofmommm

87.

If a column three
and '

. to represent it in a graphe
squares high gepresented a score of 3,
a column two sqguares high represented a Score of

2, and a column 1 square high represented a score
of 1, then a coluan no squares high would

represent a score of

often you will see graphs in which ghe top

ofamlmisataheighthetwemmcfm

numerals oOr parks indicating values. For
example, the following column would probably

{ndicate the value Mﬁﬂ. bacause it is

owazehandomthigharthanzo,m

- !
tyeen thelr marks.

appmﬂmwy balf~-way be
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89.

T,

cne of the firat things you might ask

about a collection of data is how often

were particular values of the variable

recorded. For examnple the following table
indicates a
¢imes out of the 5 observations

mald.ng up the data.

ngeopa” of "8" was observed

DAY SCORE
1 8
2 8
3 2
4 S
5 8
The score value 5 occugred the sgma nunber
of times as thevaluez. sincatheyeadi
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90.

91.
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You could characterise (describe) the data

in the previous table by saying the
" appeared three times and

value "
the values "_____ " and " " each appeared

This summary of the data (would/would not)

o) gledm FY
be sufficient if you were only interested.in which

score wvaluz occurred most freguently. The
statament would tell you that the value " "
was obscrved more often than any other value,

The previous summary statement (does/does not)
the data to determine on

tell you enough about
what particular day & score of "2" was observed.

Suppose you asked ten people to judge whether
a particular painting was ngood” or "bad".
You might obtain data of the sort shown in the

following tablee.

!

Judgament

bad

bad

sﬁﬂqmmhungé
1REEY
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iible values of the"judgement”
and "bad". According to the

lue "good" was observed

@ value "bad" was observed

her way of saying that the value
red 6 times is to say that
y of "good" was 6. Thus,

y of "bad" was .

that the frequency of a certain

s You would mean that you had

number of times that value had

the data and found it had occurred

gs. If a collection of data

89259969645 the freguency

g would be _____ and the |

the value 5 would be 1. -~

ue has a freguency of sero means

curred in the data e

ae oc
ne collection of data in the

ne, the £

_as the val

requency of the value
ue 10 did not occur in
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Whenever we cCO

Since we count the va

f£ind their frequency,

a number. One way ©

characterizing data 1

each of the pos

unt things, we cbtain a number.

jues in the data to

each frequency (is/is not)

£ summarizing or

g to count how often

gible values of the variable
dekermine a frequency of

occur. You could
occurrence for each of the possible values of
the variablés consider the following table
of data.
student Grade
= ) -
2 A
3 B
4 A !
5 D
6 F
7 A
8 B
9 B
B
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95, We should summarize this fregquency information
about the data in the previcous table as

followss

Pogssible values Frequency
of grades

A

M o O o
» w0 & &

A

A table like the one in the frame 95 i3

called a frequency table and the one
in the frame 94 is called a table of gaw data.,

A table of raw data, and two freguency tables
tabeled Teble A and Tsble B are shown halow.
mfmqumeablethatcormmstom
table of raw data 18 Table (A/B).

96.

weight

v

}mmg"émsm
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weight Fregquency Weight Frequency
5 g 5 4
3 3 10
15 o
TABLE A
TABLE B

97« We could represent the data in a frequency
tabie by means of a graph. We could

represent the frequency of gach value
with the height of a column. The following

grequency graph contains two columns.
A has a frequency of and

sScore

gcoga B3 has 8 frequency of o

N oo F g

A B SGO\'Q
98, A tabdle anf 8 e ape shown below.

The table and the graph (represent/do DOt
mw.?.the game datas
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Score Frequency

o 2
1 6
2 7
3 s

19

6 ¢

s.-

ql

3 ¢

2

‘ !

o 1 2 3
The most frequently cccurring score 1s

. y obvious, since the highest column
4n the frequency graph is the score of _____ .

Itmofmuseﬂll tommmmms

valugs

cbsexvations that are Suff
and o j“mmashavingthemvame.

iciently similax



I

153

Suppose you gave your class a mathematical

test (marked out of 150). The scores of

the twenty pupils are given in the table below.

Pupil Score Pupil Score
1 60 11 20
2 128 12 72
3 68 13 71
4 69 14 120
5 80 15 85
6 75 16 116
7 32 17 99
8 149 18 15
9 16 19 36

10 110 20 86 ¥

Notice there (;n!;gqnag) a score which occurs

more than once in the table. Each observed

gscore has & freqgquency of .

’ and the lowest

101. 7The highest gscore was

score Was __ "
102. Suppose We courited all the scores between

gero and fifty. We would say that the

frequency of scores between gero and 50 was five,

since there are exactly five scores that were

1ess than OF equal 0 ot
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104.
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The frequency of the Scores between 51 and 100

(including 51 or 100) would be and

the frequency of the scores between 101 and 150

would be .

We summarize these frequencies in the following

frequency table of grouped data.

Scores Frequency
0 - 50 5
51 =100 10
101 -150 5

A frequency table: of this sort is called

a frequency table of grouped data as we have

determined the fre
rather than the frequency for
The most scores occurred

quency for groups of

values,

particular values.

the frequency table of gpaiped data

pata from
Below is a

ed by a graph.

can be represent
s frequency table of

graph of the previou

grouped data.
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050 51-400 10150
The frequency of the scores between gero

and 50 is .

Ay collection of data can be regarded as
By "distribution”

106.
a distribution of values.
we mean the number of times each of the

possible values has been observed (recorded).
Now, we shall consider some of the ways in
which distributions differ and how these

differences can be described. Conasider

for example, the two distcibutions shoun

FQ‘W. l ? ot

Pw e T

Yy ¥ " o o
\h;twl s

' Valots :

A B
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The mos

t frequent value in the distribution A is

and in the Distribution B is

while the two distributions have approximately

the same shape on the graph, the values in

distribution B are generally larger than the

values in distribution A. We would say that the

central tendency of a distridbution is larger.

