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ABSTRACT

Since the introduction of free primary
education in Kenya in 1974, the primary schools
have witnessed an influx of pupils* Total
enrolments rose from ?4% in 1973 to 107% in
197*. In 1975 enrolments were 2881155 end in
1978 enrolments stood »t 2894617. (Social
Perspectives« Vol. 2 Ho. 6 Hov. 1977 and Vol. 2
Ho. 3 August 1977)* This number was matched by
87*076 teachers out of whom 63% were qualified.
This gives a minimum of 52 pupils per teacher.
How that the primary school fees are gradually
being phased out, one can assume that the rate
of drop out in upper classes will be minimised.
This means that the number of pupils will continue
to rise. If this trend continues then the
problem of finding suitably qualified teachers will
be aggravated. It is hypothesised in this study
that this problem can be alleviated by finding
out a suitable teaching method which would help
alleviate the shortage of teachers in vital
subjects, such as mathematics. One such method

is programmed learning.
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Comparison} between traditional teaching
and programmed learning in Kenya have been nade
in the second ry schools* Among these known to
the present researcher who have dons work 1in
this fTield are hshiwf.nl <11,19?<0 and Parkar
(12,197*)* The present study deviates from this
trend and looks at the suitability of progressed

lemming in the primary schools in Kenya*

The major purpose of the study was to find
out whether three modes of instruction — programmed
instruction (Pl1), programmed instruction
supplemented by teacher instruction in small groups
(1P1), and the conventional classroom iInstruction
(C1) - would produce different levels of attainment
and retention* In addition, the study sought to
investigate possible relationships between
attainment, and predictor variables (maths ability,
rending ability, attitude towards mathec tics and
toward the mothod by which the subject iIs presented),

and between attainment and retention.

The subjects for the study comprised 353
pupils from three schools randomly dr wn from all
low cost primary schools with treble standard six

classes in Kisumu Town. In each school, the three



streams were randomly assigned to the three

treatments.

After the administration of pre-tests
the groups were subjected to the three different
treatments followed by a post-test* Eight weeks

laterv a retention test was administered*

In most respectsv a two-way analysis of
covariance showed no significant tre? tment effects
on post-test achievement on knowledge, comprehension
and application subtasks* Significant treatment
differences, however, existed on the analysis
subtask* No significant treatment effects existed

on
in retention/all levels of cognition.

It was found that no wide differences existed
among the three treatment groups with regard to the
variables examined for the prediction of post-test
achievement* Mathematical ability and reading
ability were found to be significant predictors
of achievement for the IPl group. Attitude towards
mathematics was a good predictor of achievement
for the subjects in the IP1 and Cl groups* No
significant correlations were found between attitude

towards the program and post-test**



V*V )

The post-teat scores were a better predictor
of retention than pre-teat scores for total scores
and for each cognitive level. The initial
pre-test scores significantly predicted retention
for the Pl group while post-test scores predicted

retention for IPl and CI groups.

The findings of this study have revealed
that the 1Pl and ClI methods are pov."erful teaching
aids for higher cognitive abilities. Prograaned
learning, however, scores well over traditional
learning in saving student tine. The tine element
coupled with its effectiveness as a learning tool
argue well for the establishnent of prograaned
workshops In a country such as Kenya where the
population of primary school children cannot match

the output of trained teachers.
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ucont rofozss th.it have taken place la both
tho primary and secondary schools la Kenya havo
usually case Iron outside tho schools* Changes
havo normally been introduced without finding
out what pupils and teachers foal about than*
For oxacplef tho introduction or the Kenya
Primary Rathamatics boohs was done without having
carried out proper research to determine their
suitability for our primary school children* and
without having given teachers sufficient training
to enable then to handle the new nathonutics

courses with relative ease*™

Kenya ia not alone in experiencing such
problems like shortage of properly trained teachers
overcrowdsdneas of tho schools and inadequate
facilities and equipeteat in scat of the primary
schools* The mater of pupils in the primary

-chooim increases ovary year outnumbering the
output of trained teachers thereby giving rise
to a larger pupil-teacher ratio* This brings
about the problem of maintaining the quality of

teaching*



Ilk the light oX these problem that we face
today in our schools it is necessary to search for
new approaches to teaching that would help solre
such problem* One such approach la programed
learning, programed learning; has been
introduced in nany countries, notably, the

western oountries to

(1) help alleviate such educational problem like
shortens of suitably qualified teachers and

the orercroMdodBMS of the schools and,

(2) to help the children nest the educational

objectives of their oountrios*

Although several researches carried out in
the west have attested to the general effectiveness
of the program as s method of instruction end thus
have pointed out the obvious potentiality of
pro;;,ranaed materials in the schools, such a
potentiality has not been demonstrated in Kenyan
primary schools* Apart from -ahiwaai"s study (197%)
which compared three nodes of instruction —
programed instruction (Pl), integrated programed
instruction (IP1) and the conventional claaarooa
approach (CCA) in Kenymsecond -y schools, and
Parker®s study (1974) which sought to find out

whether programed workosrd* can be of significant



valnt as a method of instruction as compared to
the formal classroom method in tho second rj
schools* do study known to ths present
investigator has bean conducted in Kenyanprinary
schools to establish which nethod (a) could bo
more suitable* This fact has encouraed the
investigator of this study to investigate which
of the three methods programmed instruction

(P1)* programed instruction supplemented by
toachozwsoperriaion in ssuiU groups (IPX) and tho
omrontlmal nods of instruction (OK) cm be a more
effective learning instrument for ouf prinary

school children*

Tho origins of programed learning go back
to the work of Sidney Pressy (in the 1920"s)*
Professor B*P* JklInner and Dr* Noman Crowder
(in the aid fi ties)* Their work on tho
experinetrta with toaching machines cone about
an a result of the dissatisfactions with traditional
Method of learning* shortage of skilled teachers
and by the competition of tau>slaA technological

advances™

The i1aangUTfttion of a new era of programed
learning cane about with Professor dkixmer-"s

auuestion i1n 195* that tho experimental



analysis of behaviour could be a plied in the
construction of a teaching Machine which would
present a carefully sequenced set of naterial
to a tudent and reinforce hia rosponaea to
direct behavioural capabilities (1,1973).
okinner®s work on instrumental conditioning

saw the developaant of linear programs. His
theory centres around rewards, which is a
development and an expansion of Dr. Thorndike®s
work. Thomas (1,1963) sees rvarcs as S n uns
of ensuring that a particular response is likely
to be repeated, lie has cited the following
characteristics of programed learning that
reader it different frost the conventional

method.

(1) Programmed learning is na individual learning
process in which the student accepts a far
wider measure of responsibility for his

own learning and proceeds at his own rats.

1
Thomas, C. A., at all Ilro~racned Learning 1in
perspective, London .ublicity Services, 1%3.

Ibid.



(2) Programmed learning requires on active
response fron the student and provides

immediate ooafimation of results*

(5) Programed learning ensures that the
student i1s more often successful, and

is therefore strongly motivated*

(4) The subject natter is programed in such n
way thfct the student’s learning (behaviour)

is shaped in a particular way.

Host psychologists believe that sore
learning and retention take place when the
learner nakes responses and have then immediately
confirmed* Pro.,raised learning has one important
characteristic iIn that it permits the learner to
progross at his own pace* This removes the
bo edoa that 1a sometimes experienced by slow
learners when they have to work at the sane
pace with faster learners in s conventionally

taught classroom*

1.1

The problem of finding a suitable teaching
method that would enable children in our

primary schools to meet the educational



objectire* set by the Kenya Institute of

mdue tics (a body in change of curricula*
development in Kenya) continues to occupy the
Binds of Bony educators in Kenya today. For
educators to reeosnend a Method of instruction
to be adopted by schools, its effectiveness
needs to be ascertained through research* The
present study, therefore seeks to find out
whether programmed learning can be a nore
effective learning instrument for our primary
school children than the conventional method*
Specifically, the problem was to investl ate
whether Kenyan primary school children learn and
retain better when they receive individualised
programmed instruction, (Pl), when they receive
programmed instruction supplemented by teacher*-
supervision in small groups, hereinafter called
the Integrated Programmed Instruction (1Tl), or
when they learn through the conventional node

of instruction (CI)*

1*2 OF 3L. drag

The major purposes of the study weres

(@D To investigate whether there would be any
achievement differences in a unit on

probability among the programed



3*

instruction (Pl), the programed

instruction combined with teacher supervised
small troops (1P1), and the conventional
instruction groups at each of the following

cognitive levels.

(a) knowledge of specific facts,
(b) comprehension,
(e) applic tico, end

(d) analysis.

To investigate whether performance 1in

patbamatios is related to sex.

The subordinate objectives of the studj were
as followst
To find out possible differences In reading

ability among the PI, IPl and the Cl groups.

To investigate possible differences in
attitude towards mathematics among the three

trrtntsent groups.

To investigate any differences in attitude
towards the program between the Pl and the

IPX groups.

To Investigate possible differences 1in
retention of probability concepts among

the three treatment groups.



5*

6*

7*

X.3

To

nvest!, ate which of the following

variables would be valid predictors of

achievement i1n probability*- reading

abilityv attitude towards anthesuitice,

attitude towards the pregrmn* and

mathematical reasoning ability*

To investigate which of the following would be

a valid predictor of retentions— protest

achievement or poettest achieve ent*

To investigate possible differences in

e&thenatical ability*

m

or .ns tlASBti

The following hypotheses* stated in the null

form were testedi-

1*

HO

@

()

1

There is no ac ievement differences
test scores as measured by probabili

post test*

in

ty

among the three treatment groups (FI* XFX

and d) i

between the two sex groups at each of
following cognitive levels*

) knowledge of specific facta*
(11) comprehension*

(ill) application and

(iv) analysise

the



6*

d02 «

ch
A

ho3«

ud
cu)

HO4 »

o))
cIn

hob5«

)
Cb)
BO6 i

CD
cu)

C*)
Cb)

Thar* la no differences i1n attituda
towards sat .onatics.
mMine the PX, LFI and tha CI groups.

between the two aaz group* la the atody.

There Is no difference la attitude
towards the program between
the F1 and the 111 groups*

the two sex groups in the study.

There la no differences iIn reading
ability as determined by dchonnell®s
heading Ability Teat A.

among the three treatment groups.

between the two eex groups la the study.

There la no difference |In satheaatloal
asarea
among the three Instructional groups,

between the two sex groups iIn the study.

There i1s no differences la retention
among the throe tr< atseat groups.

between sale and female pupils.

There 1s no correlation between pupils*
reading ability.

attitudes towards the program.
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(e) attitudes towards mathematics,
d Mathematical reasoning abilityt
and their achievement in probability post-test

Scores.

HO 1 There is no correlation between pupils”
8

@) Pre-test achieved*nt scores,
(11) Post-—test achievement scores

and their retention scores.

HO t There is no achievement difference in

test scores as measured by probability

pre-test
(2) among the three treatnent groups
(b) between the two sex groups at each of

the following cognitive lavelst
(1) knowledge

(i1) oesprohension

(lii) application and

(It) analysis.

Sos» of the limitations of the study aret-

It was not possible to conduct a countrywida
study due to the nature of the problem and to
the tins available for the study. Hence the
subjects for this study were limited to

standard six pupils in three treble-streasod



2m

7*

11

schools in Kisumu town.

Tha pupils who did not sit for all the tests
were eliminatedfroe final analysis.

It was not possible to employ the services
of teachers of the sane grade in all the
sample schools* Kor was i1t possible to
have a single teacher for all the three
instructional groups in each school.

It was not possible to control for teacher
entbnsiatai and competence towards any
particular method.

Zt wa* difficult to control for cental or

emotional state of each child.

Zt was originally proposed to measure tine
taken by each child to complete a program*
However* case instructors did not comply with
this instruction in the first two days of the
investigation. Zt was therefore decided to

leave out the time variable.

It was not ascertained whether the groups in
each saapla school were intellectually

comparable.

Pupils had more experience with the traditional
method than the other two at the start of the

research study. This was beyond control™*
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2*

3*

h*

12

Zt was difficult to ascertain the degree
to which a teacher was able to motivate

hla pupils, especially whan they cane to
section three of the program and the

lesson which needed abstract thinking*

Since the task learned involved some
experimental activity by all pupils iIn each

of the three groups, 1t was assumed that there
would be no differences in the motivation of
pupils of all treatments* In view of the

foot that all children were involved iIn some
experimental activity, It was further assumed
that s teacher®s ago, grad# or experience
would not significantly affect the performance

of his pupils*

Tbs programmed materials in probability covered
sufficient material to be learned by the

standard six pupils*

The tests used were valid and reliable*

The subjects in the study ware assumed to be
st the same level of understanding before tbs
investigation began since none of them had

prior exposure to probability*
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1*6

2*

3*

13

The oample schools were assumed to be
comparable in teacher distribution and

material supply*

- - r
PROGRAMMED INSTRUCTION
This is a technique whereby students study

individualIj;ggquentially arranged materials*
Programmed instruction is usually character”
ised by aelf-Instructlocuil, self-paced
sequences of short questions and answers

which are presented in teaching machines

or aa programmed textbooks (2*1973)e

iafrfcjraPfiA MwerHe™Mon (1 &
This is a technique whereby teacher

instruction supplements the prograams*

&«ymtAgar4 1&l

This is s met hod of instruction characterised
by teacher lectures* demon-*t ations and

homework*

Roebuck* M| from lbadan* Programmed
Learning in -«8t Nigerian Context* dulletin

auJd

Research Unit D>>pt. of

due
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~gcoyerar Lenmxxir.i- This refer* to those
teaching situations in which the student
achieves the Instructional objective with
linlted or no help froa the teacher* |IT
the learner cooplotee the task with little
or no guidance, ho is said to have learned
by discovery (3,1973)- Monetisea learning
by discovery occurs when children are led
by

step by step/the teacher appropriate
questioning and activities using concrete

Materials to discover concepts for

theaselves (4,1966)*

Kerch, fi- T*t Learning Ely discoveryi Wh t is
learned? Arithmetic Teacher. ?ol* 11, 1974*

4

Glaser, H*a 'Variables in idscovory Learning”
in L* ii. ithulnan and 2* a* Keislar (k).

by Discovery! A Critical ippraisal-

and IlacaWlly and Jo., Chicago, 1966.
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5* ififprcaaont

According to Pool (5*1963) reiaXorceaent
means the strengthening oX any "on-going-®’
behaviour by a conneluent event conting ent
upon the behaviour* Ho lists what he calls

the components oX the "simplest reinforcing

state* amt*

1* a person carrying on oboervable behaviour
i*e* the leuraarj
2* the learner"s condition oX need or want*

3. a strengthening event* i1*e* reward*

Peel, 1i, A*t Some Psychological Principles
underlying Pro, raused Learning* Educational
-~varch* Vol* 5* Bo. 3* 1963.



CHAP? a TWO

™MIE;

The aia of this chapter 1o to review gone
of the research findin a in areas of progressed
learning that are related to the present study*
Aaoog the amorous ineveatigations that have been
node relating to programed loarninr. only tea
aost related studies have been cited by the
investigator of the present study* Four of
these are investigations carried out in Africa
while the resminlnc six have been carried out 1iIn

the vest*

A good nunbur of researches done in the
field of programed le ming have canparod
programed learning with conventional learning*
Com of these researches have reported the
superiority of programed instruction over the
conventional nods of iInstructions others have
found the conventional instruction to be
superior to the programed instruction while
others have reported no differences between the

two instructional nodes*
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Nenisl and Murdoch (6,1968) oonpar~d
learning from m pro rasnod text with learning
from a conventional text covering the saa»
material. The aajor purpose Of the study
wam to determine which of the two Method* of
teaching would lead to e better performance on

a content examination.

577 atudenta enrolled in an introductory
psychology at Chapel Uill eoapriaed the subjects
for the study. Two of these students were
dropped for being suspected of chesting in an
examination. This left 575 students for data
analysis. The subjects wero assigned to the
conventional and progressed sections, with each
section having between 18 and 26 students. 12
instructors, 5 fenale and 7 sal# graduate students
took part in the experiment. Faeh instructor
taught two sections « one progressad instruction
section end one conventional instruction section.
Two texts wero used* one by Holland and Skinner
end the other by acinner. The programed and

econrentional texts weio written by the same author.

6
dJii .1, W. J. end ltordoeh,i"i effectiveness of
learning froa a Programmed Text oompared
with a Conventional Text covering the
oeae material. wa. —n..i of >lucaty j

Vol. 59, :;0.6,19'H
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At the end of the course the subjects were
administered a 100 - item teat on operant
psychology* The itens were taken from a large
pool of items that had bean contributed by the
teaching assistants* The i1tens were categorised
into objective and easay type items* The
objective type iteas were subdivided Into six
categories, via* multiple — choice fomat (KC)]|
knowledge of specific content (A)] responding to
new concepts and principles (3)jJ responding to
new materials (0)f free - recall format (7R)]
and application to everyday life (D)* r<ultivariate
1 - ratios coeluted for the six objective item
types revealed no evidence of e sex effect
(F 300)* The between = instructor = within -
sex effect was statistically significant (P**010)*
Murdoch (note that William J* Daniel died before
data analyses were completed or the report written*
He, however, initiated the research) attributes
this significance to the fact that each
instructor taught both the progressed and
conventional sections* This, in his view,
increased the sensitivity of the experiment.

The textbook efl"eet was also found to be

statistically significant (?£. 002), an
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indication that an a not, the objective measures
differed according to the kind of textbook
studied* The results of the multivariate

;-tests for the equality of the meun

vectors for the essay items were similar to

those for the six objective item types* There
wea no statistically significant sex effect,

(P 7422 in the first analysis and P J*250 1in

the second analysis)* However, the between -
instructor - within - sex effect was statistically

significant (P~.001).

The hypothesis that learning from the
prOursmned text is greater than learning from
the conventional text .covering the same material
was supported by the univariate F-tests* Zn this
study, the programmed group on the average obtained
s 10% higher score on each multiple - choice
item type and a 7% higher score on each essay
type item*

Zt should be noted that the greater learning
shoem by}ﬁsogremmed instruction group may be
attributed to the method of instruction* The
contents covered by the two books were assumed to
be comparable In style, difficulty, and content,
etc, since they were written by the same author

for the same purpose* Further, the teaching



assistants were very fTanilior with both books*
After their ratings after responding to a
questionnaire given to then9 the instructors were
of the opinion that the texts were comparable

and the examination administered to the research
subjects did not favour any one text to the
exclusion of the other* Since the texts were
found to be comparable and the examination was not
biased in favour of any one text, the author,
therefore, concluded that the experiment provided
a Tair comparison of the practical usefulness of
the two texts by Skinner, and that the programed
text was nore effective for teaching operant

psychology than the conventional text*

It is not clear from the report to what
extent the programmed and the conventional texts
covered the sane instructional -round, though the
report indicates that the two texts were
comparable in style, difficulty and content since
they were both written by the ease author, i*e*
okinner, for the sane purposo* The report does
not nake i1t elear whether the level of motivation

was the same for all instructional groups*

In the 1961 - 62 school year, Banghart,
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t al (7*1963) carrlod out an experimental
atudy of pro* rarned versus traditional method
of instruction* The purpose of the Study

waa to conpare programed materials with non-
prograssMd materials in elementary school
natheaatics* specifically* the study aimed at
finding out possible differences in total
arithaetic scores* problem solving
comprehension between the two instructional
groups (programed and conventional)

between tbe two sex groups*

The study was conducted in the Norfolk,
Virginia* public school systea* The subjects
for the study consisted of 193 control and
experimental fourth-grade ohildi-en representing
an acceptable cross-section of fourth graders
in intelligence* achievement* and aocio-eeonoaio
status* The subjects were In a relatively
superior school in terms of facilities and

personnel™

Tbhs experimental class learned through the

pro ran while the control class learned through

7

Banghart* F. W* ot all An experimental study
of Programed versus Traditional
Kleaentaiy >chool Kathuoatica*
~rithactic Teacher. Vol* No* ft*
1963* pp* 199 - 207.
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th« regular Materials* The programed anterials
consisted of specially programed text books which
included the usual sequence of fourth-grads
arithmetic, skills and content, language of

sets, number lines, and simple equations

involving one unknown* The experimental materials
were constructed by the author after making an
extensive survey of the content of leading
elementary school arithmetic text books and the
arithmetic curriculum organisation in several
large school systems to assure that all the major
skills normally taught at the fourth-grade level

ere properly treated In tho experiment*

The control materials for the control
msbjects consisted of the standard text sad
supplemental materials used as a regular part ef
the normal instruction in fourth-grads arithmetic

in the i-orfolk, Virginia, public school system*

The length of the normal class period for
both the experimental and control classes was
300 — 40 minutes a day* The author set occasionally
with tbs experimental teachers to discuss their

observations i1n the classroom*



performance of the experimental end control
subjects. The differences between the experimental
end the conrol groups for total scores and
comprehension scores (total, boys, and girls)

ere significant*

The differences between the two groups for
problem solving <total) 9 problem solving (boys)
and problem solving (girls) are net statistically
significant (A~ 05). The author attributes the
noiwslgniflcance between the groups for problem
solving (boys) to the large amount of variability
between the groups* No reason can be advanced
for the difference between means for problem
solving (girls)* The author finds it Interesting
to note that the seen score for experimental
problem solving (girls) is consistent with the

other experimental means*

The general observation by the experimental
teachers was that the children In the experimental
groups showed hlph enthusiasm for the progressed
materials* The experimental teachers felt that
learning through individual self-paced programs
was a very affective means for teaching

elementary school arithmetic* The teachers also



noted certain disadvantages associated with
Individualised learning* They noticed that
whan working with programm®d materials, pupils
quickly covered a wide range of content which
threatened to increase as pupils advanced
through their prograrmed materials* They also
noted that the pupils did not work at constant
rates9 rather the rates et which some pupils
worked was arratlc* This made It necessary
for the teachers to kaap a dally record of the
prograss and spead of each child* Infact tha
lack of constancy In pupil work constitutes one
of the advantages of Individualised progrsnwed
instruction for tha slow learners who would
otherwise be bored If they had to learn at the
same rata with tha fast learners, and for fast
learners who would be relieved from the
frustrations of being detained by tha slow
learners* Teachers noticed children forming

voluntary group# to discuss the program*

Tha author observed that If programmed
materials are wall designed and well-nested end
iT competent and Interested teachers are
employed to supervise programmed learning, then

one can expect a significant achievement In
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fovomr or programed materials over conventional
nattrials* Another useful observation mace by
the author is that programs should be integrated
with the teachor* He contends that programmed
materials are most effective when used to

supplement the classroom teacher*

Jamieson (8,1969) investigated the
relative effectiveness of two set .oda of
instruction - programmed and guided ; llscovery
net™ods and the effects of the sane upon people
of different age groups* (This research la
related to the present study in-sof&r as the
comparison between the programed and the guided
discovery methods is concerned: otherwise it is
not, since the present study is not investigating
the effects of different instructional nodes

upon different age groups)*

8
Jamieson, 0* H*: Learning by
Guided discovery Methods Different
Age Levels*
Lduc- tional
pp. SA - $U.



The subjects for this study consisted of
00 females categorised on the basis of their ages

as follows*-

1* 20 pupils drawn from a state primary school
mean age 11, ranee 10 years, 1 month to 11
years 6 months* (This was the youngest

group) -

2. 20 students from a college of occupational
therapy, mean age 21, ranee 20 years 8 months

to 22 years 11 aonths.