In other words, 1f the values in one collection

of data are generally larger than the wvalues

in another collection of data you could say

that the distributions of the two collections

of data have (the sama/different) central

tendencyes

consider the two sets of data shown below.

Data A: 4|3|6|E|4!EI

21,23,20.21.23,20
ﬁég) as having larger

ngypical value”

Data B:
vou could describe data (

Wae could say that the

values.
ntypical value"

of data B 18 iarger than the

of data Ae. The "typical value" 1is
ncentre™ of the dis

That is why we refer
ue" of a distribution as its

generally

a value near the tribution

(central valuel.
to the "typical val

centzal te dancie
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109. There is more than one way to define
the typical value or central tendency of a

disteibution. 1f one value occurred more

frequently in a distribution than any other

valuep you might consider that value the most

typical value of the distribution.
Thegefote, ona way of characterising the
cy of 8 distribution {would/

centcal tenden
would nat) be to report the most frequently
n that distribution.

occurring value 4
410, Statisticians use the most frequently occurring \

that diﬂtrihution. The most
called the

-]

40
40
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The value occurring mnst frequently in this
collaction of data is s+ 8ince this

value has a frequency of ____ . 7The mode is the
most frequently occurring value in a
distribution, therefore, 40 1s the of

the distgibution shoun in the table above.

A disteibution can have more than one mode,

For example, suppose you had a collection of
data consisting of 10 observations of a variable

with 3 possible valuess: aysby, and Ce. If the

frequency of both a and b was 4, you (could/
could not) say that both a and b were modes
in that distribution.

consider tha table of data shown below.

[

Observation Value

a0

11
11
21
11
21
33
11
22

21

33
*—'_w

‘55 ¢ 0 4 6 Vv & WN
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The value 11 has a frequency of __
The vwalue 21 has a frequency of
The value 33 has a frequency of
The twe modes of this collection of data

are thg valuas and

Although the mode ig often a useful way of

characterising the central tendency of a
imes misleading to

y its mode.
y distribution graphs

distribution, it is somet
describe a distribution b
Consider the two fragquenc

showm belows
ps’
—— ylr
] — -3
2
i
1 1 1

i___i_-—-———i1;#"1§'i“ 1 2 1; “ S
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115. Another way of representing central tendency is
to report a value which is smaller than the
sane number of obseprvations as it is larger than.

This value is called the median of the distribution,

For example, suppose your data consisted of the

obsarvations 4,5,7,8 and 10. The value 7 would
be greater than (3/2) of the ramaining obser-

vations and smaller than {3/2) ©of the remaining

observations. Therefore, we could call ____ the

median of these five observations.

the median of a
st all the observed

gize. This procedure
If your data

416. The easiest way of finding
collection of data is to 1i
values in the order of thelr

15 called ganking the data.
consisted the values 43,8 and 7 then the list

md _—.

of ranked data would - - J—

themedianvalueina

ve stated earlief that
value which A8

ection of dats was a
ohserved values and
If 1047,6,2,1

coll
than half of the other

318, It is 8
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If you had an even nunber of cbaervatlons there

would oot be a value in the 1ist of vanked data

guch that the game number of observations fall

ahove and helow that value. To jilustrate this

congider the ranked data belotl.

problen

8060404530420, 10- Neither 30z 40 is the
median since two many values are smaller than
(30/40) whereas too many values are larger
than {30/40).

ua between 10 and 40
of this data.

strictly speaking, any val

could de called the median

Howevers gtatisticians have agreed upon a rule

for £inding the median of an
They would say that the median

ocbservationd.
£ data was & value

of the previous collection ©
In other
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122. The median of the collection of data 180,200,

160,100 is as it 1s half way between

168 and 2

dian (like the mode) can gometimes give

picture of a distribution.
+wo collections of data

123, The me
a misleading
onegider the

For

exampla,y ¢
showis Lelove

Data As 100,99,98,97,96

and the median

th distributions have the same median,
in Data (A/B)

an than do the

124, While b<

the valuesbelow the median

differ much moxre from the redi

values above it.
§ndicates the value dividing

into two equal pacts.
much smaller

alling

125, The madian only
the 1ist of ganked data

or hou*mmch rarger
above OF pelow in the 1iste This can be
ad bY the following raw date graphe.

EL s+ oo s -y
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ple)

10

126.

127.

128.

th.DE

A B Cc V¥

The median of both distributions is .

to find the median we have to

edure 18 called £

proc
then to rank the

ad of 4,39899'5'

consist
4'5,8'90

The median

data ue would get 3.

would be N

(1]
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129, For the set of 10 observations
10,9,8,8,7,7,6,6,5 the arithmetic mean is

determined as follows:

(10 + 9 + 8 + 8 + 7+ 7+ 7+ 6 +6 +5)= 10

The arithmetic mean for our set of observations

would be .

130. To £ind the arithmetic mean for the set of

observations we would have to add all the

observations and divide the sum bY the

number of observations. 1€ our set of

observations consist of 3,4 and S
then 3 + 4 + 5 would be _. Bs we have
3 observations we would divide 12 by 3.
The mean would be 4.
131, For the data below
8,112
the mean would be —
as (8 + 1% 1 +4) ¢ 4 would be 3.
arks in the

the following m

geore 18 . The median is

The modal

and
ean 1s 3 common way of

arithmetic m

132, The
representing central tendency of the distribution
pecausé its value depends on every value in a
pserved value 1s greater than

distribution. 1f an ©
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the mean it has positive deviation from

the mean. If an observed value is smaller

than the mean it has a negative deviation

from the meali. For the set of observations
2 has a

2,6,1, the mean is
deviation of -1 from the mean as it is 1

1ess than the mean. 6 has 2 deviation of +

from the mean as it is by 3 greater

.———-—-'-
than the mean.
We call the difference petween the i1argest and

allest value in a distribution of data

A range 18 not a mea
and mean; it
f a distribution.

the sm

a rande-
tendency as modey e
jability ©

jons 1
and the smallest wvalue

gure of central

is a measure of var

get of cbservat 3,8,10s the

For the
e is ——

jargest valu
4 10 = 1= 7*

13 1. The rangeé

glish test and

g scored
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i p - 'Eiﬂ- 18’ 35’ 36’50951947’4:6’45'609

"..l' i
28, 46992956

The teacher decides to group the mazrks in

the classes of 10. The first claas would

be from 0 = 9 0 and 9 included, How many

pupils gcored marks petween 0 and 97

g marks between

The number Of pupils scorin
The

10 and 19 (both i{nclusive) is -
between 20

nugber of pupils gcoring marks

and 29 (both inclusive) is .

char decides to draw up the frequency
on table Yo repre
ally in the appropri

The tea
distrihutl

mark by &8 t

sant each

ate roWe

the same

uts a tally in
e of 45

45, The geacher P

pow as the clas® of

1ies betveen 40 and 49«

get of obaervations
n the same row as the

40 « 49 a8 8 scor
The second gcore

in our
ts a tally i

teachet DY
30 = ﬁzo - 292-

class of

Complete

it.
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Class Tally £

0=9 0
10-19
20-29
30-39
40-49
50=-59
60-69
70-79
80-89
90~99

There was no score in the classes from
and 90-99 80 there

0-9 ] .
are not tally marks there.

n fives for easy

Marks are grouped i
The tally marks II

counting like this.

represent number ___ "

gs which had the most marks was

The cla
alled the most frequen

and it 18 ©

modal class.

t or
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142, Complete the frequency distribution

143.

144.

table for the scores below:

15,10,21,24,8,25,11,9,8,7,22,27,26,23,16,14,

13'14’15.

Class Tally Frequency

0-4
5-9 1111
10-14

15-19
20-24
25-29

al class ig the class which appears

Mod
most frequently in the collection of grouped
data. In our data in the grame 142 the

modal class was from .

o tables pelow the jargest observed

value 185 and the smal

In the tw
lest observed

value is _oo—"



145,

146.

147.

148.

149.

150,

169

bs Value Obs Value
1 1 1 1
2 4 2 1
3 5 3 1
4 5 4 8
5 5 S 9
Table 1 Table 2

The mean foF the table 1 is . The

mean for the table 21is _

The mode for the data in table 1 is .

The mode for the data in table 2 is _ o

a in table 1 is "

The median for the dat

The medlian for the data

in table 2 18 "

and

-

Range £or the dat
data in table 2 i8 o

the range for the



Value

170

8 —
7
6
5
5
4! -
4
3
3
2 2
11— 1
1 2 3 4 9 4 2 3 4 5
o)
bservation Observation
The values in data“[Z) are very close to
the mean. )
154, If you have a set of two observations
6,2 their mean would be . The
deviation of observation 6 from the mean
would be positive N and deviation
of observation 2 from the mean would be
negative N
152, For the set of 3 opservations 8,3,1 the mean
n of 8 from the

would be . . The deviatio
4, the deviation of 3

ould be
e negative and

4 ohserVat:l.on 4 from the mean

mean W

from the mean would b
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153. For our sat of 3 observations

SR —

value Dev. from the mean (4)

cbgervation
1 8 +4
2 3 -1
3 1 -3

The sum of all deviations would be gero as

+4+-1+-3=0.

The sum of the deviations

always equals 0.

1§ you have 8 set of 3 observa

jons from the mean

from the mean 1

tions and their
dﬂviat were +By =3y =Sy +25

-2y the sum

of the deviations would be o
ervations 20, 10, 42, and 52,

the set of cbs
. the deviations

154 . For

in a8 collection of data

abillity that collection

varys
of data 18 gald to haves Thus, we could 8ay that
the -uraﬂ.ab:l.l:l.ty of data (a/B) was greater

£ the other collection of



155.

156.

157.

158.

172

Data composed of many widely different

values is said to have a great deal of

variability. n the other hand, a collec=

tion of data in which
ave little variability.

the values are very
gimilar is said to h
jous example data (A/B)

Therefore, in one prev
g more variability

would be described as havin
than the other collection.

1f the values in a collection of data are

very @imilac, the
variability.
you would expect the
jargest value and the

ve (lagqge/smalll:

e would saY

data would not have much

gmallest value to

In othar words Y that data A

nave (large/small) Fenges

The range can aometimes give a misleading

pictuxre of the variabllity of a distribution,

der the following tuwo



159.

160.

172

Notice that the range of distribution

graph A is and the range of

distribution in graph B 1s .

Notice that the previous example all the

values except one are identical in graph

(A/B), where

graphs were all

as the values of the other

different. Therefore,

ributions have the same

graph (A/B)

than does

even though poth dist

range, the distribution in

appears t
the other di

o be more variable

stribution.

the mean for data B is .



161. Notice that the 8

162,

163,

174

e

ohs Value peviation from Obs Value Dev

the mean
1 15 5 1 9 =1
2 8 -2 2 10 O
3 12 2 3 11 1
4 5 -5 4 10 0
Table A Table B

wn of deviations in table A

and the sum of deviations in

equals

table B equal e’

It is clear that the values
¢rom the mean in table

tend to be rather

away (A/B) than they
the other ta.ble.