3. 20 students from a college of education for
mature Btudents, mean &£S 40 years 6 months,

rang# 34-47 years.

4* 20 members of the Liverpool Medical Research Council*
voluntary panel* mean age 57 years 5 months,

range 51 - €6 years.

These subjects were randomly assigned, 1in
equal numbers, within their age groups to the two
different modes of learning i1.e. programmed and
guided discovery. The prorranasd qroup wont
through a 154 — frame linear program on binary
number, presented on small manually operated

teaching machines. The subjects worked

independently, but in the presence of others in
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their group* Ho tine licit was specified, but
a record of individual tino to completion was

covortly kept*

la the guided discovery Method ?roup each
subject was provided with a binary light
indicator and blnary/deaarj conversion scale
specially designed for the experiment* The
subjects used these learning aids to discover
the base of the binary system, and to make
numerical conversion between the binary and
denary systems* the content taught was the same
for the two instructional groups, i«e* the
programmed and the guided discovery groups*
The speed of the lesson depended >a the
subjects®™ response and the feedback needed to

elaxlfy any points at issue*

Before the beginning of each course,
Vernon®s eroded-arithmetic mathematics test was
administered to all the subjects iIn the study*
At thn end of enoh course all the subjects worm
administered s written test iIn binary number*
The test sampled all thn work in number which

had boon taught*

A Tive-point scale attitude questionnaire

wao administered to the subjects to saapl# the
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subjecta* responds to tha learning aids and to
eHolt a comparison between the programed and

to* guided discovery methods.

The data obtained were subjected to the
hamw-Whitney WOm testa and to rank-diiference
(mUbo) correlations, The resulta of the "D -

teste avowed that!-

Objecta in the youngest and oldeat groups,
i,e. groups 1 and 4 who learned by the
discovery method performed significantly
better in binary criterion test scores
(F/0.02 in both oases) than the other
subjects In tha same age groups who learned
by the programed *roup (2)* The progranmod
method subjects in the same age groups 2

and 4 ware significantly quicker then the

subjeots in the sane «*e groups learning

by the guided uiscovary method (P~0.002 in
both Casas),

/tank difference oor. elation coefficients
were coaputod for srithaetio scores and binary
criterion soorosi for arithmetic test scores and
learning tine (binary)| for age and learning
time (binary)$ and for age end binary criterion

Scores.
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The results showed a significant correlation
between arithmetic ability and scores on ths
binary criterion test (P"0»01 for the prograaned
group and a significant positive relationship
between age and tine (F/0.05 for the pro-rassted
group)* Ho significant relationships were found
between are and binary criterion scores for both

the prograensd and the guided discovery groups*

The foregoing discussion of the results
show that the youngest and oldest Lro«ps using
the guided discovery method performed hotter in
binary criterion scores than aenbnrs of the eamns
groups learning by the other nethod* The author
advances three reasons for the better performance

shown by these two groups under ths discovery

HUithOdi -

1* the role of the teacher* The author argues
that ths supportive role of the teacher nay
have benefitted the arithmetically less able

subJsets*

2* Ths principles of the nunber system could have
been more readily grasped under the guided
discovery nethod than under ths programmed

instruction nethod*

3* Subjects in these groups had not developed an
independent Is ruing style to assist then cops

with the toaching machines*



Thm first reason advanced by the author
since

does not seen to be convincing/the report does
not indicate anywhere that members of groups one
and four learning by the discovery method were
arithmetically lees able subjects* The reason
for this surprise superior performance is
therefore to be found elsewhere* It could be
that the guided discovery method groups wore

sore motivated then the jro>.rammed groups of the

some age groups*

An interesting waa <** stronger

association between arithat tic ability sooros
and post programmed learning acoros on the
criterion, than between arithmetical ability
scores and pout guided discovery learning* This
suggests that transfer was greater for those

learning by program*

bunnies on programmed learning ha/Ze not only
involved comparison* between protjrwmmed instruction
and conventional instruction, but have also one
further to include a new element, that is, the
teacher and the program* la his comparative
study of programmed and traditional elementary

mathematics. Ban-"hart (7,1963) observed that

Ibid*
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“"allotting pro, -.raauod material* to become tho solo
mature* oX instruction to tho exclusion of the
teacher does not neks aoet effective use of the
proranmsd material nor of the teacher. Programed
materials are moat effective when used to st™pplenent

the dasbroom teacher.™

Headoveroft (9*1965) conducted a oomparatlve
study of the textbook method end the progressed

combine with teacher instruction.

The subjects Ooutdated of 29* students of
both sexes in the seventh grade of »ilkinoburg
Junior High 1ichool in the year 1962 - 63. Xn
the previous year™* i1.e. in the sixth grads the
subjects learned by the conventional method.

The expriment was extended into the 6th grade
when the subjects learned a*>jain by tbs conventional
method. During this tine the aauple sise had
reduced from original 294 in the 7th grade to 249

in the 6th grade.

ileadowcroft* £»x.i1i The effects on conventionally
tau. .ht eighth-**rode nath following seventb-s. rads

58: Are--- —tf W, I *e “ %



The purpose of the study was twofoldi

1* to Invoatieat# which of the two methode-

prograamad or conventional - was bore

effective]

2, to find out whet er the utilisation of
programmed materials in the seventh grade
had any adverse effects on eighttw*grade
achievement whon oubj-cte again learned

by the traditional textbook method.

The experimental group, constituting one-
half of the student* in the seventh grads lamed
arithmetic by me ns of the program supplemented
by teacher instruction while the other half,
the control elans learned by mens of teacher*
textbook method. The experimental group used
the programmed materials 70% of the class time
and received teacher instruction 30% of the
class time. The experimen* ol roup learned at
their own pace and were individually tented.
The rupils in the control group were iac4-~acted

by means of assignments, lectures and recitations.

The t-tests computed revealed no significant
differ nca between the moans of the two instructi-

onal groups ( total), 3ut -h<n the t-tests wire
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computed lor the accelerated, above average*
average and alow subgroups, the difference
between the manna of the experimental, and

the control groups in the accelerated section
was found to be significant (t - 3*33t (?<£*01)«
with the moan for the aocelerated section OF
the control group (10*3) being higher than the
mean for the accelerated section of the
experimental roup. All the means for the other
sections of the two instructional groups wore
not significantly different* But on a special
achievement test average section of the
experimental roup had significantly higher mean

than the average of the control group*

The results of this study indicate that
pro ;ra2fiied instruction was not superior to the
textbook method ca far as arithmetic anhlov aent
was concerned* However, programed Learning was
found to be mere efficient iIn saving student

tine than the conventional method of 1« g”ing*

When separate sections of the experimental
<md control groups were considered, the
accelerated section of the control group was
found to have a significantly higher mean than

its counterpart iIn the exp rinental secti n*



The author attribute* this difference to the
uco of materials but not to the programmed
materials ticatoolvea. This iIndicates that the
accelerated section of the experimental group
did not make proper uue of the programmed

materials*

The author puts forward a strong case for
using programmed materials when he considered
total advance by the students in terms of
achievement| the experimental croup advanced
1*3 ye\rs while the control eroup advanced

only 1*1 years*

An iInteresting point to note in this

investigation is that educators can insert
without

progressed materials In ess grade/nossssarily
following it up in the next grade without
anticipating dire results* This follows from
the fact that use of the programmed materials
in the seventh grads did not very much aff ct

achievement in the 8th erado when the experimental

group no longer le mod by the programs*

It is not clear from this iInvestigation
whether the tsst uaed to measure retention in
the eighth grads was the same test administered

to the subjects in the seventh grads* It 1is



further not clear whether the two groups la

the study were taught by the name teacher.

Another study on integrated programed
lc ruing was by iiolnberg (10,1966). He compared
the conventional classroom aethod with a
combination of pro;;ra»jaed instruction and teacher

euporvioed aa.ill rxoup instruction in the seventh

grads.

The subjects were 19 boys and 17 girls from
two classes at the School of -liucution in Kalno,
Sweden. £ach class had 18 pupils, subdivided on
the basis of their mathematical end intellectual
abilities Into a high, a middle and a low group,

with each group comprising six pupils.

One class received programed instruction
supplemented by teachor-sopervision in snail groups,
ranging free two to six pupils per group. Tins for
group instructions ranged frem 10 to 20 minutes.

The control clasa received conventional instruction
where the teacher prepared new itena on the black-

board and the pupils given exercises to be dene

10
Kolsberg. 1.1 A combination of programmed
instruction and teacher - supervised snail roup
instruction compared with conventional classrooa
method. Didakocetrv (Malno, Swe deni School of
dneation/, 1966 ho. 10.
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in class and at bone* Teacher aaue tests were
given every month to test for achievement* The

two instructional (groups were taught by one te&Ohor*

Before the start of the experiment subjects
were tested with the Cattell Culture Fair Beals
2A to find out whether they were intellectually
comparable* She results showed no difference
between the programed instruction .roup (mean of
26*85 with a standard deviation of 6*81) and the
conventional instruction group (neon 28*44t standard
deviation, 0*58 , P*"0*20)* To control for the
arithmetic ability of the pupils they were
administered a 10 - i1ten arithmetic test* The
ro&ulta were not statistically significant (PI
class, X m 2*72, S « 0*96 and Cl cla&ss X - 2*83,

6 - 0.92, P~"NO).

The pupils were divided into high, middle
and low groups following their scores on

intelligence tests and arithmetic toota*

Chances i1n arithmetic, reading ability,
classroom behaviour, play and passivity,
disturbing interactions, working habits,
preference for arithmetic, were analysed* An
analysis of variance revealed no significant

differences 1n arithmetic achievement between
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the two instructional groups (P? 0»05)* Bat
variat:ion between high, nlddle and low groups
was found to be significant, with the high

group getting the beat results and the low

group the poorest (P<0*001)e The results of
reading ability, investigated once a aenester
with Diagnostic reading tests designed by

Dr* ose L"ovp-.ren at the School of mducation iIn
tttockhola, Sweden, revealed SOme changes 1in
reading technique* Pupils decreased in reading
speed but gained iIn comprehension* The esperiaental
cl"im nr.OMd =<i niHwnt sup. ev.ority in reading
instructions and tended to be nore independent

in their laboratory work than the control class*
There was s significant difference between the
two instructional groups in the variable
"disturbing interaction”™, the variable being
frequently noted in the control class (P~ 0*001J*
ciaasrooo behaviour was found to be rather
similar in both classes in spite of the different

teaching Methods being employed*

Though the study shows no evidence of ths
superiority of either Method with regards to
aritbnetio achievoiumt, the iIntegrated prograsned
Instruction gains over ths conventional

instruction in reading ability teat* Ths
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integrated pro”~ruaed learning group la shown
to be bore independent in the laboratory work

than the conventional reup.

The pupils®™ attitude towards the program
was not very promising. The pupils found programed
instruction more tiring than the conventional
instruction, hut their general opinion was that
they learned more from programed materials

than fron conventional materials.

The two factors mentioned above, i.e.
that the pupils of the programmed instruction
group showed bore independence in thoir work
then the pupils of the conventional instruction
group and that the pupils of the programed
instruction expressed the opinion that they learned
bore from programed materials argue well for
programed learning to be introduced in a
country such as ours where suitably qualified

teachers are in short supply.

Cooperative studies involving programed
learn:Ng and conventional instruction have also
been carried out in Africa. Among the researchers

who have done work in this Field in Africa are
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Cshivani (11,19?4), Partear (12,19W,

Ckunrotifa (13,1966) and Hoebuck (14,1968).

£shiwani (11,1974) carried out a atudy
involving three methods of teachings programmed
inatruction (Pl), integrated programed
instruction (1>1), und Che con eution&l classroom
approach (CCA). The major purpose of the study
wan to find out whetner boys®™ superiority in
mathematics an reported by researches frees the

west iIs true with Kenyan children.

The subordinate purpose of the study was to
investigate whether attitude towards nathsmatics,
mathematical reasoning, vocabulary of mathematical
tens, vocabulary of scientific terns and
computation are valid predlotoi®S of achievement

in mathematics for Kenya boys and girls.

YA form two students from two boys" and
two girls®™ high schools in Hairobi constituted
the sample for the study. Three classes within
each of the four solnoted schools were randomly

assigned to each of tho following treatmentss

11
BahiwMxii, G. A- s :*sx Differences in the Learning
of Hathematics among Kenyan High Cohool Students.
mty,aat™ca__ . _4uc-.:ion . egg g-ch e:,ort. Ho. 3 -



programmed instruction, conventional classroom

a proach and Integrated programmed instruction*

At the boginning of the oxporlcK-nt the
following pro-tests wore odministored to all the

subjects in the study*-

1* Attitude towards mathematics scale*

2* Five Dots - measuring mathematical
ability*

3* Fractions - measuring ability to compute*

4* Arithmetic reasoning - measuring
mathematical reasoning ability*

S* Probability pre-test*

6* Comprehension of mathematical vocabulary
tost*

7* Comprehension of science vocabulary*

After the administration of the pre-tests
the subjects underwent an instructional course
in probability* The programmed instructional
group learned through the program, edited by the
investigator, the conventional classroom approach
group learned through the teacher-talk method
while the Integrated programmed instruction
group learned through the program supplemented

by the teacher*
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Tha first and the second achievonont testa*
designed by the investigator were administered to
ell the subjects in the utudy half-way through
the instruction and at the end of the session
which lasted two weeks* A retention test was
administered to ell the subjects iIn the study siXx
woeks after the iInstruction* The students wers
not informed of the impending retention test*
They had reverted to their normal class routine

after the poot-teat achievement*

The results of the pre-tests show that boys
in tho PI and CCA groups scored higher than girls
in attitude toward nethemetics* five dots*
computation (fractions)* Arithmetic Reasoning*
Comprehension of Mathematical nd Scientific
terms* while girls performed better on probability
pre-test* The 1il girls performed better than boys
in ell the pre-tests except on comprehension of

science terms*

The results of the achievement tests reveal

the followings

1* In the Tfirst achievement test* boys in the
Pl and IPX groups had a higher noon than girls*
while girls in the CCA group had e higher neaa

than boys of the same group*
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2. In the ottc nd acieveu*oat teat « rirla in
the FI and 111 groups performed better than
hoje of the cane group while boys iIn the

CCA group had a slightly batter naan than

girls in the sane group.

A t-teat was used to test for possible
differences between boys and girls in the
pro-tests, post-test and retention test. Girls
in the FI and LP1 groups performed better than
boys in the sane groups on the retention test,
doya in the CCA group performed significantly
better than girls of the? same group on the

retention test.

When total scores for boys and girls were

analysed, i1t was found that

1. Girls performed significantly better than

begrs (t - 2.89 «P<0.05;o0n the arithmetic

reasoning teat.

2. Girls performed better than boys on the
probability pre-teat and on the second
anhl mTenant- teat (t m 4,09; and t = 3*13

respectively, p<0.05).
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There were no significant differences
between boys and girls on attitude toward
mathematics, Tfire dots, fractions
(computation), comprehension of mathematics,
and science terse, first achievement teat

and retention test*

The results of the stepwise regression

analysis computed to determine the relationship

between the pre-test variables and first

achievement test were as follows*-

1*

2*

Yor boys, five dots and arithmetic reasoning
were significant predictors of probability

aohievenent (p<0.05).

Comprehension of mathematical terms, arithmetic
reasoning and computational ability (fractions)
were valid predictors of ocliievacant at the

0*03 level of significance*

The study reveals that sex differences in

mathematics do exist among Kenyan high school

children* This sox differences, however, cannot

be attributed to the students®™ attitudes towards

mathematics* |If positive attitude towards the

subject were to go with higher achievement in
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a mathematics teat, then boys in thin study
would have scored much higher than the girls

on the achievement and on the retention test*
IT the hypothesis that girls are better readers
then boys is anything to go by, then one would
expect girls to do better fron programs than
boys* nut this was not the case in this study*
Boys gained more from the programs while girls
gained no. e from the hunan teacher* The
investigator did not consider reading ability as
one of the variablost honce it is difficult to

soy whether boys were bettor readors or girls*

It is not indicated in the study whethor
the content taught to the CCA group covered the

same information ground as the program*

The results of the pre-tests show that
girls were superior to boys in pre-test
probability* This is a clear indication that
subjocts were not initially comparable* For
this reason, the groups should have been statisti-

cally equated by the use of analysis of covariance*

Another related study on progressed le arning

in Afrits was carried out by Parker (12,197*0*

12

Parker, K* D.s The Inpact of the Progrosaaed
workoards on the quality of Teaching Hathenutics
in th* secondary schools of Kenya* fl*hd* Thesis, 197"*



The («rpeM or ttw study was to find out
whether thorn would bo any difference in aehimeK>nt
between students taught by a toxtbook - leoturo
wthod and thoao taught by programed workcarda.
Subsidiary jur-;see of tho study was to oxamine
tha studonts' attltudos towards «atlw atics and
bow thoao attitudes change during tho course of
learning and to examine their attitudes towards

the program as a method of instruction*

219 Fora 1 students from a boys' and a
girlse school la Hair-obi comprised tho subjects
for this stud y. The subjects were distributed
among six classes with three classes forming the
control group and the other three* the experimental
croup. The slaases used were intact Fens 1 classes
(I.s. there was no reorganisation of the classes

for the purposes of the experiaent)e

in order to control for certain extraneous
factors like motivation, method of instruction,
teaching aids, lenflii or class period, tins of
day, also of olsss, assignments, etc* a single
teacher was assigned to teach at least onoexperiiaental class
and one control class. Doth the experimental and the control

terlal with similar vocabulary.
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symbolism and problems* The investigator
contoned that all errors would not be removed
by the controls exorcised* He, however,
expressed the hope that such errors would be

eliniaat d by the process of randomization*

At tho beginning of the study all the
subjects were administered Patton®s atFitude
Male, revised by the investigator tgyiﬁe seeds
of his study, v The purpose of adnlnlatariag
the attitude questionnaire was to learn how

Kenyan high school students felt about mathematics*

Three attitude scales were u ed for this purpose*

1* Attitude towards mathematics as a process™

2* Attitude about difficulty of learning
mathematics™*

3* Attitude towards tho plaoe of mathematics

in society*

Hellability data for these scales were not
enlculatod* The same questionnalre was
administered to all the subjects iIn the study
at the end of the ye ~r to see iIf any changes
towards mathematics had bien mode during the

course of the study*

The results of the pre-test attitude towards

mathematics revealed no significant differences

/



between tlie experimental and control croupe
(total) and between boys and girls in the study

et the 0.05 level of significance.

The results of the attitudes scale
adnlnistered at the end of the study were as

follows™

1. There were no significant differences
between the experimental roup and the
control group in their attitude toward
mathematics as a process and in their
attitude towards the place of mathematics

in society.

2. he significant difference between the two
sexes was shown for the three attitude

scales.

3* There warmn a significant difference towards
the difficulty of learning mathematics
between the control boys and control girls
(t = 2*25] P< 0.05) with the control boys

haring s higher mean attitude score than

the control girls.

On attitude chao-es. the control boys showed
slight improvements la their attitude towards
mathematics during the second term compared to

first term. There were no significant diffcrone
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between pre-test and post-test attitude

towards mathematics.

Boys tended to favour the program more
then the girls. Boys had s significantly higher
mean of 40.75 than the girls* mean of 35

(t - 2.19* P< 0.05)=

Achievement tests covering what had been
taught were given at the end of every term. At
the end of the third term, s 50 - multiple choice
item co".*aring the material learned for the whole

jeer wan administered.

The results indicate that the experimental
girls performed significantly bettor than the
experimental boys in the first, end second
achievement teats (t - 4.21 and t * 5*04]
respectively P<0.05) while boys did better in
the third achievement test (t < 4.25; P<0.05).
The control girls perforated bettor in the Tfirst
achievement test (t m 5*55; P<0.05) while the
boys of tho ame instructional group did bettor
in tho second and third achieveasnt tests

(t = 1.15 and t - 7*29 respectively; P<0.05).

The results shoe that girls performed

significantly better in the TfTirst achievement
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tost while boyi»* performance was signifleant
in tbo third acuievei~ent teat* This would
indicate that boys had u higher retentive
power than girls iIf the subjects were not
informed at the end of the year that the Tfinal
test would include work done in the first and

second terras*

Parker*s study h.is provided n u=eful
information on the general effectiveness of the
pro raano and ite retentive effect when used with

Kenya®s high school chil ren*

Okunx*Otifa (13*1968) conpared programed
learning with tho conventional Bathod of

instruction*

The purpose of the study was threefold!

1* To find whether there would be any difference
in attitude to pro rasuaed materials between
tho.o who learned by the program and those
who leamod by conventional method of

instruction*

Ckunrotifa* v. O.i Attitude of Nigeria >ecoociary
School c-ili. *on to programed instruction in

d : . =, tol,6"". Bs ft— 1 mi* 1V-
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2# o flag rithiltbor the two instructional .roups
exhibited any attitude differences towards

geo m boras a subject.

5m tm find which of the two instructional aethods

under 1idorestic&tl<*l would be aupurlor.

The subjects for the atuciy consisted of
2.0 second forcers - 100 boys and 100 girls9
rondoaly drown froa four schools representing
uibua boys"* urban girls®™ rur 1 boys* end i«ral
girlo* schools in the .orth Central ->tnto of
I*1 :rria. The noon n e of the subjects was 14- yocrs*
Ifone of the subjects had prior exposure to

pro, .raisned a&teri lIs.

Before the study cor -need the subjects were
tukiiniotered a protest ;eo ,ra. by achieve ent,

v rb.JL aptitude and <uaiititstive aptitu e testa.

after thor.o tests* all the subjects in the
study tent throw h a linear pro ,ran in civics.
The instruction MKt on for three sessions# (3 days)
the end of the third session the subjects were
divided into experimental xxlI control groups on
the basis of their pre-—tent geo raphy achievement,

v rbx 1 aptitude and <uji ;it*tivo aptitu e scores.

The nubjccts were than adainiati rod a
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pre-test attitude towards geography and a
pre-test attitude towards the program

(Likert - typo)*

After the administration of the pro-teats
the subjects underwent an instructional course
in nap reading in geography* The experimental
group learned through the progress while the
control group learned iron the conventicxa&l
texts* The experimental roup was presented
with five geography programed texts and the
conventional group with five conventional texts
in geography* The conventional texts covered
the same span of information as the progress*
An American nap raiding program, with a version
adapted to Nigeria geographical conditions was

Used iIn the study*

The i1nvestigator hoped to control for
possible methodological errors by making the
students avers that they were i1nvolved in an
experiment concerned with their learning in
geography and by warning then against any
leakage as i1t was thou ht that leakage would
destroy the experimental test; of the independent

variables*

The subjects were not aware that they were
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divided into two different treatment groups.

The 1investigator hoped that the "Rosenthal Effect”
woulld cancel out since both the iInstructors and
students were not awsre of his hypotheses to

be tested. He further hoped that by employing
instructors who were not normal teachers in the
experimental schools and by testing all the
subjects in the study, he would level out the

"Hawthorne Effect."

After the instruction, a post-test achievement
and a post-test attitude towards geography and the
program were administered to all the subjects

in the study.

The results of the pre-tests showed no
significant differences in verbal aptitude,
quantitative aptitude, pre-test geography” *
achievement and age. There were significant
differences in pre-test geography attitude and
pre-test program attitude, the control group
showing more positive attitude in both cases.
The significant differences in the pre-tests
indicated a need for statistically equating

the two groups.



A throe-way analysis of covariance was
eoapttted to eonpare geography achievement*
attitude towards aathematics and attitude
toward the pro ran* Teaching methods, sex and
school environment were used as the sain effects
while pre-test scores were used as covariate
and post-toot ocores as criterion* An F-ratio
of 25*36 showed that there were significant
differences In teaching methods CP<0*01J* the
programed group performing hotter than the
oontrol group* Bo significant differences were
found among other variances* The groupse
learning tines scores were compared by a
2x2x2 factorial analysis of variance* There were
no 8iRniflcant sain effects for methods* sex and
school environment* Belther wore there any
significant interactions involving sex* methods
and school environment variables* On the‘basis
of these results* it was concluded that programed
instruction was more efficient than the
conventional instruction in contributing to

pupils® achievement*

L 2X2X2 analysis of covariance computed to

oonpare the subjects®™ attitude towards nap
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reading revealed significant differences in
method variances (7 - 16.19j P<0.01). The
programed instruction croup showed a more
significant favourable attitude towards nap
reading than the conventional text rroup* The
other variances were not significant* The author
attributed the store favourable attitude shown

by the experimental croup to two factorsi

1* The programs were well validated!

2* Prognuaned instruction usually emphasizes
immediate confirmation of results, active
response, constant evaluation, appropriate

practice and graduated sequence*

The author contends that these two factors
night have made nap reading easier and nore
satisftying and therefore eore liked by the

programmed group*

A 2x2x2 analysis of covariance was also
caexputed to coetp&re the subjects®™ attitude towards
the program, Methods (7 - 43*121 P<#01) and
sex C - 3*79; 1< *05) vorl.-mcco MOO found to
be significant* The programmed group had a sore
favourable attitude towards the procran than

the conventional text group* Boys vers found
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to be more inclined to progreamed lootmet ion
then iirla. Initially, the control croup
exhibited a more positive attitude towards the
rroi-rm than the experimental croup* After
instruction, the trend changed, the experimental
Croup now showing a more positive attitude than
the control group* The author suggest* the
reason for this to be the length of time both
groups were in contact with the programs* -he
control group were in contact with the programs
for only throe sessions at the beginnlag of the
study while the experimental group were in

throughout
contact with the program/tha learning session

A correlation of r - 0*142 between post-
tost geography achievement »nd post-test
attitude towards the pro r.usa in the experimental
croup sue csts that a poaltive attitude towards

the program do a not necessarily result in high

achievement*

The restilts of t -is study have coufimed
some of the earlier researches reviewed in this
thesis th t learning is greater from programed
materials than from the conventional materials

covorimg tha same span of information am the

program* -ho finding thnt boys tend to like



the protjnm core than the girls indicate that
boys like to show more independence in their
work than the Girls wno like the supportive role
Of the teacher* This f*.ct is confimod by
ohiwuni®s study (11, 197*0 which reported that
boys learned aore through the program while

girls gained aore frees the histao teacher*

Another cooperative study involving
pro, raaaod and conventional instruction in Africa

was carried out by Uoebuck (14,1968j5*

The investigation was done with fourth-year
students in a second, ry granaar ochool in West
Nigeria. The progresned and the conventional
groups wore stated to be of equal ability in
physics* The groups were arranged on the basis
of their and-of-ye?r examination taken in

Jocaaber, 1967*

A pre-test (Xuder-nlohardson reliability*
0*36) woe administered to ooth roups on

—el>e 2 1968* The 17 = itea objective teat

11
Op* cit*
14

roebuck, K*: A* definite conclusion in a comparison
between conventional and programed instruction*
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oontained pre-requisite and. pre-knowl<;dge items*

Between Feb* 2 and Feb .19, 1966 both croups
underwent an instructional course on naas, weight
and density during normal lessons* Core was taken
not to disrupt the syllabus orran aments for the
tens* The programmed group worked through s
pro rauaed text supplemented by the standard
school practical experiments supervised by the
teacher while the conventional croup followed
the normal ,chool sysllabus but carried out the
sene standard experiments as the programmed

instruction group*

At the end of the instruction, on Feb* 19,
1968, a 19 - item post-test (EndsivRichardson
reliability* 0*65) wan administered to both
groups in the study* ho retention tost was
administered due to what the writer ceils "political
and adoinistratlvs difficulties*" The tests
administered were based on tbs content of the
program and on those supplied by the writer of

the program*

A t-teat was usod to compare the means for

the two t;roups in the pre-tsst and post-test

The results show that the non-prograsmed

group performed significantly better than the



pro*:ranted group in the pro-test achievement
(t = 2*%9&*1 *01)* 1la the post-test* the
programmed group shoved superior performance

to the conventional ,roup (t - 2.635* I£*05>)*

On the basis of the initial differences
shown in the pre-teat analysis* the author decided
to equate the -roupe by using on analysis of
covariance. This analysis revealed that there
was s significant difference between the
regression coefficients (F - 31.67* «<X>1).
According to the author* this significance shows
that the pre-test/post-test relationship for
the two groups was not of the sane fore. The
two groups say have learned different aspects

of the subject natter™*

A s author concludes that though the programed
group showed superiority over the conventional
group* the results show that the two methods
emphasised different concepts and hence the
observed differences in attainment were a function

of the tasting procedures used*

Studies on programed learning have not
been limited to comparisons between programed

instruction and conventional instruction* fomo



studios have examined the effect of the program
on retention* Dick (15*1965) compared the
immediate delayed performance of students who

worked in pairs with the performance of students

who worked alone*

The major purpose of the study was to
determine if the paired use of progressed
materials* which involved verbal interaction
between two students resulted in superior
retention when compared to a rroup of students

who worked alone*

The subjects were students who enrolled in
mathematics at the Pennsylvania State University
in the Winter Term* 1962* The subjects were
randomly assigned to two groups* one _jroup
consisting of students who worked in pairs and
the other t;roup* consisting of students who worked
alone* Both groups were tested for verbal sad
quantitative ability with the school and College
Ability Test (iidkT). The paired roup had the

program placed between two students* The students

15
Dick* W*t Individual u.o of pro
instruction* The Kathcmatlca I< Vol. 58*
Ho. 7* 1965* ppTOT -
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discussed the material In the progran with

which they had difficulty*

Daily tests, nid-tom testa and final
examination were adniniatered* An analysis of
covariance unin, total aGAT scores as the control
variable showed no significant difference between
the two {roups on their total daily test points,
nidtera and final examinations, or the tost of
transfer* Ko uignifleant difference wes shown in
the subjects* attitude toward the course 1in

general or toward the progrsn*

One year later, during the latter weeks of
the Vinter Tern, 1963, 60% of the students were
retested* An analysis of covariance was used
to teat for the significance of the difference
i«L retention of paired and individual groups*
The poat>*teat scores wars used as the control
variable while the retention test scores as the
criterion* The results show a significant

difference (F - 3.77* 0.05Z. p L 0*07) in favour

of the paired ;roup*

When ability ae»sure (SCAT) and post-test
scores were correlated with the retention test

to datemine which variable was a better
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predictor of retention, it was found that the
post-test scores was s significantly better
predictor of retention* The correlation

between the final examination and the

retention test van r m 0*89 for the paired group*
The correlation between total SCAT and the
retention test soores was r - 0*43 for the sane
group* The difference between the correlations
was significant (t - 4.95; 0*01)* ?or the
individual treatment roup the correlations were
r - 0*77 between the final examination and
retention test, and r - 030, between SCAT scores
and retention test scores* The difference
between these correlations was also significant

(t - 1.96] P/. 0.06)*

The results of this study led the investigator
to conclude that the benefits of paired learning
are found in the retention of the notarial and
not in the immediate performance of the material*
The correlations between the final examination
and retention test for both groups show that the
beat predictor of retention is the pest-test

achievement and not s general ability measure*

Though the researches reviewed here have

conflicting results regarding the superiority
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Ot the program over the conventional nethodt the
general view convoyed la that the program teaches
better than the conventional Method and that

the program encourages the students to be more x

independent in their work*

The superiority of the program over the
conventional node of instruction was reported by
Murdoch (6, 1968)t Banghart, et al (7* 1965)*

Fwrkar (12, 197%) e Okunroti/a (13, 1968; and
hoebuck (14, 1968).

hahiwuni (11, 197%) found the program to
be nore effective with boys but girls find
thea&elvee nore at hone when they learn through
the toman teacher* Although aolmberg (10, 1966)
found no significant difference in arithmetic
achievement, his experimental group, i*e*, the
group that learned through the program* showed
more i1ndependence iIn their work* 1iupils* general
opinion wes that they learned sore from materials
than from conventional materials. Dick"s study
(15* 1966) reports no difference when the
perfornanoe of children who loomed by the program
in pairs was compared with the performance of
ohildnea who learned individually also by the

program when measured by s post-test achievement*
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ifcst whan a delayed pout-test achievement was
given, the paired group retained more material
than the group working individually* This
8hows that the program is more useful for the
students learning in pairs than for those

learning individuallye

Meadowcrofta findings (9, 196%) are
somewhat contrary to the findings of researches
reviewed here* He found no significant differences
between the programed instruction group and the
conventional instructional group whan total
scores were considered* But when scores for
different ability groups were considered
significant differences were found between the
accelerated sections, with the accelerated section
of the control group performing better than the
same section in the experimental roup. Headowcroft
put forward one useful point that should be
considered carefully by future researchers, nanoly
that the success of any program renains with the
design of the materials and equipment and the
utilisatioa of the instructional devices*
djnghak®a (7, 1963) suggestion reinforces this
vlew* Banghart suggests that for any program to

be useful, i1t must be used in combination with
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the teacher. The teachers involved with the
pragma oust show coxapetence in handling the

program end they oust also show iInterest in

the pro ram.

Jamieson"s study (8, 1969) considered such
variables like mathematical ability and age. Be
found that it is mathematical ability and not
age that affect achievement. The study further
revealed that older people are just ae
enthusiastic to new materials as the younger

ones.

The findings from the researches reviewed
in this chapter have guided the iInvestigator
of the k resent study to plan his work, specifically,
the present study has boen planned and designed

along the lines of some of the researches so

far reviewed.



CHAPTER THOLE

p.sciawttB <> 4**<n of m~aroa

This chapter reports the procedure and
design of the present study. The chapter begins
by describing the construction of the learning
materials and measuring instruments, then moves on
to describe the conduct of the pilot study.

Finally, the chapter duels at length on the sain

study.

3.1.0 Uiu, - g Hy r e W.Mn!il&i.

HAniai ;®If

?he lro -ram

In January 1977* the investigator of this
study set out to writs s program which would
constitute the learning materials for the subjects
in his main study. The writing and the try-out

of the programed materials went on simultaneously.

The investigator secured permission from
the Headmaster of Hairobi Primary ool to test

his programed materials with the pupils of
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stand ard six* The purpose of the try-out was
to enable the writer to reconstruct the frames
so as to enable the pupils to go through the

program with Minimus difficulty*

The subjects for the try-out consisted of all
the pupils in the three streams in class six iIn
Nairobi Primary dchool* The headmaster felt that
Making use of only on<~» ela s would put that class
at an advantage over the other classes when they
cone to do the topic now under investigation
(probability)* The iInvestigator was granted
three lessons s week of 35 Minutes each in each

class*

The topic chosen for investigation was to
be learned during the third tern according to the
syllabus arrangements* The Material was presented
to the childi em by means of an overhead projector
which was borrowed from the Resource Section of

the Faculty of education, Nairobi University*

each pupil read each frame projected on
one of the walls of the classroom* Pupils wrote
down their responses to the questions in each
frame on pieces of paper supplied by the

investigator* At the end of each lesson the



Investigator collected the papers for marking*
The frames so far presented to the pupils were
then revised on the basis of the pupils*®
responses* If a frees was correctly responded
to by 80ft or store of all the pupllsv such a
frame was thought to be good and was therefore
not revised* The revised frames *ere egaln
presented to the pupils iInc again revised on the
basis of their responses to the franes* The
process continued for a period of one smith*

By the end of the fourth week, all the ITS frames
had been revised et least three times* The
revised frames were then typed and stapled into
small booklets, with answers given at the back

of each page* Three booklets comprised the whole
program* The Tfirst booklet was on ldeas about

chance events* Here are two examples*

VAy.rte.,STi
3* Some things are more likely to happen than
others*

(@ which Is mors likely, that one of the
pupils in this class will be absent or
that the mathematics teacher Sn this

class will be sbsentT
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(b) Which la acre likely, that you will
hare tkgali for breakfast or that you

will have u «li for lunch?

(Ugali is a stiff porridge made of maize,millet

or cassava flour)

a1

Xou are to play a gane with your friend* Tha

gane 1a "Toss a die once and see who wins"
(The die is cubic)
In this i1fane you win if 1 shows up* The

other player wins if 3 shows up* 1In order
to decide whether the gane i1a fair or unfair

we TFirst list all the possible outcomes

- - . .. « and

The second booklet was about ihcperinents in

Probability* An example follows*

mxarmple 02

43*

6 » L4 e t ¢
« 0 j¢oo* * a c * 0 «
Tally o, 777 i U 11 «0-/

Total

Hsus toaaed a die 20 tines and recorded her

outcones in the following tablet

UOmMPt  po. QFf Ho. OF HO. OF K«. OF

Z k 3 7- 3
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Ton now toes a die 60 tiaea and sake a record of
the number of dots on the top face* -iecord your

results la a table such as the one shown above*

44* Use the results of frame 43 to answer the

following questions*-

(a) How cany I*s did you e«t? _
(b) How nany 3"s did you get? _

(c) Dbid you get each outcoae about the sane

nuabor of tinea?

The third booklet was on *?2inriin<: Probabilities*"

Here is an erampla:-

m w ,toitt

108* -hen tossing one die, we hove six outooaes™*

We writs the 6 under the bar of e fractions

6
Getting the outoono 3 is Ju.t as likely as any
of the others, so we expect it about ~ of the
tine* We say, "the probability of 3 is

wa writ# p(3) =

The i1nvestigator found i1t expedient to
divide the program into the three sections
because he believes that pupils should first involve

themselves with experiments before they cone to
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find probabilities of areata* It was hoped that
the first and the second sections of the program
would enable the pupils to distinguish between
the expected and experimental outcomes* After
the pupils hare fanillé&risod themselves with the
two sections, they would then be able to find
the probability of events by employing soae

abstract reasoning*

The program was constructed by the iInvesti-

gator from the following bookss-

1* Kenya Primary Mathematics Book 6 (Pupil*a and

Teacher®s Books)*

2* Kenya Primary Mathematics Book 7 (Pupil’s and

fsacher®s Books)*

4* Secondary School Mathematics (Special _xlition.
Student®s Text and Poacher®s Gamaeatary) by

the school Mathematics Study Group*

Boring the try-out of the program, the
pupils were not exposed to the answers to the
frames, so there was no immediate confirmation of
results* -ho answers to the francs were read out
to the pupils by the iInvestigator after he had

marked their scripts*

At the end of the try-out, a 20-i1tem

achievement test and a $ - item attitude
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queotionnaire towards the program were
administered to all the subjects in the

try-0Ut Study. Item analyses for these tests were not carried
out)

She purpose of administering the achievement
tC3t wan to find out whether the Pro ras, now
believed to be in 1ts final fora could teach.

The Bean performance of the pupils was 8.5, with
a standard deviation of 3*% narks. (The test

was narked out of 20).

The attitude towards the program
questionnaire was administered to find out whether
the pupils liked the program or not. It was clear
from the pupils lively behaviour in the class that
they were highly enthusiastic to prograoned
Materials. One item enquired whether pupils
would like to use pro, roamed materials everyday.
70% of the pupils said that they would like to
use pro, maned materials everyday and 20% aaid
they would not while 10% were not aura. 75% of
the pupils positively responded to an iter, which
required them to state whether they preferred
programmed instruction to their usual mode of
instruction. The positive response indicated

that they preferred the pro ran to the mode of
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instruction to «.hich thoy had been accustomed*
In general* the pupils ol the try-out study
expressed favourable attitude to programmed

materials>

bince the program was tried-out with pupils
of a high cost school in Nairobi (the high cost
school pupils are generally nr,cured to bo
Superior in acadeaic performance to the pqgpils
from low-cost schools)* and since the actual
study was to be conducted in Kinumu with pupils
from low-cost schools* the investigator thought
it fitting to try-out the "finished"™ program with
a sample of pupils from a low-coat primary school
in Eisumm Town* One single-streamed school was
randomly selected from all single-streamed
schools i1n KIsumn Town* In this school* all the
50 standard six pupils were subjected to the
try-out study* Tha study was conducted in mid
February* 1977* The linear programs were handed
to the pupils section by section* They went through
the program individually und at their own pace*
When a pupil completed a booklet he collected another
one from the investigator* The investigator allowed
the pupils to take the program* home so that the

study could be completed in the shortest tine



possible* This was dons under the assumption
that the pupils would continue to read the

progress at hose*

Answers to each frame were provided at the
back of each pn e. At the end of each aection,
there was a self-test with answers following
the test* The pupils were required to do the
teat* then confirm their responses from the
answers* The major difference i1n learning
between the try-out subjects in Misuse and the
try-cot subjects in Vuirobi iIs that the try-out
subjects in Kjgiaau were provided with Immediate
confirmation of results* This is to say that the
program* now considered to he in its final form

hud answers to the frames at the back of each

At the end of the third week of instruction
the subjects were administered a teat on
probability aimil r to the one adoinistered to
the pupils In the try-out study in Hairobi
Primary Johool* The mean and the standard
deviation for the ucoree for 50 pupils were
conputed* The mean was found to be ?*6 with s

standard deviation of 5*5 marks* The results



bar* vert found to be somehow comparable to the
results of the subjects in Nairobi (mean 8.5,
standard deviation 5.3). The iInvestigator was
then of the opinion that the proems could teach,
and did not therefore require any further
revision. He then set out to conduct e pilot

study.
3.0.1 m:, a ,-..aa

She lessons used by the control were
constructed, from the program. This was to
ensure that the content covered in the lessons
was comparable in style and difficulty to the
content covered in the program. Like the program,
the lesson was also divided into throe sections:
section one contained various "ldeas about
chance," section two was about "Experiments in
Probability” and the third section dealt with

“"binding Probabilities."
3.2.0 GMIMOIOTItf Or m N ES

Before the pilot study coonenced, pre-test
acnievememt and post-test achievement to be usod
in the main study were constructed. The tests

were constructed from the programed and the
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lease* notes* This was to ensure that the iteus
in the test did not favour any one instructional

nethod*

3.2.1 aqii -v-reax

This consisted of 15 multiple—choice items
designed to nsasure the pupils* initial knowledge
of probability* The test MBpled the information
to be covered la the program and in the lesson*
Theas questions wore s revised version of the
questions originally administered to the
try-out subjects* A final revision of items was
done in the pilot study before administration
in the main study* ftone of the items were of a
general nature* designed to measure s child"s

ability to reason intuitively*

The item§ were categoriled according to
Bloom®"s Specifications (16* 1971). Bloom"s
categories of cognitive levels into which the
items were divided include knowledge of specific
facts* comprehension* application and analysis.