40 varisbility

t the difference
1ection of

wWe could represen
py calculating the

ta. The range ©
and the

range in each col
e A would

ta in Table

£ the dats in tabl

da
range of the da

not the only gtatistics you

the variab:luty of a



164,

165.

17.

Notice that if we ignore altogether 1f

deviation is positive oOrF negative, the

deviations in Table (A/B) tend to be

larger than those in the other table.

You can think of the variability of a

collection of data as the degree to which

the values are spread out from the mean.

In other words, 4£ all the values in a

collection of data are very similar,

they will all appear very close to the
mean and the data will not have much varlability.

e values of data are widely spread out,

If th
jons from the mean would tend

the deviat
the dis-

to be very ngggelsggll) and

tribution could be described as having a

great deal of __ —'

jability of a collection

We pointed out how var
could be prought a8 a degree to

gerved values

of that collect

of data
which the ob

about the mean

The is a us
he difference

p11ity because 1F is ¢
value having 9

are spread out
jon of data.

eful resource of varia-

reatest positive

petween the
greatest

deviation and the value having

negative geviatione
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166. We also noted earller that the range 1is

167,

not a completely satisfactory way of
representing variability. Two distributions
may have jdentical ranges and yet one

pear to be much more

consider the two

distribution may ap

variable than the other.

collections of data ghown in the following

tables.
Obs value Obas value
i 15 1 15
2 5 2 5
3 5 3 12
4 5 4 7
g 5 5 8

The smallest value In each table s g

mhe largest value 17
£ data equals

The Lange of both collection O




168,

169.

170.

wWhile the range is the same in both

collections of data, all the values

except one 1s identical in data (A/B)s
This illustration points up one of the
disadvantages of
representing vari
determined by only
in the collection of data

1) The e observed valu@s and

observed valuee

the range as a way of
ability. The range is
two of the observed values

2) The

es below the 1argest

In the o tabl
and the smallest

observed value 18 e

= ———
obs. value DV obs. vaiue Deve

- ; . 1 1 1 =4
: + 2 -
, s 0 3 1 =4
. g 0 4 8 3
. : 0 5 9 4
S 5 ¢ 10 5
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172.

173.

174,

175.

176.

178

The mean OF each collection of data is A

Range for both tables ! 15

The observed values in Table(A/B)are very

close to the mean. All the values in the

other distribution are almost
the mean as the extreme values.

as far away from

ugh the two extreme deviations in

ections of data are the salé, the
ter than in

Even tho
both coll
deviations in data (A/B) are grea

other collection of data.

Let us repz-esmt data in tables

the p!.ctorial forfme

whenever you

meane
positive regardl

answer will be
what you are aquarmg is posl.t!.ve or negative
pogmlazz=2xz=-4

2 _ (u2) & (=2) 7
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the squared deviation will be

177. In the table of data shown below,

we have listed 3 observed values, thelr

deviations from the mean and the squared

deviation. The mean of the data 18

obs Value Dev. for Squared Dev.

1 8 3 9
2 2 -3 9
3 5 0 0

1 deviations from the mean in

178. The sum for al
The sum of all

our table is —————

squared deviations from the mean is -

as 9 + 9 + 0 = oo

average)

to find the mean (
t add all

you should firs
jons and divide the sum

179, If you want
squared deviatl

quared deviat

he number of obs

on,

the 8
In our

eﬂations .
quared deviations was

example th
and the number

ﬂ_ﬁ-

go the mean square geviation will be 18 % 3 = G.

of observations was



180.

181.

180

Statisticians refer to the mean (average)
sq. dev. as the varlances Therefore, the

varlance of the previous collection of data

is &

The varilance is a statistic representing

the variab
values that are

ility of a collection of data.
clearly spread out from the

mean have large deviations from the meab.

jons are positive or
esult in large squared

Therefore, saying that a collec~

variance implies that

whether these deviat
negative, they will £

deviations.

tion of data has a large

the data are spread from the .

on of data having the jeast possible

would haves therefore, 2 variance
1t would also have a

A collecti
variab&lity
equal t0 e’

ection of data shown below?

Con
- obs value Dev- ggom the mean
i 8
2 5
3 S
4 6 ==




183.

181

The mean of this collection is 6. We have

1eft room in the third column of the

table to insert the deviation of each

observation from the meale. Insert them.

Squaring the deviations you would get

, and -

4, "
Vvariance would de
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APPENDIX B

"TTITUDES TOWARDS MATHEMATICS

Instructions.

This is not a_test. There are no right or wrong

answvers to any of the questions. Just answer them as

honestly as you can. The questions ask you to tell

how you feel about many different things. Your answer
to each question should tell how you feel about it.

circle the letter of the answer which tells

best how you feel. Work carefully and guickly. Do

not spend too much time on any oné question. Answer

all the items and give only gne answer to each.

You have 15 minutes.

h more than I would

1.% would like to teach Englis

1ike to teach Mathematics.

(B) agree (c) disagree (D) strongly

(aA) strongly agree
disagree.

2. have alway® been

(A) strongly agree

ongly disagreé.
ee much value in M

(B) agree

afraid of pathematics.

(B) agree (c) disagree (D) str-

athematicsas

3.I can not 8
(c) disagree (D) strong-

(A) strongly agree€
1y disagree-

¢
4.1 have never 1iked Hathematics
(c) disagree (D) strongly

ee
(A) strongly agree (B agr

disagree.



6.

7e

8.

9e

10.

41, would 1ike %

183

Mathematics is too difficult:

(A) strongly agree (B) agree (C) disagree

(D) strongly disagree.

Mathematics is boring:

(A) strongly agree (B) agree (C) disagree

(D) strongly disagree.

I avold Mathemakics because I am not very

good with figures:

(A) strongly agree (B) agree (C) disagree

(D) strongly disagree.
of myself in Mathematics:

(C) disagree

I do not feel sure

(A) strongly agree (B) agree

(D) strongly disagree.

t think Mathematics 18 fun, but I always

I do no
ell in it:

(B) agree

want to do ¥
(c) disagree

(A) strongly agree
(D) strongly disagree.

1 enjoy doing problems when I kno¥ how to work

them wells
(a) strongly agree (B) agree (¢) disagree
(D) gtrongly disagree-
in school doing

o spend more time

mathematicss
(A) gtrongly agree (B) agree (¢) disagree

(D) strongly disagrees



12.

13.

16

17.

18+

18+

I never get tired of working with numbers:

(A) strongly agree (B) agree (C) disagree

(D) strongly disagree.
I think that Mathematics is most enjoyable subject:

(A) strongly agree (B) agree (C) disagree

(D) strongly disagreee.
I can get along perfectly well in everyday

1ife without Mathematics:

(A) strongly agree (B) agree (C) disagree

(D) strongly disagree.
g is easier for me than ary other subject:

Mathematic
(B) agree (C) disagree

(A) strongly agree

(D) strongly disagrae.

T would like mathematics petter if it were

in class:
(B) agree

not made 80 hard
{c) disagree

(A) strongly agree
(D) strongly disagrees
it is more

Mathematicss
(c) disagree

For a teacher, jmportant to be good in

English than %o know
({B) agree

strongly disagrees
I cannot understand how some gtudents think

pathepatics 18 £un

(A) strongly agree (B) agreeé (c) disagree



18%

19, I like Mathematics because it 1s practical:

(A) strongly agree (B) agree (C) disagree

(D) strongly disagree.

Mathematics 1s very interesting:

20.
(B) agree (C) disagree

(A) strongly agree
(D) strongly disagree-



»h
[
m~

ZEST
(60 minutes)

Section A

write down the letter corresponding to the

correct answel.

4, A list of things listed underneath one

A

another is calleds
(C) column (p) distribution

(A) row (B) table

2, If a value is not recorded in the data,

the value has & frequency of's

(A) © () 1@ (c) 2 (D) 3

3, The most frequently occurring value in a

dlstribution ig calleds

median (c) variance

(A) mean (B)

(D) mode

that changesd during an

i, We refer to gomething

vaciable (C) constant

rows and columns 1is

called?
(c) data



6.

7.

8.

9

10.

187

Of the ones listed below the measure(s)
ariability of a distribution is (are):
range (C) standard deviation

of the v
(A) mode (B)
(D) mean.

A value in a collection of data which is

smaller than 1half of the other observed

values and larger than remaining values 1s

called:

(A) median (B) (C) mode (p) variance

mean

A list of all the possible values in a

ntoss a die" 1s:
(B) 0,1,2,3,4,5,6
2,4,6

variable
(A) 1,2,3,6
(C) 1,2,3,4,5,6 (D)

ect answers in a mult-

i1 gets 6 COrf

If a pup
correct answer scores 3

e test and each
's total

(c) 12 (D) 18

iple—choic

marks then the pupil score would bes

(A) 20 () ©

1f a test yould be giver to 10 pupils and
are recorded then these records

thelr scores
1d be called:
(B)

wou
(A} data distribution
(p) table.

(c) possible values



11.

12.

188

An example of a continuous variable among
the ones listed below 1s (are):

(A) The scores obtalned in an examination
(B) Number of pupils in the class

(c) Height of pupils in a class.

For the data below the mean is:

8,5,3,4

(A) 5 (B) 4 (c) 6 (D) 3



Section B

13.

14 .

15.

16.

17.

A test (out of 40) is given to 30 pupils.
The scores pupils obtalned are given

belows
10,10,15,20,15,30,35,20,15,38,22,15,15,30,40,
40,10,11,19,14,26,20,25,35,10,30,30,19,21,20.

Calculate the mean BCOre.

For the data in question 13 £ind the median.

For the data in question 13 f£ind the mode.

For the data in question 93 f£ind the range.

of marks obtained

B examinations

2,54,19

The following is the record

by one class in the Mathematic

25,63,82,12,57,38,17,23,56,96,58,6

19,3,51,52¢57+

56,55,45,50,44,43,
group the marks in

A teacher decides to

requency distribution table.

the £

(1) Complete the table

praw a bar chart for the table below,

otting the marks
ge and the frequ

(1)
(classes) across

pl
the pa

encles up the

page«



18.

19.

120

Class Tally Frequency

0-9 / 1
10-19 117/
:20-29 2

/ 1

40-49

60-69 2
70=79
80-89
90-99 / 1

417 £ind the modal class.

For the data in question

bar chart in the next page shows the

er of Children in
ub-locationLin

The
numb

certain -
was no famil

a Famlly for a
Nyerl district. There

Y without & child and ten

only one child. Look at the bar

fFamilies had
and then answer the following

chart carefl.ﬂly

ques tions »



Frequency

1004

90¢
80

f.y
N
-

Hiow many families o
{1) three
(11) four

(131) five
six or moOre

children
dren per family?



192

(Time 15 minutes)

I‘Iame:....l.’.nu'.’l.o’l'i...

Clag8zecsseaevscess

Read each paragraph. You will notice that there

ara gpaces marked with the letters A and B,
Write on your answer paper the one word from row
A that will make the best sense when put in space A,
and write in your answer

f£from row B that will mak

paper the one word

e the best sense when

put in space B.
He kept

John had five white catse.
wood and

them in a tiny hutch made of

1.

.D...'.......(A’.

en he went to feed the cats he
He looked

Oone day wh

found that they had gone.
around and found a small...-.........(n)

in the wiree.
bready sand, wire, papersy

stick, hole

(A) leaves
(B) pot, nuts poles

They climbed the tall tree and all the birds

aw out in gright.
ngo away!