The subjects in the study wore not aware of

16
Bloom* 3*8** et all Handbook of fornative and
suzm&tive evaluation of student learning.
HcGraw - Hill Book Co** 1971* pp* 271 — 273.
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this specification.

After careful screening of the pre-teat* only
three itone remained to test children®s knowledge
of epeelfio facta* -n it has been stated earlier
in this section* knowledge itens wore rather
general, mainly designed to test a child"s
intuitive reasoning. Examples of knowledge*

comprehension, application and analysis items

follow below*—
Aanrle 003 (Knowledge)

Think of spinning the pointer of the spinner
on the right* The pointer is likely to
red
(s) % of the tins*
(b) 1/5 of the time
Co) O of the tine

(d) all of the tine*

curable O0A (Comprehension)

Ateka spins the pointer of a spinner 100

times and gets 25 red, 25 bine, and 50 yellow*

Which of the following statements is true7?

(a) The dial of the spinner is K yellow.

(b) The dial of the spinner is ™ green*
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©) The dial of the spinner Is % blue*

(a> The dial of the spinner is all red*

xanr.le 008 (Application)

the table below shows all the possible

outcosies when two coins are tos»ed*

Second WRo

nt.ov Tail
First Head Head, Head Head, Tail
coin Tall Tail, Haad Tall, Tall

what s the probability of getting a

heed and a tail?
(@ H <*» K iIc) \ @ 1~

1£52£1S-22S1 (Analysis)

Tabu®s bag contains three earbles, one
red9 one white and one blue* |If Tabu chooses
one Marble without looking, whet is the probability

that tha warble Tabu chooses i1s red?

® 1 © (@ o*
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3.2.2. ag.ii -V . .;0

Thitt consistud of 20 objective type iteras
covering the prograa and the lesson, 1ihe items
in this test were also categorised according to
31loo00"a specification (16, 1971). Examples of

ouch i1tene are given below.

-resale 007 (Knowledge)

1) 1If an event is certain to occur, ite
probability is:

@ 0 (M # () 1 ((d) Greater than 1.
008 (Coapxehenaion)

5) The probability of throwing exactly four
heads and one tail in a toaa of five coins

le —~ * What is the probability of not

throwing four heeds and one tail?

- N b 1 () 2z (@ o.
32 52

16
Op. oit.
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-jcaapj# 009 (Application)

11) 1In a ~aablin ; gane where one coin in to be

t— sod a player wine if he scores two headsand

oaa tail* How anny tines oust he toss the

coin?

(a) B tines (b) once (e) three tines
(d) twice*

hxaiaple 010 (Analysis)

IB) Two die* are tossed toe,ether* Ufcat is the

probability of setting a aua of 6 or a sua

of 7 7

c.) | () 3 to) u uj

20)

Ttas spinner above is divided into six equal

regions* Use it to find the probability of
either tied or 1*

@ = by ~ ©@ | @ =
3 6
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Lika the pre-teat items, the ;ost-teut

items received careful scrutiny, feein*: revised

twice before the investigation*

The i1tems were arranged in the following
orders items one to four were knowledge items,
items 5 to 8 were comprehension items; number
9 to 15 were application items and iteaa number
16 to 20 comprised analysis items* The pupils

were not aware of such an arrangement*

3.2.3. Jksu,qi tip* OF :@a:cwmTVfz Lsv:~

As has been mentioned in sections 3*2*1 and
3*2*2, the pro-tost and post-teat were categorized
according to Bloon®s laxonoaony of Educational
Objectives into four major cognitive levels*

These are* knowledge of specific facts,
comprehension, application and analysis* Bloom
includes two other levels, namely synthesis and
evaluation* These two levels were considered to
be beyond the level of pupils under investigation*
The study, therefore, was limited to the firat
four levels of cognition* A description of each

Of these fTour levels follows below*



Bloc® defines knowledge u recell of specifics
and universale, the recall of methods and processes,
or the recall of < pattern, structure or setting*

In this level the pupil was required to recall the
material learned earlier* for example, if he Is

able to recall that if an event i1s certain to occur,
then i1ts probability is 1, then he has displayed Ms
knowledge of that fact* This fact will be remembered

from the fact that 0 £ P£ 1*

t-vilygwnriflii

This represents the lowest level of understandin
Here, an individual is supposed to know what is being
ccmsunlcated and should be able to make use of the
saterlail or idea being coeunleatad without necessarily
relating It to other materiel or seeing its fullest
implication* an example of an Item Included
In this category has been given in example 008*
Here the child was told that the probability of
obtaining exactly four heads and one tall in a
toss of flva coins was He was then asked
to state the probability of not obtaining four

heads and one tall? This item required the
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child to know th t the probability or 1 sure
thing is 1 and thou use thin knowledge to find

the cospleoent of obtaining four heads <y

tail.

-~“plication

lii thin level the child in required to apply
the neterial already learned and eonprehended to
new situations* Application in defined by
an the u”e of abstractions in particular »ik»
concrete situations* The abstractions nay be
for general i1deas, rules of procedures, generalized
oethods, technical principles and theories* These
should be roneabered and applied in new

situations™

In this level a pupil is required to break
s given problem into Ita constituent parts so that
be dearly understands the relations between
Ideas expressed* One exanple of this level is
given in Sxanple 010, item no* 18* In this
exaapls the child is told that two dice are
tossed* He is then asked to find the probability
Of getting either a sun of 6 or a sun of 7* The

child is required to break down the Infoxnation

as follows!
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(a) He draws up s table.
(b) He lists the outcomes whan one dice is
tossed, on the top of the table*
(e) He lists the outcoses when the second
dice is teased, on the left of the table*
(d) He then writes down the elesenta iIn an
erde.ed pair in each cell of the table then
the two dice are toased together*
(e) Finally, he adde up each of the ordered
pairs to see which ordered pair gives his
s sun of 6 or s sue of 7* ouch e table is
ell below*
No. on Second
die
1 12 31 * 5 6
111 e 1.3 j1%5 1-6
No. of \2 2,1 2,2 2.3 2.4 |2.5 7.6
Firstdie 3 5,1 3,2 3*3 3.* 3.5 3.6
o 4.1 <4,2 *e3 14,5 4,6
5 5,1 15*2 5.3 5,4 5.5 5.6
iI6 6*i je*2 6.3 6,4 |6,5 6,6
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Pros the table the child will see that
five eases will give him a sub of 6 and 6
pairs will give his a sub of 7 The total is
11* Hence the probability of obtaining a sub
of 6 or a sun of 7 when two dice are tossed 1is

Thus before the child finally settles
36

to an unaver of ~ « he would have reasoned
36

through six stages* The sixth stags involves
counting the msober of cells to got the eanple

space*

3.2.4 ranra .Aaiiiar.

One of the variables coraonly investigated
in s progressed learning experiment is children®s
reading ability* One question often asked 1st
Do good readers always perform better in an
achieveaent test than poor readers?” In order to
answer this question a 17-itea reading ability
test van given to the pupils iIn the study* The
test wan constructed by i1* F* ochonnell* It
was administered to the subjects without any
revision nado ss an analysis of the pilot study
revealed that the test had n high reliability

coefficient of r « 0*89*

In this test children wore required to road

short sentences silently then respond to n
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question at the end of the sentence*

3”~"5* futh”™ tical A-1ILINn

An average of three teste* namely,
Jiacnostie Test in Vulgar motions* Arlthnetic
-reasoning and working with Humbexs constituted
the nathanntical ability measure. The
uitagnoatio Test in Vulgar lructions was a
24 < iton lest constructed by Je ¥_. ~channel*
-he remaining two tests* Arlthnetic I<»cnnni”™»
and Working with Huabera* each comprising 10
items were obtained from the supervisor®
Hrm G. a* iahiwani. Reliability coefficients
for these three teats were as follows)—
-xactions CkfigQ « 0.93) f Arithmetic Reasoning

0.64) and Working with 2*unb«ra (r» 0.55)#
(r | £ = split-half reliability coefficient) 2

3.< .g.o IVTITUEIS U ”“tioknai he

Two attitude questionnaires vers administered
to the subjects in the main study. These were
Pupils* attitude towards mathematics and pupilo*
attitude towards the program. These two scales
were obtained from the supervisor Dr. G.S. “hiwani.
The major purpose for adaicistoring these two
attitude scales wee to see whether e pupil®s

attitude towards a subject or towards the method
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by waxoh that subject is loomed is a good

predictor of achievement in the criterion

test*

%2.6.U A35170DE 7 O - »Umita”Cé6

The questionnaire comprised 22 iteas*
This woe a fcur-poxnt Likert-L/pe attitude
scale ranging fraa Hnroogly Agree to i>troxx;ly
Disagree* The scales used to quantify the
ituaa were utron ly osree, agree, disagree and
strongly disagree* The pupils were asked to tell
how they felt about each statement by circling
one of the categories* The categories were
respectively given differential scores of *2, +1,
-1» -2 for strongly agree, agree, disagree and
strongly disagree* The attitudes expressed by the
subjects were scored in the bane direction, with
agreement with s positive statscent scoring the

sane as disagreement with a negative atetecent*

A H the three instructional groups were
administered this attitude questionnaire* The
attitude inventory was not extended to teachers
as it was thought that the teachers involved in
the study were too few to give s representative

opinion of all teachers* However, the teaching
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assiutanta expressed Tory useful i1dea**

3.2.6.2 tSSLW??- B, r -ML&LL&M

This was a 12 - item Likert - typo attitude
scale* irive categories were used to quantify
the i1tena* These were strongly agree* agree*
undecided* disagree* and strongly disagree* The
categories were giYen scores of +2% .1, 0* -1, and
—2* respectively* The pupils were asked to
indicat# the atrex”;th of their preferencea by
circling one of the categories* Zt was assured
that tbs pupils®™ choices would represent a true

picture of their opinion*

The itena contained six positive and six
negative itena readonly nixed within the test*
As iIn the attitude towards authen tic* questionnaire*
the attitude townrda the pro ran were scored in
the sane direction* with agreeaent with a positive
statement scoring the sere as disagreement with a

negative statement*

3.3. n'"

The experimental materials consisted of

glass sarhles* dice, spinners of various sides

and coins*



Die# were Mods out of a 1 in* xI in* xl
io* pieces of wood by the iaveutigator et the
Kenya Institute of Education workshop* The faces
of the cubes were Barked iIn such a way that the
sub of the opposite faces was 7» Glass Barbies
were bonght fron the shops* The teaches were
asked to cO08tract spinners with their elasses
and hare then ready before the start of the
experiment* Kach pupil involved la the study waa
asked to provide hia elf with a 5 - cent, a

10 « seat and a50 = cent coin*

All these experimental aaterials were ready
before the a&is study ootosencod* The investigator
provided all the aaterials needed for the pilot
study save the coins which were provided by

every child involved in the pilot study*
3.*.0 turn ..ajar

At the close of the try-out study, in the
second week of ftarch when all tho asueurlnc
instruments and learning tasks had been

constructed, the investigator set to conduct a

pilot study*

3*4*1 PURPOSE OP THE PILOT STUDY

The purpose of the pilot study was twofolda-



1* Co find out whether the revised program
could be successful i1In teaching* and
2* To find out the suitability of the testa

to be administered in the nain study*
3*4_2* FOR THE PILOT STUDY

One single-streamed school was randomly
selected from all single-streamed schools in
Klsuan Town* Che school selected was ane of tho
low-coat primary schools not involved in the
try-out study* All the standard six pupils in

the selected school constituted the subjects for

the pilot study*
3*4*3* m-rmrong

After the pilot study school had been
selected all the standard six pupils in the

school wars administered the following tests*

1* A 15 — item probability pre-test designed
to measure the pupils initial knowledge of
probability* Che pre-test was s revised
form of the test administered to the try-out

subjects*

2* A test cm Children®s reading ability taken

from J* Wm Johonnsll®s "Diagnostic and



Attainment Testing" Teat A.

3» A test of children®a general mathematical
ability. This included arithmetic reasoning,

fractions and working with numbers*

A. A post-teat achievement* This test was
ftdainlstored to all the pupils present

iasedlately after instruction*

Ko retention test and attitude questionnaires

were administered to the pilot study croup*

3.AA* >

After the administration of the pre-teats,
s course of instruction in probability, supervised
by the i1nvestigator was given to all tbs pupils
in tbs class* The learning task oonsisted of s
175 — frane linear progress* presented in three
sections* As noted in section 3*1*0, section one
of the program was about "Thinkingll about chance*"
Tbs pur. oss of this section was to atisolate pupils
to think sore Objectively about chance events*
Pupils would have an opportunity to test their
intuition through participation end discussion*
This section was supposed to encourage children
to tsake guesses, estimates and predictions about

chance events*



section two dealt with "KsperiasAta in
Probability*." This oection was .osinod to
help pupils clarify their concepts of chance
and uncertainty* By performing experiments
with dice, narblea, spinners and coins, and
tabulating their results, pupils were supposed
to discover possible patterns aoong chance
events to use these patterns to eatinute
future outcomes* An estimation of future
outcomes would enable the pupils to distinguish

between experimental and expeotod occurences.

Frans 99 of section two requires children
to intorpret a bar chart* This is to reinforce

their ldeas relating to probability*

Finally, when the children cone to
section three of the program, an assumption la
nads that they bars gathered enough data fren
their activities iIn sections one and two and
can suonarino those data in tables* 1In section
three, pupils are supposed to use the i1deas
gained from the previous two auctions to calculate
the probabilities of events* Here, they are
introduced to the u.e of rational mashers as a
measure of probability* At this stags of learning
probability children are assumed to be capable

of abstract thinking*
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3*4*5* PKOCKDUKE

A linear pro."raja was handed section by
section to each pupil in the class* A pupil
could discuss the contents of the progran with s
friend 1T need be* Pupils were allowed to take
the program hone* Problems encountered by the
pupils when going through the program wore
explained by the investigator* The questions
asked by the pupils were generally concerned
with language problems* The pupils were informed

that they were i1nvolved in an experiment*

Five periods a weak was allocated for this
exercise* The instruction lasted 3H weeks* at ths
end of which s post-test in probability was given

to all the subjects present*
34.6* paoflLits eadant - d in ?iik pilot jtujt

At the beginning of the pilot study* all
seened to be going on very well* The regular
mathenntice teacher who was also the headmaster
of the cehool initially showed a very positive
attitude towards the whole progress** He indicated
to the investigator that he would be present
during the experiment to gather some ideas on

probability as he hin elf was not sure of the
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subject*

One week later* the regular mathematics teacher
changed his attitude* lie now asked the investigator
to wind off his work since the class was behind
and he wanted to complete 300k oix in time = that
is before the end of the 70 r* The investigator told
the regular teacher that the experiment had just
be an and that he still had three weeks before ho
could wind off his work* He reainded the teacher
that permission to conduct _he study in the school
had beam ob ined from the Municipal Education
Officer and that the results of the investigation
would be beneficial to the whole country* 1iurther,
the experisen-al materials and the programmed
booklets would remain in the school* The
investigator felt that choosing another school
for the pilot study would be expensive both in
terms of time end oney, as he had scheduled the
main study to start in Hay immediately the schools
open for second term business and ail the pre-test
and section one of the pro ran had been gives to
the subjects in the school* After two days*
the regular class teacher changed hie taind and
allowed the i1nvestigator to continue* has been
staged earlier* the investigator was allowed

fire periods a week for his experiment while the
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regular aathematics teacher In the dasu used the

remaining fire matheaaties periods*

It should be noted that lack of co-operation
was only Halted to the toachor* The pupils on
the other handt showed such enthusiasm throughout
the experiment* yven trough the pu.-ils were
enthusiastic to the pro<;raamed materials* the
investigator strongly feels the attitude of
the headaaster to the whole exercise contributed
greatly to the pupils* low achieve -out In the
post-test™

R u-Ju__ i —

Xtea analysis was carried out for all
the tests uaod in the pilot study* This was to
find out the appropriateness of the teats to
be u”ed in the main study* The sean and
standard deviation for each test were computed*
decides* the facility value for each item* itcc
diucrinln-itlon index* the reliability
coefficient and the variance of the proportions

for each test were computed*
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Variable 1
Fractions_
Facllltyi .64
Olmetintination l=25
rithaotic
Reasoning!
Facility* *63
Discrimination!*14
silent
Haadlngi
Facility! .97

Discrimination!*05

forking with

Numbera

Facllltyi .19
Clocrlalnationl.18
Probability
Post-tasfc

Facility! *4

Liserin!nation!#39

/1
49

=09
=13

-74

«31
.33

-14
e2

.66
=69

AND

23
=28

- 95 -
TABLE X

WCPIMNATEI®T* _XHMi.L., FC* THE 1ILVT vTULV

ITEM NUMBERS

6 7 8 9 1C 11 12 13 14 IS 16 17 18 19 20 21 22 23 24

36 *43 <57 .79 .26 O .33.21.83.74.07.36.24.29*07.02 0 .39.10
el @2 @3 <25 3-.0S.15.2 .2 .25.15.4 .2 .05.05.03 0 .3 .1
e5]1 32 41 _39 =39

36 =36 *36~*05 <18

«76 =55 <69 .74 .74*74.55.21*29*50.5ft.18

-3 015 5 -4 -1 -35-13-2 at -2 -35,2

e45 o4 <28 26 <19

«36 «23 <09 =23 =09

34 46 14 .40 69 .69.23.40.20.43.20.09.37.06.17

39 56 .17 5 .62 .73.26.39.11.3f.17.i1.17.04.28
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Am has boon mentioned i1tem* warm revised on the
basis of the facility and (Incrimination indices
obtained* For fractions items 3* 4, 11« 13* 16*
20, 21, 22 and 2* wars revised* But the values
obt ined did not differ much from tbs original
indices* Bat there was eli;ht improvement* The
facilitity values obt, ined after revising the
items were *28, *39* *27_ *35* *x)h5*x ,,5nhx x2g

27 respectively*

The i1tems on the Arithmetic reasoning,
silent reading and working with numbers were
not revised though there were some items which
did not discriminate well between the top 27%
and the lower 27%* For post-tost items, items
3, 8, 12, Ib, 16, were revised* The revised
facility values were as followst *25, *32,
<35, **5 respectively* Items 17-20 were left
to challenge the bright students* The above table
reveal? that many items needed revision* Due to
shortage of time, this could not be done and the
investigator vent ahead to administer the tests*
The selection of each item was done on the basis
of the facility values and discrimination
indices obtained* Items with facility values

leas than 0*23 and discrimination indices lower
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than 0*2 were rejected ra poor iteam. Slailurly,
itess with facility values higher than 0*85

were regarded as of little use as part of a

me soring instmaaont. note th.it itess with

high diacrininntinc power are good itess since
they -incriminate well between the top 27% and
the lower 27%. IT an item was rejected, another
one was const noted and then re-teated. Tinally,
the i1toaa thou ht to constitute good neasureo had
facility values spread from a lower liait of
0«25 to an upper linit of 0*65 (i.e., 0*25 L F

~ 0.85;. The table above presents a susnary of
the facility values, discrimination indices

before the i1tess were revised.
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T -BLE 2

sTAHDaNB EEVXAIIL:N_7MAJ<C.L_fTif
FRCPOBTICW3 AND RELIABILITY COEFFICIENTS FCF

"If. Avs? zs&i

No. Of NO. Of Meet st Var(P) Reliability

Subjects Iteras Coefficient
in the
test
H a—
Probability 44 IS 3.92 1.77 0.13 C.S3
>r«.tstt (K.S#)
orking
with 42 1C 3.79 1.72 0.21 o
Nunbers &4§
Fractions 42 24 7.74 3.42 0.16 0.93
K-F.)
Arithmetic 41 10 4.76 1.89 0.23 0.64
ewening U.H.)
Silent 16 17 11.37 2.52 0.16 0.89
heading K.F.)
Probability
Post— teat 15 20 7.2 1.86 0.19 0.81
K*h.)
5. h. - Split - half

K> bm m Kuder-flcharCson



Kutier - Richardson forsraln 20 was

naed to calculate the reliability coefficient
of the following teats* probability pre-tect
achievement, probability poet-test achievement,
-motions end Silent heading* The regaining
tests, namely, Working with Pushers and Arithmetic
eaaoning were subjected to the Spe-man — Brown
formula (split-half nethod) of calculating
reliability# It was found that Kuder”&chardson
fcrnula 20 yielded unusually high reliability
coefficients for these two tests and hence it

could not be applied#

Table two above shows the average score,
the variance of the soorea and the variance of the
proportion of correct answers for each item# 1iron
these figures, K.i20 was calculated as an index
of the extent to which the variation of the
snbjeots®™ raw soorea was s tens Indication of
their variation (17« 1971)* K«den»fcichard*oa

fornula 20 la also an index of the extent to

17
Keats, J# A#t An Introduction to jaantitative

Psychology# John >_iley and xmu* Australasia
pty Ltd#, 1971#
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which scores cn the second testing would
reproduce scores on the first testing* Zt is
also an Index of the extent to which the ltems

can be used to rank the subjects in the same order*

Zn order to test whether or not the
observed discrimination between subjects was
likely to have risen by chance responses, the

following formulae was useds

X2 CM = 1) <« n(n ™D

Nil - »> ¢ =
where n * number of items in the tost
ft m >.ucor-Richardson formula 20

M » number of subjects*

The values of the chi-square obtained for
the tests that were subjected to Kuder—Flchardeon
formula 20 were significant at the *Cl1 level of

significance (Table 3, page 101) *

This means that the observed discrimination
between subjects did not occur by chance but could
have been due to some other factor9 possibly

Intelligence*
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tAJUS 3
,2 W'Q m »«.?« to niia.