2.
€1 nCaw! Cawl" they
cried.

at our .otooc-ucoaa

vou must not peep in

(Ar)e



4.

13.

But Tom and his friend climbed high,
high up the tree £111 the houses looked

very small and the sheep were like dots

on the 0...0.....‘..(3).
(A) game, hat, nests, books, dinner

(B) plate, river, house, trees, fields.

One day a poor figherman wag casting his

hoping to catch some

-

net into the sea,

--oooao-o(n).
b |

As he ‘pulled in his net he saw in it a

small glass pottle, but no f£ish. He

picked up the ...........(B) and looked

It seemed tO be gquite emptys
shells

at it.

(A) wood, frult, geaweed, fish,

(B) £ish, roPe» pottle, stick, shell.

The king had Jjust had a good sleep,

He drank a cup of

for 1t was & hot daYe

and smoked 23 long pipe, and was happy .

tea
ant came 1n, and crossing

His chief serv
(A) upon his breast bowed

his senasesnec”®

1ow before hime

ngir,” he said, "there ig a pedlar outside,

has many costly things in his

and he
pack. it

ﬂBrs-ng hiﬂl iﬂ at once’" said ‘l'.he..-.-.-(B).



5.

6.

7.

19:

(A) feet, flowers, pipe, head, hands

(B) servant, man, pedlar, king, boy

Just then the moon came out, and they

gaw an owl perched up on a beam, and

wiping the tears from her great, brown eyes.

nWhy do you weep?" asked the king.

"I am 80O .............."(A).said the owl.

#I am not really a bird, but a princess.

A wicked man gave me a magic drink which

.....I....(B).

changed me 1nto an eeeece-

(A) happy, sad, long, fat, glad

(B) owl, Sparrow, woman, man, beam.

s John Njoroge, 80 that each

A boy's name wa
e he would write

time he wrote his nam
(A) letters,

altogether ...........I..
...(B)

and of these 1etters esaunsaseed
e the letter J.

of them would b
nine, twelve.

(a) eilght, ten, eleven,

(B) twoy five, three, four, 8ix

and he had by his

s once £4shing,
put

ge can in which to
go far he had caught

A boy wa
gide a very lar

the fish he caught.

A man who was passing saw that

no thing .
the boy ha
he would brin

4 a bite and walted to see whether

g the f£ish to 1and or not.
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He said to the boy, "How many f£ish
have you caught, Peter?" The boy
replied: "When I have caught this eeeese(A)

and voesssecess(B) more I shall have

three.
(a) cold, line, two, worm, one

(B) bites, two, three, one, fish

The big brown lion, which lived among the

dark, green forest trees of Mk, Kenya,

hated the fire and the people who had

it. He was greedy and wanted the mountain

1and all for veeascncss(Ady and he

ched for a chance of putting out

(B).

wat
theil'.' oesseponnse

(A) nothind, morning, himself, piayinds

others

() £ire, £ood, cloth, home, garden

in the old days, it was quite
and very poor

In paris,
to find very rich

common
people 1iving near to each other. In a
1arge bullding the underground rooms might

e Very..--oooolo(ﬁ) while

pe rented bY th
rs above, where there

in the large chambe

enty of alr and light, might live

was pl
who were very .-.onocoo-(B).

people
old, fat, til’.‘ed

(a) richs poors

poor's happYs rich, young, hungry.

(B)



10.

11.

126

sunday was a different day for the
rain was pouring down. AS I was
looking through the window I could see

the people hurrying along the sescescs(A)

pavement. In the afternoon the sun

WAS eoesosecee (B) through the clouds and

nade the trees look as if they had

stars on them.
(A) wet, green, large, tiny, dry
(B) reading, locking, writing, peeping,

hopinge.

Birds travelling long distances usually

fly at night and are attracted by the

pright 1amps of lighthouses. In the past,

thousands of pirds have been killed by

dashing themselves against the thick glass.

Howadays, many 1ighthouses have been

fitted with special frames on which

(a) perch and rest, and

theessoerr®”
he co.oo-oo(B) of countless

this has saved t

numbers of birds.

1ights, sallors, birds, storm, £fish

(A)
wings, £1ight, homes.

(B) 1ives, ships,



12.

13.

197

Two friends were travelling on the
same road when they met a lion. The
one, in great fear, without a slngle.
thought of his companion, climbed up
into a tree and hid himself. The other

seeing that he had no chance single-

handed against the lion, had ecsaese(A)

left but to throw himself on the ground

and felgn to be deadj for he had heard

that a lion will never touch a deadeceeas(B)

As he thus lay the 1ion came up to his

head, sniffing at his nose and earsj q

an held his.........{c} and the
walked

but the m

1ion, supposing him to be dead,

away.

)y nothing, gomething, onlYs perhaps,

(A

neither
(8) fly, leapP: body, horse, orange

(c) hand, pavws coat, guny preathe.

when the iion was fairly out of sight,

mpanion came down of the tree

his €O
the lion

what it was that

and asked
n gald hey

im, "For,
he put his mouth
"Why, ureplied

whispered to h
I observed that
close to your
nit was no

ear."
veryY
great secret; he

the others



14,

15,

yerL

only made me beware how I kept company

with those who, when they get into
(A) leave thEir.oo-.oout (B)

a 'Dﬂﬂ-nﬁioqg

te look after themselves.™"

(A) stream, difficulty, house, train,

road

(B) money, pupils, goods, friends, horses.

Cotton goods cannot be made in every

place. For spinning and weaving cotton

well there must be molist air, plenty of

water and plenty of coal. If the air

the cotton threads snap when

is dry,

e tightly stretched. The winds

ross Central province are

they ar

which blow ac
They keep the air

moist or wet winds.
.a-.-oot‘oo-(B) can

(A) so that

..oonuoo.-o

pe easily spun and PP (o)

dry, warf moist, cool
clothes, cotton

(A) hot,

(B) wool, plants, roPes

(cy seold, woven, bought, coloured, wWorn.

The sallors who manned ghips, too, made a
There being a full moon and

mistake.
ghips that had been

a low tide, the
unded (for easle

g) were caught,

r landing for the

gro
padly anchored,

soldler
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by the rising eecssness{A) and
gseveral were dashed against each other
and eescsc-o(Ble

(A) moon, soldiers, sun, fields, tide
(B) saved, painted, helped, lost

found.
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Warking with Numbers.

Tnatructions.

In this test there are 12 questions about

working with numbers. Each question had five

answer cholces. You should circle the letter

in front of the answer you choose. Here is an

example of how You should mark your answers.

Example O.
subtract 807 from 1,725

(a) 819 (b) 918 (c) 928
18, which 1s choice (b).

rcled for example O.

(d) 1,018 (e) 1,622

The answer 18 9 See how

choice (b) has been ci
in the exam paper

jons as you <an.

You may use any paper

for rough work. Do as many quest

oo much time on any one question.

po not spend t
g if you can rule out some of

You ghould only gues

the cholces.

You will have gginggg;gg for the test
gtions are about ringtoss game.

The first two qué
gets three rings to toss.

gtoss each player
he ped win 25 P@

In rin
Rings on t ints each. Rings off

the peg lose 10 points each.



2o

be

201

David has two on and one off. How many

polnts does he get?
(a) 5 (b} 15 (e) 35 (d) 40 (e) 60
Bill has one on and two off, How many points

does he get?
(a) 5 (b) 20 (c) 25 (&) 40 (e) 45

What number does # stand for if 3 x4 x5 = 12x #

i a true statement?

(a) 20 (b) O (c) 3 (d) 4 (e) 5

thich formula would you use to find how many

stamps each person ghould get if 31 people

gshare equally a package of 2325 stamps?

(a) 31 & 2325 =n (b) 2325 ¢ 31=n

(c) 2325.= 33 =8 N (d) 31 x 2325 =n

(e) n » 2325 = 31

ose you decide to write fractions in a

For example, instead of %
ad of 6/5 ue

Supp
different waye

e would weite (3,4) and inste
would write (6,5). that would be the sul of

(1,5) and (3,502

(a) (3,5) (b){4y

(e) (3,25)
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6. Suppose each of the following is true:
1002 = 19 2@ 2 = 3 5@ 6 = 29 7@ 2 = 13
4@ 4=15 @ 2 = 17

What does 6@ 3 equal?
(a) 6 (b) 3 (c) 9 (&) 17 (e} 18

7. Which of the following will always produce an
odd number?

I. The sum of two odd numbers.
IXI. The sum of any three even numbers.

III. The sum of any three odd numbers.

(a) I only (b) II only (¢) III only
(d) I and II only (e) I and III only.

8. The gum of two odd numbers less than 4 and the

even numbers less than 9 is

(a) 11 (b) 13 (¢) 24 (@) 42 (e)

9, If you multiply a number i1ess than 1000 by one

iess than 100, then the greatest possible
answer Yyou could get is

(a) 98,901 (b) 100,000 (c) 1,000,000

(@) 998,901 (e) 99,999

10, If A = -BC then which of the following is {are)

true?

(a) A/B = -c (b) A/=B = c (c) A/B=C

(4) A/=B = =C (e) A= BC
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How many pileces cf wood will you have if you
cut across a long board 17 times a saw?

(a) 16 (b’ 17 (e¢) 18 (¢) 19

(e} none of these.

A chess club ran a weekly tournament in which
every member played every other member just once.
then ong Bope membar Was admitted, it was

found necesaary to play 8 more games per

tournament. Now how many members are thera

in the club?

(a) 20 (b) 16 () 12 (&) 9 (e) 8.



204

Five Dots Test.
Nmez.......O..0.0GOO.......Q.OD Q

ClasSiB2 eccesscsscscccsanacacsscsasses
The questions in this test are based on five dots

in a row. There 15 1 cm between each dot. Each

dot is named with a capital letter as shouwn below.

P Q R s T
. . - . o
e agree to give each dot many namese
2 cm to the right of dot Q, we will say that another
r dot S is Q2. The 2 is written on the right

name fo
of Q as dot S is to the right of dot Q. Another name

aRibacauseSi.a‘lcmtotherightofdotn.

since dot S is

for dot S 1

when we write an equal sign betuween two names, we

names for the same dote.

say we have two
are true statements because

s = Q2 or Q2 = S
andsuanameaoft
Q is a false statemen
meaoftmmedot-

is 1T. Here the 1 is

s is to the left of dot T.

dot.

P3 =

¢t because P3 and Q

are not
Another way of naming dot S

uritten to the left of T as dot

He could write 8 = 1T.
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~us more names for dot S are O0S and SO (the 0 is
soro) because the dot which is O cm from dot S is dot S

itself.
“hare are 7 names for dot S. They are S, 08, 80, R1,

Q2, P3, and 4T. See if you can think of 7 names for

dot R.

52 looks 1ike a dot name but it is not because there
isnodothﬁomerightofdots.

A1l the questicns in this test are about dot names.

Ycu may read the cxplanation any tine during the

£e88e
fore are some practical examples: ﬁ -

Lzample O
Q2 =

(A) p==(B) Q (C)R (p) s (E) Te

mhe correct answer is S which is cholce (p)s See

how choice (D) has been eSrclad for example Oe

Emple 00

Q o S
(g) 1 (c) 2 (p) 3 (8) 4.
the correct anower for the example 00 is cholce (Cl.