AN _aaoiltsa

lest K dX * P
*robJiotlity

j'rs-tsat 44 o3 no £ *01
~ructions 42 41 377 Z *01
filli t

tailing 3B 57 227*9 Z *01
liol.ability

*QOst—test 55 54 1475 Z*oi

fcbli 3 RboYe cMivw* the i; e Y™Muos tor

the tour teats*
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3.5.0 a:, k-ih = mm

3*3*1 »>aggle for the main studg

In February 1977 a lint of all primary

schools in i1i1ausai wan obtained Iron the Klaunu
unicipul Quenti n Officer for the purpose of
selecting research subjects* dince the
investigation to he carried, out involved
three treatment** and in order not to disturb
the existing classroom arrant»enta in the schools,
a decision was ancle to select schools with three
streams of standard six for the research*
iccordincly, * random sar.ple of throe schools
with three streons in stanciard six was drawn
u&ini: random digit nunburs* After the throe
schools had been randomly drawn, the three standard
six classes in each school were readonly aasi/nod
to etch of the following treatmenta» propraracad
instruction, (P1), programed instruction with
teacher instruction in snail groups, (1Pl), or

conventional ola&oroon instruction (CI)*

Originally, the uospls con;,ist.nl of 447 pu lls,
with 250 boys and 197 Kiris* But for reasons not
known to the investigator nor to the teaching
assistants, a number of pupils did not do all
the tests aduinistored* [l©hu: o wars finally dropped

at the analysis steps, leaving only 353 pupils -



192 boys and 161 girls*

-able 4 shows bow the subjects ware
distributed per trcatnent in each school before
tbs dropsst* A basic 2 x 3» cox x treatment
factorial design was adopted for the

experiment#
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TAOLC 4»

CI:TRIBUTXC» Of

B"FORC I*Ui-CUX

TttATmhTS
PZ IPX (074 TOTALS
boys JO, 29 28, 50 29* 30
27 19 28
n 250
Se ® ®
Girls 21. 28 22* 19 16, 19
25 28 19 \91
® ® <8
Totals 160 146 M | 647

Th® uncircled numbera in each cell represent
the maeber of subjects by sex In each of the
three sample schools* The circled numbers

represents tv total nMber of subjects in

each cell*

The table below shoes the distribution of

subjects per school per treatment after sees
pupils bed been eliminated st the *majysls

stage*



s reiBir:ion 1* subject. AmMu ekct- gut

TFEATHLHTS
M IPX cz TOTALS
fis 21, 2822, 29 24, 20
19 IS 14
© @) @) 192
Girls 11, 20 19, 25 16, 20
24 14 12
“ 6 161
Totals 123 124 10C 353

The uncircled numbers In «ech cell
represent the nuno«ir of subjecta by sex In
each of the thro* eenple schools* The total
number of pupils for each cell Is shown

circled*
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3.%2. nr.

The regular claasrooa teachers in each
saa. Is school were u™ed In this study# It was not
possible to enlist the services of a single
teacher i1n all the three classes as it was found
that this would interfere with the existing

arrangements in each school#

Before the instruction cosnenced the
investigator thoroughly trained all the teachers
involved in the study# All the three pro, raeaoed
booklets were given to each teacher# rhe
investigator uaed thene booklets as a basis for
instruction# The training lasted four days# lairing
the experimental period the investigator visited
each school st least twice a week meeting the
teachers in each school and reviewing the progress
Bade by the pupils# During this tins the
investigator also revised the program# The
investigator was satisfied that the teachers
involved in the study now un eratood probability

which was the subject to be taught#

In addition to teaching the teaching
assistants the content of the subject to be
taught# the investigator also briefed the teachers
on bow to conduct programmed and conventional

sessions#
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At the end of the teacher training* the
teaching assistants were handed the following

pre-tests to adainiatsr to the subjects under

their controls

*) A 15 - 1tem schierenent pre-test 1in
probability;

b) s test on childrens®™ reading ability;

c) s test on children®s general mathematical
ability;

d) pupils* attitude towards mathematics*

After the pre-test administration* a course
of instruction in probability was given to the
three treatment groups* A description of each of

the treatment groups follows!

5*5.3. m IK. = Uv-1 WJ, ft- -t *

Three instructional Methods - individualised
prograsned instruction (P1)* integrated programed
instruction (111), und the conventional method

of instruction (ClI) were uod 1in the study*

(a) he Individualised *rp, ;ry~ed +flotruetion ,LI11

An has been sentloned in section 5.1.0* ths
program in probability was a linear one* of the
Stinner type with 173 frames written by the

investigator of the present study*



The pupils iIn this instructional _roup
want through the pro, Tan individually and at
their own pace, The teacher paused out the Tfirst
booklet to each pu. il. The »u. il red a lran®
then constructed his own answer to that frame on
S separate answer sheet. The anower was then
coupared with the answer given at the back of
each pate. 1f the answer was correct, the pupil
continued on. IT the answer was incorrect the
pu il reread the frame until he understood it.
After an individual had completed a booklet he
collected another one froa the teacher. At the
end of each booklet there was s aelf-teat intended
for self-evaluation. The answers were given
followin,, the test. The purpose was to anaole
the pupil to grade hisuelf. No teacher-made

tests were given to this group.

The pupils in this treatment group were
not allowed to take the pro(rasa hose with them.
This was to ensure that the subjects of all the
three instructional roups were In contact with
the learning materials for approximately the
sane amount of tine. The teacher provided help
only to thoce pupils who sought help, otherwise

he remained ef actively passive in the class.



Hs was in clans throu bout the le; ruing
session to ensure that the subjects did not

ehaat by working fron the answers.

Each teacher involved with thin ~roup was
naked to covertly record the tin* t*ken by each
pu Il to coaplnto each section of the pro. jr<a
and uhe nuaber of tinea the teacher offered
assistance to a subject. This instruction wan
not strictly adhered to by none teacher** who
after keeping the record for two days felt that

the exercise wan laborious and hence abandoned it.

Scgffi .11*21

The subjects in this fpPoup aluo uued a
linear program aimilnr to the one ued by the
individualized pror.raaned in«truction group. 1In
addition to the pro* ran* thin <;rop also received
teacher instruction. The pu i1lIn forsad voluntary
groups between two and four pnpila in each ;roup
TW program wen placed between two pupils in
each group. They read a front and constructed
their answer* individually on separate answer

epeets. The answer®"s were then coopered with
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the answers given at the back of the pa, e, IFf
the pupils in the same .roup had the sane answer™*
they continued on. But if one of then had an
incorrect response to a frame* they discuued

the naterial in the fraae until they all
understood 1t. If* however* after the discussion
acme uoabers of the group h*«d not understood

the Material in the fraae* they consulted the

teacher who helped then overcone their difficulties.

The teacher of thia instructional roup
visited each subgroup fron tine to tine during
the learning session discussing with the neobers
Of each Toup the difficulties they encountered
in the frames. He also offered then hints for
further discussion on their own, J1ixeeptiona were
obuurved in one or two schools where the teachers
concerned left the pupils to ™o through the
progress alone without offering then help. The
Investigator drew their attention to the possible
efxeets of their behaviour, Bat this did not
change the situation TCcrj ouch in one school
where the teaching assistant got involved iIn
sporting activities during the last week “of
investigation. The investigator considered it

too Into to recruit another teacher.



As iIn the pro<jr«amed instruction croup9

no teache.T*»»nris tewts were given to thin group*

c)* ) Col)

The jui ilo In this iroup received
conventional instruction* (Thin Method* rucocme-
aded to be u ed in the priau“ry aohools of Konya,

la usually referred to am the Guided Discovery

Rethod)*

A booklet in probability containing; the
ease material ns the pro ran was constructed by
the iInvestigator and issued to each teacher
involved with the 01 jroup* Tho teacher prepared
his daily lessons from the leuoon booklets* The
Au:ils worked in ,,roupa of four throughout the
learning > aion* The teacher poned questions
to the pupils to help them discover mathematical
rel tiesuhips* Unlike the 1*2 ils in the M or 121
croups, pupils in this *roup were given exercises
to be done in class and at home* The teacher
marked these class exercitoa and homework
assignments and then discussed the assignments
in class* At the end of each section “"k~eacher
administered s short test to the so..bere of this
group* The test was constructed and marked by

the teacher™
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It should be noted that the pupils in
this roup vert not _.iven probability booklets*
mother, the teacher wrote the problems for disci**
ision on the blackboard. The experimental
materials were pad* available to then Just as 1in

the other instructional roups*
5.5.4 , - .m ,, > bco-isc

At the close of the instruction which
lasted lour weeks, a 20 - Item probability test
was administered to all the subjects in the study*
A 12 — item attitude towards the program
questionnaire was also administered to the
subjects in the programmed instruction and the
into .rated programmed instruction groups* dight
weeks luter, a retention tost was administered

to all the subjects in the study*

The normal mathematics teachers administered
the tests during double mathematics lessons* The
investigator collected the answer scripts from

the schools*

The tests were narked manually by the
investigator* ror the tests, one mark was awarded
for each correct answer, an 8 for more than two

mes St m to Mi tftw, en . >8 -or m _.ii li ouf
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response* In the analysis of data, only a
correct response and an incorrect response vers
considered* /e has boon mentioned earlier, the
attitude questionnaire itoao -ore ;iven
differential scores of .2, el, 0, -1 and *2
according to whether an itea had a positive or

negative connotation*

A desk calculator was used for date

analysis*

3.5.5. C<ir*0L

la a study such as the prtuent one, it 1Iis
often difficult to hold all variables constant
except the experimental variable which we wish to
manipulate throu h our experimental treatment*
la this study an atleapt has been made to control
for some errors that would have been extraneous
to the purposes of this iInvests ation* ouch
errors and how they were possibly controlled for

are listed belows

1* o control for the contents to be studied, the
investigator prepared lo.ison materials from the
programed materials* fhc pro ram and the

lesson were therefore coop roble in stylo and

difficulty*



2*

3*

4%

3*

Children®* natural interest In games provides
a high level of motivation for the study of
probability* This study capitalised on that
Interest by using experinental activities to

introduce sons of the braic ideas of probability*

It was oonsicored that the conventional method
employing the eams experimental nsterials
would have similar novelty value as the
programed instruction or the integrated

pro: reamed instruction method*, and that

this would help to balance any "Hawthorne Effects*

The subjects vers aware that they wars involved
in nn experiment, as this was relayed to then
by their mathematics teachers* They however,

were not swore that they were being subjected
to diffs ent treatments* Farther, the
invoatigator did not inform the teaching
assistants of his hypotheses. It was hoped
that this would help to cancel out the

"Kosenthal -affect*"

The ssthodolo ical eri-ora due to differ-ent
teachers were controlled for by thoroughly
training the teachers in the subject to be
thut ;ht* Before training, the teuchers had

little knowledge of probability as was
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exemplified by their responses to the
questions posed by the i1nvestigator before
commencing the training programme. After
training and subsequent reviews of the topic
during the course of the experiment, it vas
hoped that teachers were on the same level

of understanding of probability,

The investigator did not visit the classrooms
frequently. Bather, he conferred with teachers
in each school at least twice a week. During
these meetings the teachers reported what

they had observed in their classes and

the problems they had encountered when

handling probability.

Before the start of the investigation, all
subjects were assumed to be initially
comparable. However, after the pre-test
probability scores had been subjected to a
one-way analysis of variance, the assumption
of the initial equality of all the subjects
in the study was not supported. Hence a
two-way analysis of covariance was used to
control for any factor that might have been
responsible for the differences among the

subjects.
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35«6 G . L 03 vr.d v

i>8 ha* brea mentioned elcewhr>r* la this
chapter* toachera involved i1a this study mat
frequently with the investigator to report
their observations i1a the classrooms* la these
meetings many useful 1.ims were tiscu ued* doma
of the programmed lastruction teachers conpl .inod
that the program wee too long and th-1 if they
continued using it, they would not be able to

cover the syllabus by the and of the year*

Teachers of all instructional roups rsorted
that pupils were highly enthusiastic, especially
when using experimental materials like dice,
marbles* etc* Teachers of the il groups reported
seeing voluntary roups being formed in the
classrooms, an 1indication that pupil* c&nuot read
the program wholly on their own without seeking
the aasi: trace of other pu ils* This confirms
dun, hart"s (7* 1965)) contention that proper
une of programed materials can be mads If they

are coabin.d with teacher iInstruction*

Ibid*
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Ifce M teachers aloo reported seeing
pu iie at first hurry through the pro ra* as
if It was a tent* But this slowed down
after aooe tine with students settling
down to s more fieri us work. Most of the
pupils in the Pl group wars aeon wording free
the answers* This «ua, however stopped by

their teachers*
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CHAPTER FOUR

FINUINGtt

4_0 INXKODUCTIOM

This chapter outlines the techniques of
analysis used and describes the findin a
pertinent to each hypothesis as given on

page 8 chapter one.

The initial probability achievement test
was subjected to a one-way analysis of variance.
This iIs described in section 4.1.1. Following
a significant analysis of variance, a scheffe-
test for post-hoc comparisons was computed to
determine which of the means were significantly
different. This statistic is described in

section 4.1.3.

For testing the null hypothesis of no
differences among the treatment groups at each
of the four cognitive levels with respect to
the criterion variable, a two-way analysis of
covariance was computed. A two-way analysis of
covariance was also used to find out which of
the treatment groups under inve tigation had a
higher retentive power at each of the four
cognitive levels. A description of the

assumptions underlying the analysis of
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covariance 1Is given In section 4.1.4.

following a rejection of no differences
among the means of the treatment t;roups, a
special t-test was computed to determine which
pair of means significantly differed. This

statistic is described iIn section 4.1.5.

The ordinary t-test was computed to test
for significant differences between the means of
boys and girls in the pre-test probability
achievement, mathematical reasoning, reading
ability and attitude inventories. The assumptions
underlying the t-statistic are reported in

section 4.1.2.

Pearson product-moment correlation
coefficients were computed between predictor
variables! mathematical ability, silent reading
ability, attitude towards mathematics, attitude
towards the program, and probability post-test
scores, to find out which of the predictor
variables significantly prodie ted achievement.
The pre-test and post-test probability scores were
each correlated with probability retention scores

to determine which of the two predicted retention.
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4.1.0. QEaCBIPTim 11" A Xw 1, ~ U
FOB JATA AKaliYolB

Before the start of the investigation, a
pre-teat probability achievement, sathematics
ability test, silent reading ability test, and
attitude towards mathematics questionnaire were
administered to all the subjects in the study.
All these testa were subjected to a one-way
analysis of variance to test for differences
among treatment means. The assumptions

underlying this statistic are listed below.

4.1.1. AoBUMPTIONS UHDMULYINO i, 1-TKST

1. All the treatment ,roups are drawn randomly

from normally distributed parent population.

2* The variance of each treatment population
is the same.
3* Observations represent random samples from

populations.
4.1.2. AoJlii-tiUn oF Ik t-test

1. The scores in each of the two populations
from which the groups are randomly selected
axe normally distributed (assumption of

normality of the distribution).
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2. The variances of the scores iIn the two

populations are equal (the assumption of

homogeneity of variance).
3. The two groups are independently selected.

4.1.3 JQPPLFFIKNTaKY AKalLYqglS TOLLOWINU aKaLfUIS
OF YiliaAMCii

Following a significant 7 in the context
of analysis of variance, a Scheffe" test for
post-hoc comparisons was computed. The various
t—tests following analysis of variance are
mutually interdependent and hence would not be
ideal in this case. Two points are advanced

about the Soheffe® procedure.

1. The method is exceedingly general in that it
nay be applied regardless of the number of
means under study and regardless of the

number of cases in each group.

2. The Ucheffe" test is very conservative,
thus leading to relatively few significant

results.

The principal reason for the conservation

of the Scheffee test is that the associ ated
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significance levol (e.g* *05) applies
ainultuneouoly to all po“u;ibla dchsffs*

conp.-"riaona.

e-U4. N, =Y,

1* The eritorion scores iIn etxch roup must be
regarded as a randos sample froa a

population of ;oaaible scores*

2m The covariate treasures are unaffected by
the treatments™*

% The regression of the X-acoraa (the
criterion ntraauree), the k .sure forcing
the basis of the &djustB<mt is the sane

for all the populations*

4* The adjusted scores in e.ch of the
populations are normally distributed and

have the cane variance*
5. The seen of the adjusted scores is the
sans for all treatn*nt populations*

4.1.5 ;yshc
AHARI:, CGVAXITAMCL

following s rejection of the null hypothesis

of no difference between the scans of the samples
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on the basis of an analysis of covariance, It wu
nccsttiury to (JtttrfiM which pairs of weans differed
significantly* To do this, a saddal t-test was
cowputec* Tho following formula gives the error variance
of tho difference between two adjusted criterion

means (7] « Y j),

where*
o0 sample sisa for group 1,

e sample else for group j
7 m wean for the mmeassures for group

- ftacn for the *-oeasures for orcup J

m adjusted criterion wean for group 1

*1

T1 e adjusted criterion near for group

()

e withlIn-groups sums of squares for the
s-eetsurcs
SS m adjusted within-groups N-UO squares

for the criterion weaauras

«r* error variance of tha difference
Ti-Ti _ .
between two adjusted criterion means



4.1.6*

The purpose of perforoing = correlational
analysis was to study tha relation between the
independent variables such as attitude toward*
aathenatlca, attitudes towards th« program* eathenotlcal

e rtanrnine, reading ability, and probability post-test,
fpacifically, the study alaad at finding out v.-hich of
the Int.cyendent variables was a good predictor of

achlttve-aent in a probability post—test.

Correlation coefficients were also computed
tc determine which of the two* pre-tatt achievement
or poat—teft achlrvo**nt# was a better predictor of

retention.

4.2.0. riHUHC, Or rii. mv,i>nc..ri >
t S

4.2.1. HZ-; - »T PHi.JAMNILITX ACHItVErtLNX

as has bom stated earlier iIn the Introductory
part of this chapter, pro-test probability achievement
scores were subjected to e one-way analysis of variance.
The* assumptions concerning this statistic have been
AMvdn in section 4.1.1. The swans and standard
deviations for each instruction group have been c isputed.

Table 6 gives a summary of the results.
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MEANS AMD STANDARD DEVIATION FOB THE PHE-TEST

PiCBAHJITI

Cognitive Programmed
Level and Instruction
Sex D
Knowledge N 2 SD
Total Scores 123 53.0 22.09
Male 68 55.5 24.37
Female 55 50.0 18.63
Comprehension
Total Scores 123 37~.3 26.47
Male 68 36.0 26.06
Female 55 32.3 27.07

Application

Total Scores 123
Male 68
Female 55

Analysis

Total Scores 123
Male 68
Female 55

16.6

15.6

17.9

26.0

26.8

25.1

14 .22

13.37

15.23

14.92

14 .91

15.02

Conventional
Instruction

SD N
26.8 106

58
48

27.7
25.7

27.3 106

27.8 58

26.7 48

12.8 106

13.3 58

12.1 48

15.8 106

16.5 58

Integrated
Programmed
Instruction
(1IPD)
N 2
124 47.6
66 49.2
58 45.7
124 36.5
66 39.4
58 33.2
124 17.5
66 19.1
58 15.7
124 19.0
66 20.0
58 17.9

15.1 48

(01)

2
8.8

P5.2
L.

30.0

31.9
27.6

15.1
4.0

16.4

20.2
21.4

18.8

SD
27.0

27.6
24.5

24 .98
28.41

20.1

11.5
11.0

11.98

15.2
16.7

13.3
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Table 7 presents a Bumaary of a one-way

analysis of variance Tor probability pre-test

achievement*

TABLE 7«

ANALYSIS OF VAHIlaUCL

N Source of

Igni-\I. .
.ve leveT/rn SB
nojfledge 2009.43

onprehonsion 2504.4-9

~plication 341.349

nrlyais 3411.6

P<*01

df

2

Between Groups

MS

1004.715

1252.245

170.67

1705.8

IVA PHi~-TEbT TAOBABILirY

Within Groups

S3 df

224283 .57 350

240670.38 350

58504 .791 350

82228.07 350

MS

640.8102

687.63

167.16

234.9

157

1.82

1.021

7.26%*
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An examination of the above table
reveal* no significant differences among tho
means of the Pl, IPI and ClI groups in the
knowledge, comprehension and a plic tion levels.
Significant differences however, existed among
the seans of the three instructional groups in

the emalyeis level (F - 7.26, P<.01).

Since a significant f—ratio was obtained in
the analysis level, a iJcheffe* tost for poot-hoc
comparisons was computed to determine which pairs
of aeuns were significantly difierent. Table
8 shows a comparison of different pairs of means
is the three treatment groups in the Analysis

level.



T, T or ~H,.
,.F THW WKt >.-Tha<.;.cv fr—ai;

in W™ _>r. L vii.

Treatment Difference 9SS CX 59* CX
Croup® between

Hears
Pl V® XPZ 7*0 2.2 to xX.8* 1.03 to 12.97a
PX V* cx 5.8 0.2 to IC.g*-0.42 to 12.0
IPX v® cx 1.2 -3.79 to 6.19-5.0 to 7.4

AiMnificwt «t the 958 Confidence Interval.

oSignificant at tha $91 Ccnfldanca Interval
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The results presented in the above table
show that a significant difference existed
between the pros rajnned end integrated programmed
instruction groups at both the 95% and 99%
confidence intervals, with the programmed
instruction group (I ® 26,0; SD m 14.92)
performing significantly better than the
integrated programmed instruction group
(X « 19.0; 3D = 15.79) e« Since the null hypothesis
th t the difference between the means of the two
instructional groups is xero is not included in
the two confidence intervals, we are relatively
confident that the means for the pupils in the IPI
group was from 2.2. to 11.8 marks lower than the
mean for the Pl pupils. In the 99% confidence
interval, the mean for the IPIl pupils was from
1.05 t; 15197 lower than the mean for the PI
pupils. There was a significant difference
between the mean of the programmed instruction
group and the neon of the conventional
instruction group at the 95% confidence interval,
the programmed instruction group (X - 26.0;

SD - 14.92) performing much better than the
conventional iInstruction group (X m 20.2;
SD - 15.42). The mean for the CI pupils was

from 0.8 to 10.8 points lower than the mean for



the Pl pupils* The Mans of the IPX and tho
CZ groups are statistically insignificant

(<3 « 1,2# P> ,05)# where d refers to the differences

Xn order to throw nore light on the cveral
performance of boys and girls in pre-test probability
In the four cognitive levelsv a t—est was computed.
The results of this statistic are su—srlsod In
table 9* There was no significant difference
beUstn the means of the two sex groups In the
analysis cognitive levelv (t « 1,33] P>,05),

Nor were there significant differences In the
Application cognitive level (t « 0,2891 f>*0O S)#
Significant differences, however, existed on the
knowledge (t ¢ 2,79 P<£,05> and on the Coeprehenslon
(t a 1,671 P<,05 - one - tailed) cognitive levels.
The significant difference was in favour of boys

in both cases.
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bs--FV,*ISOM OF THI p,vrQ>K=*ce.

V ariable/Se*

TfoAfAVigtar
Coyst

Girls*

Comprehension
Soys*
Girls*

*pglicfti;on
Soys*
Girls*

analysis

Soys*
Girls*

N

192
161

192
161

192
161

192
161

53.3
45.8

39.9
31.2

16.3
16.7

22.9
20.6

26-57%
23.6 )

27.39)
25.C0)

12.78)
13_14;

16.2 )
14-82;

Oor bcy”™ ans sims

t 9
2.79 ~_.05
1.67 </.05

(one-tailed)

0.289 ()

1.33 \S)
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4.2.2.0 ANALYSIS OF 10AIVTAT 140BaBILITY
ACHILVUNT

The assumption of the initial equality
of the groups was tested by a one-way analysis
of variance. The results have been summarized
in tables 7 and 8. There are no significant
differences in knowledge, comprehension and
applic tion levels in the context of anova.
Significant differences, however, existed in
Analysis level. The significant differences
indicated a need for statistically equating the
groups* Subsequently, a two-way analysis of
covariance was computed for this level* 1In
order to increase the precision of the
experiment for the other three cognitive levels,
the two-way analysis of covariance was computed,
even though no significant differences had been
found among the means of the three treatment
groups in these cognitive levels in the context

of anova.

As has been mentioned in the foregoing
paragraph, treatment groups were compared for
probability achievement by a two-way analysis
of covariance* Teaching methods and sex of

pupil served as the mean effects with the
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pre-tset probability score* u the covarlata
and the post-test scores as the criterion*
Before computing the siwlytls of covariance,
the aeans and standard deviations for the
treatment groups and sea groups were computed,
for each cognitive level* Table 10 presents

a summery of the naans and standard deviations
while table 11 gives a murmmry of the analysis
of covariance for all cognitive levels, and
table 12, page 136 gives the adjusted aeans

for the subjects In the three treatment groups*
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/JiL J.iiHinhiiiD

POUT-TJIbET aCORLS

Cognitive
Level and
Sex

Knowledge
Total Scores

Male

female

Comprehension

Total Scores
Male

female

Amplication

Total scores
Male

Female

Analysis
Total Scores
Male

Female

iJVI=a'ICHS i'QH PROBABILITY

Programmed
Instruction

N

123
68

55

123
68

55

123
68

55

123
68

55

T

59.8

60.7
58.6

51.6
46.3

58.2

44 .1
49.1

37.8

36.7
36.2

37.5

8

21.14
21.74
20.53

23.9
21.27

25.49

16.16
16.03

14.08

16.86

18.69
14.43

Integrated
Programmed
Instruction

N

124
66
58

124
66

58

124
66

58

124
66
58

v

60.1
63.6
56.0

53.0
55.3

50.4

46.6
46.2

47.1

40.5

39.7
41.4

S

25.69
25.64

25.36

21.41
19.37

23.41

15.26
14.14

16.56

18.12

18.73
17.51

Conventional
Instruction

N

106

58
48

106
58

48

106
58

48

106

58
48

T

62.7
60.8

65.1

55.2
57.8

52.1

48.1
48.0

48.2

42 .6
41.4
44 .2

a

22.69
21.52
24.04

23.07
22 .56

23.54

17.74
18.93

16.38

15.63
14.92
16.48
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n vy 3r cC,;

Interaction
Teachirv., Methods tex G etCd X .ex)
SJ df N3 L 56 df NS r SS df F
697.,9 2 348*54 . 1 155.82 1 155.52 V..2.1 2373.23 2 11 6.615 2.22 185175,
654.13 2 327.. 7 C.644 24.2 1 24.2 .- 2 2924.225 5.76* 17/5736.

1063*88 2 534*44 1.101 1147.92 1 114 .92 4.4*/ 3146.43 2 1573.-1 6.19* 8/976..
2386.73 2U93.37 4.13* 366.C8 1 366..-8 1.266 20.9 2 1C.45 CC4 1 1

¢ P/.C5

e P/.o1



Cognitive
Level

Knowledge

Comprehension

Application

Analysis

Treatment

Group

=X
Boys
Girls
IPX
Boys
Girls
CX
Boys
Girls

PX
Boys
Girls
XPX
Boys
Girls
CX
Boys
Girls
PX

Boys
Girls
XPX
Boys
Girls
CX
Boys
Girls
PX
Boys
Girls
XPX
Boys
Girls
CX
Boys
Girls

CliPTi:.T .COBts

mm

mm

4>

68
55

66
56

SB
48

68
55

66
58

S8
48

68
55

66
58

58
48

66
55

66
58

58
48

55*5
5c.5

49 .2
45.7

55.2
41.1

36.0
32.3

39.4
33*%2

31.9
27.6

15.6
17.9

19.1
15.7

14*0
16.4

26.8
25.1

20.0
17.9

21.4
18.8

Y-

Means

60.

7

58*6

63.
56.

60.
65.

46.
58.

55.
SC.

57.
52.

6
0

8
1

3
2

3
4

1

49%*2

37.

8

46.2
47 .1

48.
48.

36.

2

37.5

39.
41 .

41 .
44 .

2

Adjusted
Y—-Moans

60.14
58.59

63.67
56.42

6C.27
64.22

46.38
58.14

55.51
50.38

57.73
51.87

49_35
37.56

45.76
47 .23

48.41
48.21

35.9
37.3

39.8
41.6

41 .4
44 _4
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4.2.2.1 ANALYSIS OF POdT-TLOT #aOiLUiILITY
SCOMAT1 ON TH., 0 O L..iXr, OOGIgTIVIi
LiJVLL

Table 11 shows no significant i1"-ratios
for sex, teaching methods or met od by sex
interaction on the knowledge cognitive level.
Though no significant differences are revealed on
this lovel, an examination of table 12 shows that
the programmed instruction boys (adjusted mean
60.14) performed better than the girls of the
same instructional group (adjusted mean 58*59)e
The integrated programmed instruction boys (mean
83*67) did better than the jills of the same group.
The conventional instruction boys, on the other
hand, showed a relative inferiority in their
performance to th t of the girls In the same
group (adjusted mean for boys: 60.27 and adjusted
mean for girls 64.22). On the whole, the girls
who went through the conventional instruction
performed slightly better than the boys and the
girls of the other instructional groups. It can
be implied from the foregoing discussion of
results that girls learn specific facts better
when they are taught by the human teacher than when
they are taught by either the program or the

program supplemented by the human teacher. Boys



who learned from the program supplemented by
the teacher were slightly superior in performance
to those who were taught by the program or by

the human teacher™

4,2*2.2. ANALYSIS OF K)OT-T&iT
SCOh”™ ON COMP-ttHKNIJIXH CuGNITIVDb LSVOi

An examination of table 11 reveals that
there were no significant differences with regards
to teaching methods and sex* However, significant
differences existed in sex by methods interaction
(F - 5«757» P<*01)* To gain Tfurther insight into
the nature of these differences, a special t-test
following a significant analysis of covariance
was computed* The rosults of this statistic are

presented on table 13 below*



TABLE H i
5i CIAL i-U .t rO1X0 INC AWM-TUXj Cf
CCVABIAFCCE C* Com-KLHLhLIOW uvtl.

Treatment Sax t P
Group
Pl and IPX Boya 2*34 <e05gPC .01 (one-tailed)
Girls 1.831 m.0l1 (one-tailed)
Pl and CZ Soys 2.815 <.01
Girls 1.4C7 >_05
IPX and CI Soys 0.545 >_C5
Girls 0.339 >_05
Pl Soys and PZ Girls 2.875 <#oi
IP1 Boys and IPX Girls 1.282 > .05
Cl Soys and CZ Girls 1.33 > .05
Pl Boys and XPZ Girls 0.991 > .05
Pl Soys and CZ G irls 1.288 > Of
PZ Girls and ZPZ Soys 0.838 > .05
PI Girls and CZ Soys 0.0978 >.05
IPI Girls and CZ Soys 1.757 < .05 (one—tailed)

XPZ Girls and CZ Girls 0.34 > .05
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The results of the special t-test revealed
the following?*

1. (@) There was a significant difference
between the boys of the PI group and the
boys of the IPI group (7 PI™ m *6.35,

- 5551; t- 2.3*, P<.05 and
1 IPIb

Y -01, one-tailed), the difference being

in favour of the 1Pl boys.

(b) For the girls of the two instructional
groups, the Pl girls performed better

than the 1Pl girls

-1 - 50.38, - 1.831,7.05. one-tailed).
T IPI
S

2. (@) There was a significant difference between
the boys of Pl and those of the CI groups,
with the Cl boys' performance being

significantly superior to that of the

t - 2.815, P<.01).

(b) the girls of the same instructional
groups did not differ significantly in

their performance (7 CIo e 51.67,

JL
y py - 58.1* t - |I.*07, P>.05).



3*

5*

@

(b)

- 14

There were no significant treatment
effects for the boyB in the IPI group and

those

- 57*73* t - 0.5*5* b P> *05)
X Cilb
although the CX group boys performed

relatively better than the IPX group boys

as evidenced by their mean scores,

The girls of the same treatment groups did
not exhibit any significant differences

in their performance (t < 0,339) P,>*05)*
The performance of the girls in these *
two instructional groups was almost
comparable. The adjusted mean for the

IPI girls was 50,35 while that for the

girls of the CI group was 51*87e

The boys and the girls undergoing programmed

instruction differed significantly in their

t - 2,875* P<.01), with Pl girls scoring

higher than Pl boys,

There was no significant difference between IPX

boys and IPI girls (t m 1.262, P>,05) though

from the mean scores, boys in this instruction

group (J = 55*51) performed better than girls

of the same group (Y™ - 50,38).



Phe performance of boys and girls undergoing
the conventional mode of instruction was not
statistically significant (t » 1*33* P>*(05)*
Judging from the mean scores, boys who
learned through this mode of instruction

(T m 57*73) did better in the probability
achievement post-test than girls who learned

through the same method (7 - 51*87)-

No difference between Pl boys“and IPI girls-
performance was observed (t - 0.991* P;>*05)*
However, the IPI girla (7 « 50.38) did better

than the Pl boys (7 < 46.38).

Although the difference between the adjusted
means of the FI boys and CI girls was not
statistically significant (t » 1.286, P>.05)«
the CI girls® performance (7 e 51*87) was

somewhat superior to tho Pl boys®™ performance

No significant difference was found between PI
girls and IPI hoys (t m 0.638, P >.05)* Hut
the Pl girls (Y™ « 58.14) did slightly better
than the IPI boys (7 - 55*51)* Judging from

their mean performance
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10. No significant difference was observed
between the Pl girls and the Cl boys
(t - 0,0978, P~>_.05). The means for the
two sex groups were quite close

1 1
(Y PI girls - 58.14) and (Y IPI boys - 57.73).

11. The girls who learned from the program
supplemented by the human teacher i1.e. the
IPI girls, and the boys who learned from
the human teacher alone i1.e. Cl boys showed
significant differences in their achievement
scores (t m 1.757* P<.»05* one-tailed). The
significant performance was in favour of
the Cl boys (Yll 57.73). The mean, for the
IPI girls was f1 = 50.58.

12. The girls of the IPI group and the girls in
the CI group did not exhibit any significant
differences in their performance (t = 0.34,
P >.05)* though the mean performance for the
Cl girls was slightly higher than the mean

performance for the IPI qirls.

From the forgoing discussion it i1s clear
that boys do relatively better In comprehension
tasks when they are taught by the human teacher
while girls do well when they learn through self-

instructional materials. It should further be



observed that the mean performance of the girls
who learned through the program was relatively
higher than the mean performance of the other
subjects. The finding that girls seem to learn
better through self-instructional materials is
contrary to the findings on the knowledge level
where girls were found to perform better on

knowledge tasks when taught by the human teacher.

4.2.2.3. ANALYSIS OF POST-TEST PROBABILITY
SCORES ON APPLICATION COGNITIVE LEVEL

The results of the analysis of covariance
used to test for the significance of the difference
in probability achievement in the iInstructional
groups, 1.e. the Pl, 1Pl and the CI groups is
presented on table 11 Page 135**bl* 12»page 136 give the
adjusted means for the subjects i1n the three

treatment groups.

Thei*e were significant main effects for
sex (P = 4.487, P<®.05) and for sex by methods
interaction (P - 6.187, P<.01). There were no
significant differences for teaching methods.
The significant interaction revealed by the
two-way analysis of covariance called for further
analysis to determine which group interacted

with which method. Por this reason a special

t—test was computed. Table 14-presents a summary

of the results.
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A AU U«t FOLIC-INC AW/LY.l. Of

IOVAftIAHCi Oh \t PLIC/TICN CICfUTIVC

Ué&k

Trcatamt Group t P

IX boy* and ZPZ boy* 1.29@ ~ 05
IX boys and CZ beys 0.329 ,>=03
3«1 girls and CZ girls 0.313 > .05
IX girls and CZ girls 3.36 < *01
3fl boys and CZ boys 0.917 > .05
Pl girls and ZPZ girls 3.218 < .01
pi boys and PI girls 4.072 < .01
PZ boys and ZPZ girls 0.333 > .05
Pi girls and CZ qlrls 0.379 > .05
IPX boys and ZPZ girls 0.311 >e05
ZPZ boys and CZ girls 0.809 > .05
CZ boys and ZPZ girls 0*398 >_.05
CZ boys and CZ girls 0.084 > .05
CZ boys and PZ girls 3.802 C .01

ZPZ boys and PZ girls 2.818 ~o01
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The table reveals that only five pairs of
means were significantly different. The

remaining ten pairs were not significantly

different; at the 0.5 level of significance.

1. There was a significant difference between
the performance of the Pl girls and the
performance of the ClI girls (t - 5.38,
P<.01), with the 01 girls (T* - 48.21)

performing significantly better than the

2. The girls undergoing programed instruction
supplemented with teacher instruction
(Y = 47.23) did significantly better than
the girls who learned through the program

only (t - 3.218, P< .01).

3. The mean performance of the Pl boys (Y » 49.35
and the mean performance of the Pl girls
(Y - 37.56) were significantly different
(t m 4.072, P~.01) the difference bein*, iIn

favour of boys.

4. The performance of the boys who received
teacher instruction (Y < 48.41) was
significantly superior to the performance of
girls who went through programmed materials

individually (Y - 37.56 , t - 3.602, P<.01).
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5. When a comparison of the performance between
IPI boys and FI girls was made, it was found
that the performance by the LPI boys
(7 wm 45.76) was significantly superior to
that of the FI girls (71 - 37.56) t - 2.816,

P<.01).

From the forgoing discussion, it seems
appropriate to conclude that girls performed
significantly better in an achievement test
when they received teacher instruction than when
left to study on their own through the program
on the application cognitive level. This is
evidenced by the relatively low mean of 37.56
for the girls wno received individualized

programmed instruction.

It is interesting to note that boys who
went through the program on their own performed
relatively better than those who received
programmed instruction supplemented by teacher
instruction in small groups. Another interesting
observation comes to light when one considers
the performance of the pupils who received
conventional instruction. The difference

between the means of boys and girls in this group
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was statistically insignificant (t = 0.0642,
.05) and negligible. This can be iInterpreted
to mean that boys and girls who received this

instruction learned equally well.

When the performance of all the boys and
all the girls iIn the study was considered
boys®™ performance was somewhat better (meant
4-7.8, St>» 16.33) than that of girls (mem 44.2,

S&- 16.30). On the whole, the CI roup

VX » 48.33) performed better than either the

IPI (Y1 - 46.43) or the Pl (Y~ - 44.08) groups.

4.2.2.4. AHAX,Yora OF , ~3781LI Y ~._1Vg

sconia in jockitivi: lev™

The results of the subjects* performance on
this cognitive level are summarised on tables
11 and 12. Table n @Av s a summary of the
analysis of covariance for post-test probability
scores adjusted for pre-test probability scores
while table 12 presents a summary of the treatment
group meuns for post-test probability adjusted
for pre-test probability scores. There was a
significant treatment effects (P « 4.126,
P<»05). Following this significant F in the context
of ancova, a special t-test was again computed to
find out which pair of means were significantly
different. Table ™ gives the results of the

special t-test.
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TABlu 151

A W AAI-V t, 1I-V.U-
Treatment difference between t
Croup arans (ds
PZ and ZPZz 4.24 2.50*
PzZ and CZ €.3 2. 7«*
/PZ and CZzZ 2*02 0.90<bS)

¢ P<*cl (oM-tailad)
e P<.o0i (lw o0-iilM )



The significant differences favoured the IPX

ofid the CX groups over the PX group* There

wee no significant difference between the IPX
end the CX groups* Judging froe group eeen
performance, the CX group was on the whole more
favoured then the other two instructional groups.
The adjusted mean for the CX group was 42*7 while
that for the XPX group was 40«ft and that for

the PX group wss 36*43*

4*2.3. 0. awaiysxs Or pkuhctcp W.FI,'3u:s

The subjects* performance on the variables
for predicting achievement in probability post-test
Reading Ability* Attitude towards Mathematics and
A ttitude towards the Program —were also examined
in this study* Table If* page *52 presents the
means and standard deviations of the subjects*
scores en the four predictor variables* Table 17*
page 155 presents s summary of a one-way analysis
of variance for the four variables and Table 18*
page 154 gives e summary of the t-values for the

comparison of boys and girls in the study*
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4.2.3.1. AKALYol8 OF DIi-P- XIEMC B IN R-a-DING

ABILITY.

An 1™-ratio of 1.49 revealed no significant
differences among the three instructional groups,
at the .05 1level of significance (table 17).
Nor was there a significant difference between
boys and girls in the study (t = 0.43, P>.05).

(table 17).

An examination of table 16 reveals the

followingsl

1. The progranmed instruction group had a slightly
higher mean (T m 59.8) than either the
integrated programmed instruction group
a m 55*5) or the conventional instruction
group (I - 57.1). 1t should be noted that

the IPX mean was the lowest



Variable

Total
Boys
Girls

fSIlitv

Total
Boys
Girls

T*3LE 14«
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WHAMS AMD STAMPAMP EEVIATIO*S

FOR PRF.DICTCS VARIATIU-S

*tt. reward

Total
Boys
Girls

Prooras
Total

Boys
Girls

Proynmd
Instruction
[ 7 SO
123 59.8 17.78
68 60.2 17.57
55 59.3 18.3
123 34.1 11.54
68 34.3 11.65
55 33.9 11.51
123 8.5 9.56
88 7.8 8.96
S3 9.0 10.25
Jfcft
123 3.6 6.33
68 4.5 6.03
55 2.5 6.59
t e 1.76 *P<_.05

Integrated
Pregrerased
Instruction

124
66
59

124
66
58

124
66
58

124

66
58

t*C.