You ghould have c¢ircled (Cle

Erpmple 000+
Q= P
(py o (B 1 )y 2 (M 3 (B) 4.
the example 000 is choice (B).

g correct answer foF
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Work as quickly as you can. You should guess only

i1f you can rule out some of the choices. Do not

guess wildiy. You have 15 minutes for the test.

1.. P38
(A)P ~(B) @ (COR (D)s (E) T,

2. 2R =
()P ~(B) Q@ (C)R (b)s (E)T.

30 OT =

(A)P ~(B) Q@ ()R (D)8 (E)T.
4. R = T
(Ao (B) 1 (¢)2 (p)3 (E) 4.

(c) 2 (D)3 (E) 4.

=0

5. T =
(A)JO O (B)

6.4 =P
(m) T (B a (COOR (DS (E)} T.

7.0 = R
(AP (B) Q (C R (D) 8 (E) T.

8, If T = X4, then X =

(A)P (B) Q@ ()R (DS (E) T.

9.Ifx0HQ,thenx=____

(a) p (B) Q- (c) R (D) S (E) T,

1.0.If Pn = 5' then ns=
(a) o (B) 1 (c) 2 (D)3 (E) 4.
41,I¢ T = Rn, then n =

(p) o (B) 1 (cy 2 (D)3 (E) 4.

then n = __.

12,If nS = Rl
(¢) 2 (D)3

(a) 0 (B) 1 (E) 4.
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By using the symbols ( ) more names can be given
to a dot. For example, (P1)2 names the dot which is
2 em right of the dot P1l. Dot Pl is Q.

Thus, (P1)2 is another name for dot S.

The name 3((P1)2) names a dot 3 cm left of
®1)2. We have just shown that (P1)2 = S.P 1s
3 cm to the left of S. Thus, 3((IP1)2) = Pe
Now answer the following questions.

13, (2T)1 =
(a) P (B)a (C)R (D) 8

() P (B) @ (C)R (D) & (E) T.

(E) T.

15, ({P1)}1)2 =
(ay p (8@ (©)

R (DS ()T
. = (X1)2, then Xs
16, If T = (X% VSV R TOVs (B) T

(n) P (B) a (€

47, If (2R)n = R, then

n
(A) o (B) 1 (c) 2 (p)3 (E) 4.

n

2

18, If (nS)2 = $, then

(A) 0 (B) 1 (C) (p) 3 (E) 4.

Jo L
o
e
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APPENDIX C

Item analysis

silent Reading Test

variance %not answered Difficulty

No, of Item Mean eee
1 1.86 0,22 0 0.93
2 1,81 0,01 0 0.91
3 1,71 0.35 0 0.86
4 1.62 0.33 0 0.81
5 1.81 0.25 4,76 0.91
6 1.67 0.41 4,76 0.83
7 1.38 0.71 4,76 0.69
8 1,62 0.43 0 0.81
9 1.81 0.35 4.76 0.91

10 1.52 0.44 4.76 0.76
11 1.62 0.33 4.76 0.81
12 2.67 0.51 4.76 0.89
13 1.81 0.25 4.76 0.91
14 2,19 0.65 4.76 0.73

1.19 0.63 4.76 0.60

-
[§,}
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Working with Numbers Test

= -::======:l--=-==--i==============r
No of Item 1Mean variance % not answered Diffisulity

1 0.80 0.33 0 - 0.81

2 0.81 0.36 0 . 0,82

3 0.76 0.20 0 0.74

4 0.72 0.36 -0 . 0.71

5 0.68 0.35 4,76 0.69

6 0.71 0.44 9.52 0.72

7 0.72 0.42 9,52 0.73

8 0.65 0.25 14.28 0.66

9 0.50 0.44 50.46 0.51

10 0.48 0.22 50,46 0.50

11 0448 0.28 80,92 0.49

12 0.44 0.29 80,92 0.44
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=
No. of Item Mean Variance % not answered Difficulty
Index
1 0.90  0.36 0 0.90
2 0.90 0.36 0 0.90
3 0.82 0.20 0 0.91
4 0.80 0.36 4,76 0.86
5 0.71 0.35 4,76 0.86
6 0.81 0.44 9.52 0.83
7 0.72 0.33 14.28 0.78
8 0.90 0.35 14.28 0.9
9 0.60 0.36 14.28 0.55
10 0.50 0.35 19,04 0.51
11 0.70 0.42 19.04 0.70
12 0.81 0.64 23.80 0.80
13 0.48 0.33 45.70 0.44
14 0.46 0.34 45.70 0.42
15 0.50 0.42 80,92 0.49
16 0.20 0.18 80.92 0.22
17 0.44  0.22 90.90 0.42
18 0.38  0.24 90,90 0,37
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Post-test.

—
—

No. of Item Mean Varlance 4 not answered Difficulty

Index
1 1.80 0.36 0 0.90
2 1.80 0.36 0 0.90
3 2.00 0.00 0 1,00
4 2,00 0.00 0 1.00
5 1.80 036 0 0.90 |
6 1.80 0,36 0 0.90
7 1.40 0.84 0 0.70
8 1.60 0.64 0 0.80
9 2.00 0.00 0 1.00
10 1.40 0.84 0 0.70
11 1.80 0.36 0 0.90
12 1,80 0.36 0 0.90
13 5,50  24.25 0 0.55
14 5,00  25.00 0 0.50
15 4,00 4.00 0 0.40
16 2.00 8,50 0 0.20
17 20,60  15.84 0 0.89
18 4.00 4.00 0 0.40
9.80  16.14 0 0.56

-
O