55.5
55.9
55.1

34.7
36.%
32.5

o 00~
N O A

NN N
gl N

3D

20.71
2C.5
21.2

14 .56
15.41
13.3

9.18
9,86
8.25

5.85

6.08
5.62

28,P>.C5

Conventional
Instruction

«

106 57.1
58 57.4
4S 56.6

106 33.5
56.36.6
48 29.7

106
58
48

O 00 o
wh o

t - 1.14,

&b

20.34
20.9
19.8

13.52
15.03
1C. 34

10.39
10.20
10.71

> : 5



TA»lg 17t

CWI"WAY ANALYSIS CF VARIANCE fC* FLAttlQ

- HIT*. MATHEMATIC:, AfIILITY AHP
ATTITUDE. TOVARC:. HATHEFATICS

NX Source of

Between Groups_ tfltMn Uroaos
Varla- \ ss df MS ss df MS T P
rt- X
Reading 1148,8 2 574.4 134765.2 350 385.04 1.49>08
Ability
Mathematics
Ability B2_Ti 2 41.4 61491.21 35c VIWIL :«236™>»05

Attittttf« Towards

Mathematics 02.474 2 66.237 32836,4* 350 93.82 Q.7n.05



TAfiLL 18*

TOTAL SCORES vc+

THI.

Varla&l*

reat”Ing

Abi lity*

«4th«r»atlca

Abi lity*

Attitudes
Towards

Mathe*

Attitude
Towards

“"hr Program

FCUK PRCD1CTG*

Ssk

Mala

PaM le

Mala

renal*

Male*

Paaal*

Hal*

Paauilo

192

161

192

161

192

161

134

113

SOTS AND CI LS OH

VAXXN3LLS
X - t T
57.9 19.8) > .05
) 0.43
57.0 19.8)
35.8 14.06) < o
) 2.64
32.1 11.91)
8*2 9.311 >_05
) 0.097
8.3 9.78)
3.7 6.09) >_05

)
6.06) 1-54
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2. The mean for the boys in the Pl group was
higher than uny for the subjects iIn the
other instructional (roups* It was also
higher than that of the girls in the same

instructional group*

3. The girls of the PI group hnd a higher mean
than their counterparts in the other

instructional groups*

4.2 _.3*2* AKALYolS OP JII'i HOES IN KATlifcH ilvd
ABILITY

The results of the subjects®™ performance
in mathematics ability are summarised on
tables jJg - 18 * There were no significant
differencesamong the three treatment groups
(F m 0.236, P3>*05)* The t-test computed to
compare the overal performance of boys and girls
in the study revealed a significant difference
in mathematical ability in favour of boys

Ct - 2.64, P<*01).

When table 16 is examined, the following

come to lights

1. The boys in the 1Pl group had the same mean
with their counterpart in the CI group
7 » 36*6). This mean was however, higher

than that for the boys in the Pl group
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(T - 34.3).
2. The CI -iris had the lowest mean (T - 29*7)*

3* Significant differences existed between PI
boye and CI girls (t m 2.69, P< *01) the

difference favouring the Pl boys.

There were significant differences between
the Cl boys and the CI girls (t » 2.19;
P<~.05), CI boys performing significantly

better than the CI girls.

4.2.3.3. AHALYSIS OP DIiT RENCU1I IN ATTITUj ,S

The information on pupils' attitudes towards
mathematics was collected from all pupils in the
study. The data was subjected to a one-way analysis
of variance for the comparison of the P1, 1Pl and
Cl roupe and to a t-test for the comparison of
total boys' and total girls' scores in the study.
The results have been summarized in tables

16 - 18.

There were no significant differences among
the three instructional groups as is revealed by
an F-ratio of 0.71, P>.05* Table 18 shows no
significant differences between boys' (total)
and girls'[total) attitude scores towards

nathem tics (t = 0.097* P>.05). However, table
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16 reveals that girls of the Pl and the CI

groups slightly favoured mathematics core than

the boys iIn the same treatment groups and also

more than the subjects iIn the integrated programmed
instruction group* The lowest preference for
mathematics was exhibited by the girls of the

IP1 group (mean 6*2, Si) » 8*25)*

4.2*3.4* ANALYSIS OF ATTITUDE TO-AhUS THE
PftOGKATi

Only the attitudes of the subjects who
learned by the program, that is, those who received
individual programmed instruction and those who were
taught by the program and the teacher, were
investigated* The attitude scores for the two
instructional groups were compared by a t-test* The
results of this statistic are presented in table 16
page 152* A t-value of 1.14 revealed no significant
differences in attitudes towards the program between
the P1 and IFI groups, at the level of
significance, though the Pl group had a slightly
higher mean OT m 3*6) than the IPI group (T m 2*7)*
This can be interpreted to mean that those pupils
who learned individually by the program found the
programmed materials more interesting than these
who learned through program and the teacher* A

significant difference in attitude towards the



program existed bttMW boys ant. girls
undergoing the individualises programed
instruction (t - 1»71V P< *05 = ona tailed)

with the boys scoring higher (7 m 4.5, 5 « 6*01)
then the girls <7 « 2.5, 3 =« 6.59). The boys

and the girls of the IP! group did not shoe

any significant difference iIn attitude (t - 0.28,

P>_.0S).

when total attitude scores for boys and
girls wore eoepared, no significant differences
were found (t - 1.54, P>.05). This t»value,
however, ves alnost significant In favour of
boys at the 9f level (one-tailed). On the whole,

boys favoured the progress more tJvm the girls.

4.2.4.0. AWALITSIS. or ftTSKTIC* Tt.LT 3C.QE&S

It has been mentioned in chapter three
section 1.5.4 that e retention test was administered
to ell the subjects in the study eight weeks
after the post-—teat administration. The itenm
in the retention teat were the same as the
post—test items. The subjects were not informed
of the impending delayed pose—test. The results
of the retention teat scores were subjected to

a two-way analysis of covariance in each of the



four cognitive Imlf-knoMlcdg* conprebenslon*
application and analysis* The post-test scores
wore used as the covarista while the retention
test scores served as the criterion* Tables 19
and 20 pages 163-164 suonarize the results of

data analysis*

4.2.4*1. OF

There were no significant differences in
teaching eethocs. sex or iIn nethodsxsex
interaction* $ut an F-ratio of 3*94 for sex was

nearly significant at the *0S level (df » 1,346)*

The following observations are aade from

table 20t page 164.

1* 3cys undergoing individualised progressed
instruction significantly dropped In their
retention scores whereas the mean retention
score fTor girls of the sees Instructional
group was higher than their post-test eean*
There wee a significant difference in
retention between the M boys and PX girls
(t = 2»5cv P<.*C5)c the PX girls retaining

eore materials than the PX boys*



2. Boys who learned through the program and
the teacher did not show a significant
drop in their retention scores, the mean
difference between the post-test and
retention test scores being only 2.28.

o On the other hand, the girls®™ retention
scores were higher than their post-—test

scores, the unadjusted mean difference being

5.64.

3. Both boys and girls undergoing the conventional
mode of instruction showed a drop in their
retention scores. The difference between
the mean scores for the boys was 3#9 while
that for girls was 8.3* an indication that

girls had the highest drop.

Further analyses were carried out by t-tests
to provide a more concise picture of the
statistical group differences on retention. The
girls learning through the individualized
programmed instruction performed significantly
better than the girls learning by the conventional

method (Mx - Kg - 8.8, df - 101, t - 1.99

P<.05). The girls of the Pl group alao retained
significantly more material than the boys of the

Cl group (i, - Mg » 7.4, t m 1.86, P< _05- one-tailed).



Retention by girls learning by the program was
again significantly higher th."in that oxhibited
by boys learning by the same method* This

is shown by a t-value cf 2.50, P/.01 for the
unadjusted leans. The sean retention scores for

the other groups were not statistically significant*

The foregoing discussion reveals that girls
who learned by the program individually retained
more material than either the boys who received
the sane iInstruction or the boys and girls in
the other instructional groups* This aay morn
that after the iInstruction and the post-test,
the girls in the Pl group continued to study the
programs at home. Thie reason may similarly apply
to boys and girls who were t«ught by the program
and the teacher* The subjects in this treatment
group also took the programs hoar with them and
may have studied them after instruction and
subsequent post-testing* No reason can be
advanced for the poor retention by the boys of
the programmed instruction group* Their performance
in probability post-test on tLis cognitive level
was a bit better than that for the girls of
the same instructional group, the mean for the

P1 boys being 60*14 and that for the Pl girls,



58.59* The poor retention by the Cl group can

be attributed to the fact that they had no programs
and were not exposed to lesson transcripts after
instruction. On the knowledge cognitive level,
therefore, those learning by program, whether
individually or with teacher guidance seem to

retain more material than those being taught by the

teacher.
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table 19

ANALYSIS OF COVARIANCE FOR RETENTION SCORES

\S/gLrJEgiigx Teaching Methods Sex '&;ﬁﬁggt)'(ogex Error
Cognitive- SS df MS F SS df MS F SS df MS F SS dfdf M
Level

Knowledge 1840.89 2 920.45 118931681.2 1 168.2 3.34 2170.19 2 1085.10 2.16 17*1159-5 346
Comprehension375+53 2 8 7 0.41 650.6 1 650.6 1.43 99.9%1 2 *19.97 Q- 11 156891.5 3*16
Application 491*92 2 245*96 0.71 16.21 1 16.2 0.05 284.06 2  142.03 0.4l 120305.3 346
Analysis 960*56 2 480.28 1.81 503.0 1503.0 1189 288.01 2 144.01 Q.52 92010.9 3*i6
Total scores 600.24 2 300.12 2.7 62.51 62.5 0.57 251.53 2 125.76 1.14 38305.1 3*16



TABLE 20>

t attomt .axs adjusted for k >~- n_
CUtpiltiv* Troatmont M X e T - djua t«d
U»V*L Group Moan* Hoan™ =Moans
n  Boy* $6 60.7 -1 M
Girl* 55 56.6 "e3.6 <4.2
fonovleder™ IPX Bor* 66 65.6 61.4 8.4
Girl* 58 56.0 61.6 ”
Cz Boy* 58 60.8 59.9 4.8
Girl* 48 65.1 56.8 M
Pl Boy* 68 46.3 51.8 8.3
Girl* 55 58.2 30.0 #.7
moaprvhsnalon ZPZ Boy* 66 55.3 54.2 4.0
Girl* 58 50.4 52.2 3.3
cz Boy* 58 57.8 55.6 4.3
Girl* 48 32.1 510 4.1
Pl Boy* 68 49.2 43.1 4.7
Girl> 55 40.6 43.5 4.3
application ZPZ Boy* 66. 46.2 46.6 4.6
Girl* 58 *7.1 44.2 4.1
cz Boy* 58 48.0 46.8 4.6
Girl* 48 48.2 VS.t 4.0
Pl Boy* 68 36.2 5.9 6.3
Girl> 556 37.5 335 33.8
Analysis zpz B«r« 66 39.7 38.3 m3.6
Gir*l 58 41.4 38.3 38.1
Cl Bor* 58 41.4 36.9 36.7
Girl* 48 44.2 32.5 2.0
total Pl Boy* 68 *7.7 45.3 43.8
Girl™* 55 46.7 46.4 47.1
3eoro# IP1 Boy* 66 49.6 30.2 49.9
Without Girl* 58 47.8 *7.7 48.1
~onsidopiog cz Boy* 58 51.X 48.1 *7.3
cognitive Girl* 48 51.4 43.8 43.0
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4.2.4_.2 ANALYSIS OF AAT~1ION TAT-SCOiuail

OH gaS COMP; iolON COGNITIVE LAVLL

A two-way analysis of covariance computed
to find out whether there existed any differences in
retention of probability material among the
subjects of the three treatment groups revealed
no significant differences* The results of the
analysis of data are summarised in tables 19 and

20. f

On an examination of table 20 page 162 it 1is

clear thatx

1. the boys of the Pl group had an increase of
5*5 marks iIn their retention scores over
their post-test scores while the girls of
the same instructional group dropped by 8.2

points.

2. the subjects in the 1Pl group show that they
have retained the material learned, the
retention scores and post-test scores not
being markedly different. The means for

the CI group show a similar trend.

All the t-volues computed to compare the
means of different groups were not statistically
significant. However, the mean retention score

for boys of the CI group nearly differed



significantly fro* the m m retention score for
the PZ girls (t - 1.43. P>*0S), Mj - M2 = 5.6>*
The CZ boys bed a higher retention seen than the
PZ girls* On the whole the mean retention
ecores for the boys of the CZ group was higher
than that for any single croup in the study

(adjusted mean, 55*3, Table 20*

4*2*4*3* U- KgTt-yn.v-N Tu.sfcUCF cL
a<Ar F\v?2/ Sit
The f-ratlo* computed to compare differences
In retention for sax, teaching me-lnods and sax
by sathod interaction ware not significant*
Tabla 19 page 165 presents s summary of the

results*

A look at table 20 page 162 shows that
there was a drop in retention for the boys of tha
PS group, tha girls of the ZPZ group and tha
glrla of the CZ group* Scswt small Increase In
retention scores was shown by tho PZ girls, the
ZPZ boys and tha CZ boys* Cn the whole, tha CZ
boys®™ retention scores ware slightly higher than
for any slngla sex group in the study* The nean
retention scores for the PZ boys was tho lowest*

There were no signhificant group differences in

retention*
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4.2.4.A. ahalYolqg op retention Ti»>T«SCO UIS

OH TRS AliaLYblb COGIttJIVB LJVEL

There were no significant differences among
the three treatment groups* sex or sex X method
interaction* Table 19 gives the F-ratios far

this cognitive level*

All the subjects in each of the three
treatment groups had a drop in their retention
scores (soe table 20)* The girls receiving
conventional instruction had the greatest drop -
11*7 points while the boys receiving programed
instruction had the least drop - 0*3* The results
indicate that boys who learned probability
individually through programmed m aterials and
hoys who were taught by the program and the
teacher retained greater material than the other
subjects* Boys in each treatment group scored
relatively higher points in the retention test
than girls in a similar treatment group* On the
post-test, girls in each treatment group scored
higher than boys in a similar group >on the
retention test, the situ tion was reversed*

This may be interpreted to mean that girls are
not capable of retaining material at a higher

cognitive level*
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*.2.4.5. ANALYSIS OP TOTAL BETENT10N SCORES

The total probability retention scores were
also subjected to on analysis of covariance, with
the probability post-test scores used as the
covariate and the retention scores us the
criterion. The purpose was to find out whether
there were any differences in retention among
the subjects of the three treatment groups when
total scores were considered. A/l the variances
were statistically insignificante The vé&rianee
for teaching methods approached significance at
the .05 level. Table 19 summarizes the results

of the analysis of covariance.

An examination of table 20 reveals the

followings

1. doys in the IPI group increased their scores
in the retention test.

2. AIl the other subjects dropped in their
retention teat scores. The girls in the
Cl group dropped by 5.6 points followed by
boys in the CIl group by 3.0 points. The
boys in the Pl group dropped by 2.4 points.
The lowest drop wus observed in the PI

girls (0.3) and in the IPI girls (0.1).

3. Girls who went through programmed m aterials
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individually scored higher than boys who

received the sane instruction*

4* In the 1Pl and the CI groups, boys scored
higher than girls of the sene group in the

retention test*

The foregoing discussion reveals that the
Pl girls,the IPI boys and IPI girls retained
more m aterial than the boys of the PI group,

the boys of CIl group and the girls of the CIl group*
4.2*5*0*  CO&ItiXATION .L STUDIhtt

V ariables for the prediction of probability
post-test achievement end retention test scores
were also investigated in this study* For the
prediction of probability post-test achievement,
mathematical ability, reading ability attitude
towards mathematics and attitude towards the program,
were each correlated with the post-test
achievement scores by the Pearson product-moment
correlation coefficients* The Pearson pro uct-moment
correlation coefficients were also computed for
pre-test scores and retention test scores, for
post-test scores and retention test scores to
determine which variable, pretest or post-test
was a better predictor of retention at each of

the four cognitive levels-knowledge, comprehension
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application and analysis*

4.2.5.1. PIiIKDIUTIGH OF POST-T&3T ACUISTEfcdIT

Table 21 indicates the product-usoaent
correlation coefficients between each of the

predictor variables and the post~test scores.



g"CKAJCT-WUAFCNT cm iU TIU .. BFT»LE.:»

PBEEICTI* VaM aDL™;. ‘QuY-TL./T
M Ff 1L
Treatment Hatheratics Reading Attitude
Croup Ability Ability foaaras s
r 3 r s r X r %

PIHotel 0.131 1.452 "0.03% <0.381 -0.096 -1.063 -0.116 -1.3
Boys 0.188 1.554 -0.0236 -C.193 -0.031 -0.252 -0.0744-0.609
Girls 0.0514 0.378 0.318 -C.384 -0*051 -0.374 -3406 -1.499

IPX*Total 0.351 3.89* 0.273 3.023* 0.19C4 2.112* -0.CI -0.07
Boys 0.424 3.41* 0.290 2.330» 0.0954 O.W* - 1.0M -0.]*«
Girls 0.74 1.841*- 0.254 1.915* 0.306 2.31* <".0224 0.169

CXrfotal 0.205 2.099* 0.161 A.647* 0.255 2.612*
Boys 0.290 2.192* 0.111 0.84 0.263 1.969*

GUIls 0.0959 0.657 0.223 1.531 0.245 1.67«t

**< _Cl ¢2< .05 o< 05 ( -l <&
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The above table reveals that mathematics
ability was a good predictor of achievement for
the i1ntegrated programmed instruction group,
where the correlation coefficients were all
significant* For the conventional instruction
group* the correlation coefficients of 0*205 for
total scores and 0*290 for boys®™ scores were
significantly greater than zero at the*05 level™*
There was no significant correlation between the
girls®™ scores on mathematics ability and their
scores on probability poet-test in the
conventional instruction group* The low correlation
coefficients of the PZ group are not significant™*
Jut a correlation of 0*188, £ = 1*55” for the

Pl boys approached significance at the *05 level

of significance*

The correlation coefficients between boys®
scores on mathematics ability and their scores on
probability post-test are relatively higher than
those for girls* On this basis, one "can conclude
that mathem. tics ability is a better predictor

of achievement for boys than for girls*

Reading ability seems to be a good predictor

of achievement for the subjects in the integrated
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programmed instruction group. The correlation
coefficients between probability achievement and
reading ability for the other tvh instructional
groups are fairly low. An interesting case is

seen in the low negative correlations for the
programmed instruction group, an indication

that for this group reading ability is not a

good predictor of achievement. It was observed
from table 16 that the mean performance 1in

reading ability te3t for the programmed instruction
group was the highest (T - 59*8) which according

to earlier findings should mean that this
instructional group should, have performed
better In an achievement test. Prom the
correlational results therefore, it seems
appropriate to assert that better reading
cannot be attributed to higher achievement in

probability.

There were low neg tive correlations
between attitude towards mathematics and
probability achievement scores for the subjects
in the programmed instruction group. An
examination of table 16 page 1%~/ reveals that
girls of the Pl group favoured mathematics more
than any other sex group in the study. This is
shown by a relatively higher mean attitude score

of 9.50 for the PI girls. One would expect a
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high attitude score to be positively and highly
related to higher achievement. But as it stands
here, this was not the casea The low negative
correlations exhibited by the subjects in this
treatment group may imply that a high positive
attitude cannot be attributed to higher

achievement in probability.

For the IFI group, it was found that
significant correlations existed between attitude
towards mathematics scores and probability post-
test scores when the total scores were considered
(r m 0.190*, P<.05). The correlation for boys
was not significant (r m 0.095"* » m 0.769*
P;>.05)* The correlation for girls of the same
group was significant (r - 0.306; s = 2.31*

*<>05).

It was also found that significant
correlations existed for the subjects in the
conventional instruction group at the .03 level
of significants. 1t can therefore, be
interpreted that with the exception of boys
in the IPX group, attitude towards mathematics
is a good predictor of achievement for the

subjects in the 1Pl and the CI groups. Hence,
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for these groups, L rdoch"s (6, 1968) contention
that i1f liking for a subject is great, then

learning Is enhanced was supported.

All the correlation coefficients between
attitude towards the program and probability
achievement scores axe low and insignificant
(see table 21). 1t nay neon that the subjects
did not understand the items in the attituae
towards the program questionnaire, although each
item in the attitude inventory was thoroughly
explained to them by their regular teachers.
Possibly, a percentage count of the subjects
response to each itjm would have provided a more
precise picture of the nature of the subjects®

response to each item.
A.2.5.2. PiI™NJICTIOM OF A-_JiJITION

Table 22 presents the Pearson product-moment
correlation coefficients between pre-test
probability achievement, post-test probability
achievement and retention test scores, on each
of the four cognitive levels - knowledge,

comprehension, application and analysis.
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Ta”LLJé&s

co,Mlajiqnj bItN x Pki—tl-I.

<WTOS»VL _toSUskS

Cognitive ProtesR‘»ni iost-teet and
Level Retention test Retention teat
Total Score* 0*176 | F< .0S 0*329 * P< . 5
Knowledge 0.1299 |P< .o ~*«28 1 P<.*1
Comprehension C.G459* P> .05 C.C-76C; P>.C>5
Application 0.0623* P> .0* 0.133 *P<. S

Analysis -0.076C* P> . 0.119 | :>>.:%
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There existB a significant positive
relationship between pro-test scores and
retention scores (r m 0.176, F<.05) and a
significant positive relationship between
post—test scores and retention test scores
(r = 0.529, P<.05) when total scores are
considered. The relationship between post-test
scores and retention test scores is stronger
than that between pre-test scores and retention

test scores.

On the knowledge cognitive level, there is
a strong negative relation between post-test
and retention test scores (r m 0.628, P<.01),
while the relation between pre-test scores and

retention scores is positively low (r - 0.1296).

The correlation coefficients on the
comprehension level are very low with that between
post-test and retention test being relatively
higher than that between pre-test and retention
tost scores. This trend also obtains for the
application and analysis cognitive levels, naiaely,
the correlation between post-—test and retention
test 1s greater than that between pre-test
retention test scores. From this discussion it

ia clear that the post-test scores are a better
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predictor of retention than the initial

pre-test scores.

Further product-moment correlation
coefficients were computed to provide more
information on the predictive nature of
the variables under consideration, namely,
pre-test scores and post test scores for the
sex groups in each of the three instructional
groups. Table 23 shows the correlations for

the instructional groups.



TAOLfc 23»

FArQLULTHOHKM COMWCLATICWS iLT'.-LK
UU&J1+S&JJ&VL &INEL&ISSL

TE | fOfc TOTAL SCQHLw

Method of Pre-test sod poat-test end
Learning Retention test Retention test
Pit total 0.215] F< <5 0.i-G; P>.05
Soys 0.210] £ " g.192; P> .05
tailed)
Girls 0.269] PC *05 0.0317> P> .05
i Total 0.145; P> _.C5 0.444; P< .01
3oya 0.125; .05 0.49 ; p< .01
Girls 0.137; > O 0.424; P<#01
CZS total 0.225; .cstone™*
tailed) 0.361; 2<r~i
Boys 0.14S; P> .05 0.394; P< .01
Girls 0.293; P< .c5(ont»- 0.322; PC.0O5

tailed)
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An examination of table 23 reveals the

followingi

1*

2*

Significant positive correlations existed
between pre-test scores and retention test
scores at the ,03 level for the FI groups
The correlations between post-test scores
and retention test scores for this same
group were not significant at the .03 level
of significance* This Beans that for the
individualized programmed instruction group
pre-test scores were a better predictor for

retention than post-test scores*

The results for the integrated programmed
instruction group show that the correlations
between post-test scores and retention scores
were positively higher than correlations
between pre-test and retention test scores*
Further, the correlations between post-test
scores and retention test scores were
significant at the 1% level while correlations
between pre-test and retention test scores
wei-e not significant at the 3% level* The
results for this instructional group
indicated that post-test scores are a mors
valid predictive variable for retention than

pre-test scores*
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The correlations between post-test and
retention test scores are higher than
correlations between pre-test and
retention test scores for the subjects
the conventional instruction group, an
indication that post-test scores are a
better predictor of retention than

pre-test scores*

in
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CHaPT ;H FIVE

SUmMAIlY. IWTEHP~Taj?10h'6. H"COrtIEKDAJIONS

AND COWOLU JONtt

5.0 SUMMaHY

This study has described the design
procedure and analysis of the investigation
conducted to determine the relative effectiveness
of three nodes of instruction: - Programmed
Instruction, Integrated Programed Instruction
and the Conventional mode of instruction and
has assessed the relative effectiveness of the
three modes of instruction upon different sex

groups.

Differences among the three instructional
groups in variables such as reading ability,
mathematical ability, attitude toward mathematics
and attitude toward the program have also been
examined* Further examinations have been made on
the relationship between these predictor variables
and achievement in probability post-test; and
between pre-test achievement, post-test achievement

and retention test.
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tor data analysis» one”™waj analysis of
Vv _.i not , a two-way analysis of covariance”
t-v ,I0 and the Scheffe" test have been used*
Analysis was done by means of a desk

calculator.

A one-way analysis or variance was used to
teat for differences among the treatment groups

in the following variables:

1. probability pre-test achievement;
2. reading ability test;
3* mathematical ability test; and

%o attitude toward mathematics.

A two-way analysis of covariance was used
to compare subjects* scores in probability post-
tost and retention test. The t-teatsmrere used
to compare the performance between boys and girls
in the study. The i1jeheffe® test and the special
t-teat were computed following significant
analyses of variance and covariance respectively
to find out which pairs of means differed
Significantly. The Pearson product-moment
correlation coefficients were computed to find
oat which variables were good predictors of

achievement and retention.
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5.1«<0. sutural of nwjiMGa

This section gives a summary of the
findings pertinent to the hypotheses stated
on page 0 chapter one on each of the four

cognitive levels, and for the two sex-groups.

5.1.1* SOMHAHY O1" riNi“IWt/o OP KA/1V.

ACMsya-uaiT or knowledge SUKr. tasks

The hypothesis of no difference among the
three instructional groups and between the two
sex groups was accepted. But an inspection of

the subjects* mean performance revealed that:

1. Girls who learned by the conventional method
performed better on the knowledge sub-tests
than boys and girls in the other instructional

groups,

2. Boys learned better when they received
programmed instruction supplemented by

teacher iInstruction.

5.1.2 SUMMARY Of HHJ1HGS 0? POBT-1wJ

ACHI1anBISHT OH TIHIK COKPic, ,Hi3folON SUB- TASKS

The hypothesis of no differences among the

treatment groups and between the two sex groups
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was supported. But different sex groups were
found to interact significantly with different
teaching sethods. The analysis of results
showed that boys performed relatively better
in comprehension tasks when they were taught
by the human teacher than when they received
other instructions. Girls on the other hand
learn better when they go through self -

instructional materials.

5.1.3. uummahy oOr tinjinc” ot
ACHUSV:™ I7T ON Tire JulLIGe=_1i"10ON
COGNITIVE LEVEL

The hypothesis of no differences among
the three instructional groups was again accepted.
But that of no difference between the two sex
groups was rejected. A significant interaction
between the two sex groups and the instructional

methods was also found.

Girls were found to perform well when they
received teacher instruction than when left to
study on their own through the program. The boys
who learned through the program were relatively
superior In performance to the boys who were
taught by the program and the teacher. In the

conventional instruction group, the two sex
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groups were comparable. When the overall
performance of boys and girls was considered
on this level, boys were found to have

performed significantly better than girls.

5.1.4. SUreiARY Or FINDINGS Or” fOST-TrJoT

ACTFIEVAMaNT OH ANALYSIS COGNITIVE

I SEBK

The hypothesis of no difference among the
treatment groups was rejected. The integrated
programmed instruction and the conventional
instruction groups performed better on analysis
subtasks than the programmed instruction group.
On the whole, the performance by the conventional
instruction group was superior to that of the

other two instructional groups.

In summary, the results of this study have
shown that in an achievement test, there were no
wide differences among the three instructional
groups on knowledge, comprehension and application
subtasksj but that treatment differences did exist
on analysis subtasks.

and
On knovjlcdge/applicration subtasks, girls

were found to perform well in the achievement test

when they were taught by the teacher, while on
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the comprehension aubtasks they learned better

through self-instructional materials*

Pupils who received teacher instruction
performed well on analysis subtasks* The
performance of those pupils who received
individualised programmed instruction was the

poorest*

It can be said that on higher cognitive
levels, pupils who received individualized
instruction performed poorly while those who had
the support of the teacher performed well* This
argues well for the program to be supplemented
by teacher instruction* And Banghart's (1968)
contention that programmed materials are most
effective when u..ed to supplement the classroom
teacher was supported by the findings of thi.8

study*

5.2. dUMMAIY OF ANALYdIS OF P.AbIOTOR
VAiajjBLKtt

The hypothesis of no difference among the
three instructional groups in the variables for
the prediction of achievement - reading ability,
mathematical ability, attitude toward mathematics

and attitude toward the program were all accepted*
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The following were, however, revealed from

the subjects' mean scores:

1.

On reading ability, the programmed instruction
group performed better than the other two
instructional groups with the programmed
instruction boys being relatively better
readers than all the other subjects in the
study. The programmed instruction girls were
better readers than their counterparts in the
other instructional groups. The integrated
programmed instruction group's reading

performance was the poorest*

When the overall performance was compared for
boys and girls in the mathematical ability

test, boys were found to be superior to girls.

(a) The IFI boys' mathematical ability scores

were coaparable to the CIl boys/scores.

(b) the IHL boys and Cl boys performed better
than the CI girls. The poor performance
by the CI girls can be interpreted to
mean that the CIl girls were unable to
perform mathematical computation and

reasoning tasks.
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3. On the attitude toward mathematics scored

(a) Girls of the PI and CIl groups slightly
favoured mathematics more than the boys
in the same treatment groups and also more

than the subjects in the IPI group*

(b) The lowest preference for mathematics was

exhibited by the girls of the IPI group*

4. Pupils who learned individually by the program
found the programmed materials mure interesting
than those who learned through the program and
the teacher. In the Pl group boys favoured
the program more than the girls. In the IPI
group both boys and girls equally favoured

the program.

On the whole, boys were found to favour the

program more than the girls.

5-3. aUlfhiKY Of ANALYSIS GiI .t.“Nx'iQN

The hypothesis of no difference in retention
among the three instructional groups was supported

in each of the four cognitive levels.

Though there were no differences in retention
among the three treatment groups, an examination

of the mean scores revealed the following}
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On the knowledge subtasks, the i1l girla retained

bore anterial than either the FI boys, the

IPX or th*. ci groups.

On the conprahension subtaaks, tho Fl boys
increased in their retention scores while
girls of a siailar group dropped in their

retention scores*

On the whole, the neon retention scores for
boys of the CI group was higher than for

any single sex group*

There was a drop in retention scores by the
boys of the XFI, FI and Cl groups* A snail
increase in retention was shown by the

girls of sinilar treatment groups*

On the whole, the ClI girls* retention scores
were slightly higher than those of the other
subjects* The aeon retention score for the

boys wae the lowest*

On the analysis subtests, all the subjects
dropped in their retention scores* The

Cl girls had the greatest drop and the FI
boys the lowest drop* The results showed
that FI boys and 111 boys retained greater
oaterial than the other subjects iIn the

study* " 1IOjJa in each trw tcent group scored
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relatively higher than girls of similar

treatment groups*

5% When the subjects were compared for their
total scores it was found that the IP1 boys
increased in their retention scores while
the other subjects dropped in their
retention scores* The PI girls and the
IPI girls had the lowest drop* The boys of
the IP1 and the CI groups scored higher
than girls* The Pl girls scored higher
than the PI boys*

On the whole, it can be said that the Pl
girls, the IPI boys and girls showed a greater
retentive power than boys of the Pl and 01

groups and the CI girls*

It seems appropriate to assert here that
though the subjects did not show wide differences
in the retention test, some small differences
did, however, exist* The girls of the Pl group
seem to have shown a superior retentive power
on those tasks that required the recall of
specifics* The Cl group's superiority was
evident on comprehension subtasks* It is

interesting to note that the scores for the



192

girls of the three treatment groups were
relatively higher than those of the boys in

similar groups*

When the total scores were considered the
retention die rolled in favour of the FI girls,
IFI boys and IFI girls* In other words, with the
exception of the FI boys, the two programmed
groups showed relative superiority in retention
over the Cl group. One pos ible reason that can
be advanced for the superiority shown by the
programmed group is that these two groups took
the programs home with them at the end of the
investigation* It is suspected that they may
have continued to read the program* No reason
can be found for the poor retention by the FI
boys, particularly when their attitude to
programmed materials is considered* The boys
of this treatment group significantly favoured
the program more than the girls of a similar
group* Hore would possibly have been gained if
attitude scores had been correlated with

retention test scores*
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5.4. SIMIAHr OF CORKaWlOllIUI analysis

5,4.1. PPF.nTCTION OF iOST-TE.jl ZiCHIEV/AhNT

The results of correlational analysis
show that mathematical ability was a good
predictor of achievement for the boys and
girls who received programmed instruction
supplemented with teacher instruction in small
groups. When total scores were considered, it
was found that mathematical ability was a better
predictive variable for boys than it was for

girls.

Reading ability was also found to be a
good predictor of achievement for the IPI group.
It is interesting to note that the correlation
coefficients for the Pl group were all negative
and low. This may indicate that reading
ability is not a good predictor of achievement
for the subjects who learned through this

method.

It was observed from table 16 page 132
t.iat the mean performance in reading ability test
for the Pl group was the highest, which,
according to research literature should imply

high performance in the achievement test.
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Prom the correlational results, therefore, it
seems appropriate to assert that for this group
the ability to read cannot be attributed to
higher achievement in probability* It may
also mean that comprehension of the reading
ability test items may not necessarily be
associated with comprehension of programmed

materials*

Low correlations were recorded between
attitude toward mathematics scores and post-test
achievement scores for the Pl subjects*

Inspection of table 16 page 152 revealed that the
girls favoured mathematics more than the boys*

This was shown by a relatively higher mean attitude
score of 9*50 for the Pl girls* One would expect

a high attitude score to be positively and highly
related to higher achievement* But this was not
the case* Hence it may be said that a high positive
attitude towards a subject cannot be attributed to

higher achievement in probability*

With the exception of boys in the IPX group
attitude toward mathematics was s good predictor
of achievement for the subjects in the IPI and
the 01 groups* For these two groups, Murdoch's
(1968) contention that if liking for a subject is

great, then learning is enhanced, was supported*
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All the correlation coefficients between
attitude toward the protean scores and
probability achievement scores were low and
insignificant* No suitable reason can be
advanced for this surprise results. The queer
results may be interpreted to mean that the
attitude toward the program was not a good
predictor of achievement for all the three

instructional groups and for the two sex groups*

The boys of the Pl group favoured the
program more than the girls of the same group*
This favourable attitude, as suggested by
llurdoch should have been followed by high

achievemente
5*4_2. PREDICTION O1 it

Predictor variables for retention, namely,
pre-test achievement and post-test achievement
were examined for total scores and for each of

the four cognitive levels*

There was a positive relationship
between pre-test and retention scores and a
significant positive relationship between
post-test and retention test scores, the relationship
between post-test and retention teat scores being

stronger than th;t between pre-test and retention test
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scores, for total scores.

On the knowledge cognitive level, the
relationship between post-test and retention
test was strongly negative, and significant while
the relation between pre-test and retention test

scores was positively low*

On the comprehension, application and
analysis levels, all the correlations were very
low. The correlation between post-test and
retention test were relatively higher than those

between pre-test and retention test scores*

In stunmaxy, it can be said that post-test
scores are a better predictor of retention than
the initial pre-tost scores for total scores and

for each cognitive level*

Correlation coefficients were also computed
between pre-test, post-test and retention test
for total scores, for boys and girls for the

three instructional groups*

For the Pl group the correlation between
pre-test and retention for total scores, for
boys and girls were all significant, while those
between post-test and retention tost were not

significant - an indication that pre-test scores



were a better predictor of retention than

post—test scores.

For the IFI and the CI groups, all the
correlations between post-test scores and
retention test scores were significantly
higher than those between pre-test and retention
test scores. This means that post-test scores
predict retention more than the initial

pre-test scores.
5.4.3. IWTLHPttei'A'110H AND

The present study has found that the
treatments had no effect on the subjects’
performance for knowledge, comprehension and
application cognitive levels. For the analysis
cognitive level the treatments affected the
pupils' scores. The IPX and the Cl methods
were superior to the Pl method and the CI method
was superior to the IPlI method. This means that
the CI method is best suited for higher cognitive
processes. The findings here have contradicted
some of the research findings from the west
which have attested to the general effectiveness
of the program as a method of instruction. The
findings from the west that programmed instruction
combined with teacher instruction produce better

results than individualized programmed learning
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have been supported by the results of this

study.

The present investigator agrees with
danghart's observation that if programmed
materials are well designed and well tested
and teachers trained to competently supervise
programmed learning, then one can expect a
significant achievement in favour of
programmed materials. The teachers involved
in the present study had a brief training
period (4 days) in the use of programs and in
the topic taught, i.e. probability. The training
period was, however too short to enable the
teachers to competently handle the programs.

It should also he noted that this was the first
time such teachers were exposed to programs. This
factor, i.e. lack of competence to handle
programs may have contributed to the poor
performance by the pupils of the programmed
instruction group. It is therefore recommended
that future researchers of programmed learning
train teachers for a longer time in the use

of programs to ensure efficiency in utilising

programaed materials.

It was mentioned in section [.i™ that it
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was not possible to employ the services of
teachers of the same grade and to have a single
teacher responsible for the three instructional
groups. It was however hoped that the training
of the teachers in probability would help to
remove some teacher variability with regards to
the content of the subject. But the training of
teachers in the content to be taught would not
remove teacher interest in probability or teacher
competence to handle the topic. Both variables,
namely teacher interest and teacher competence

in the topic could have affected the performance
by the subjects in the programmed instruction
and programmed instruction combined with teacher
instruction groups. It is therefore recommended
that in any future investigation into the
effectiveness of programmed instruction, teacher
interest in the subject and teacher competence
to handle the subject should be carefully looked

into.

On occasional visits to experimental
schools during the course of instruction, the
investigator observed that some IPI teachers did
not actually integrate with the program. Instead

their classes reverted to individualised
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programmed instruction. This is likely to have
contributed to the relatively poor performance
by the IPX group in comparison to the
performance by the CI| group. One would expect
the IP1 group*8 performance to be much better
than either the Pl group's or the Cl group's
performance if the IPX teachers had really
integrated with the program. Future researchers
should ensure that IPI teachers really integrate
with the program to produce better results as
suggested by Baghart and Jamieson who emphasize
the supportive role of the teacher as being a

significant factor in programmed learning.

Instruction was conducted during the normal
mathematics periods and all the three instructional
groups had the same amount of learning time. In
order to ensure that the subjects of the three
treatment groups were in contact with learning
materials for approximately the same amount of
time, the programs from the Pl and IPIl groups
were collected at the end of every lesson. It
was observed that the programmed instruction
group took a relatively shorter time to complete
the program. This observation agrees with

fteadowcroft's observation. The results of hie



study shoved that although programmed instruction
was not superior to the textbook nethod, it was

more efficient In savin student tine*

Zt is not known how much time the Pl group
took to complete the whole program as this was
not measured by the teachers of the Pl group as
was required. Time taken by each individual to
complete a program is an important factor and
should therefore be measured and correlated with
post—test achievement in future iInvestigations.
It is also necessary to know how much time a
teacher spends with each subgroup in the IPI
group as the intensity of teacher interaction
with each subgroup is likely to affect the
performance of the whole class. Hence it 1is
suggested that future researches look Into this

variable.

On pages 108f 109 and 111 it was mentioned that
the pupils of the 11 and the IPI groups did

self-tests at the end of each booklet and that
the pupils in the ClI group were given class

exercises and homework. This means that the CI
group had extra work which the other two groups
did not have. This may hnve contributed to the

superior performance by the CIl group.
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The exercises for the Cl group and the
self-tests for the Pl and the IPI groups were
comparable* The post—test sampled the
information taught in the program and the
lesson* The post-test, the self-test and the
exercises were closely related in most cases*
For this reason it can be said that the criterion
test did not favour any one method to the
exclusion of the others* It is therefore the
opinion of the investigator that the observed
differences were not due to the test procedures

as found in Roebuck's study*

In this study, some Pl teachers' apparent
negative attitude towards the program was noted
on two occasions, one, when they failed to
record time taken by each pupil to complete a
program and two, when they raised complaints
that the program was too long and that if they
continued usin it, they would not finish the
syllabus in time* This suggests that these
teachers did not properly utilize the programmed
materials and ns has been noted elsewhere,many
have contributed to the relatively poor
performance by the Pl group in comparison to

the CI group* Teachers' attitude both towards



the subject and the method bj which that subject
is presented is an important variable that can
affect students* performance. It is unlikely
that a teacher with low value attachment to
mathematics will motivate his pupils into

liking the subject. Similarly* a teacher who

is not sure of a particular method is not likely
to efficiently guide children to learn by that
method. It is therefore necessary for future
researchers of programmed learning to examine
teachers* attitude towards mathematics and towards
the program as a method of instruction* and
whether instruction would produce attitude

changes.

One of the most important variables in
programmed learning is a child"s reading ability.
It 1s hypothesised that it a child can perform
well In a reading ability test then he can read
and understand programmed materials on his own.
The results of this study do not support this
hypothesis. The correlation coefficients for
the £1 group between reading ability test scores
and post-test scores are negative and low*
suggesting inverse relationship. This may
imply that the reading ability test used in

this study did not use the same terminology used
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in the program and can therefore be regarded as
not being valid with regards to modern mathematics

programs like probability.

The advantages of programmed instruction
are to be found iIn the retention test,
Retention scores are more important than
immediate post-test scores. Hence a teaching
method that produces greater retention power is
most ideal. In this study, the three teaching
methods, i1n general, seem to have produced equal
retentive power. But a close examination of
total scores reveals that the 1Pl group retained
more material than the other two groups. This
helps to boost the power of the IPI method as
a powerful learning tool and supports Dick"s
contention that the benefits of paired learning
are found in the retention of the matexrial and

not in the iImmediate performance.

In this study, i1tem analysis on the
attitude questionnaire was not undertaken. This
should be done in future researches to establish

the reliability and validity of the questionnaire,

CONCLUSION

The results of this study are limited to

the group for which the study was undertaken.



However, it is hoped that these results will

be of value to curriculum developers,
administrators, primary school teachers,
mathematics tutors in the teacher training
colleges, and above all, to researchers in
primary mathematics education in Kenya* Further
the findings of this study should open the way
for further research iIn other areas of
programmed leamin j which have been mentioned

earlier in this section*

IT the educational problems mentioned 1in
the iIntroductory section of chapter one are
to be overcome, then programmed workshops should
be established in the country where teachers
interested iIn the use of programs can be trained
in the construction and execution of the
programmes* This will ensure widespread use of
the programmes in Kenya and will subsequently

give them a place in mathematics education*

During the investigation, some teachers
expressed their fears of possible replacement
by the programs, should they be found effective*
The programs should not be seen as an attempt to

replaco the human teacher, but should be viewed
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as a powerful and effective aid for the teacher*
As suggested by Lawlesst the use of programs

will release the teacher from the rigid pattern

of class teaching*
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APPENDIX A

PROGRAMMED INSTHPO? 10N
PROBABILITY

INTRODUCTION

The material presented to you here is in the
form of a program for self-instruction. The
subject matter covered iIn this program has been
broken Into items or frames which permit you
to learn efficiently by studying and answering

each step or frame separately.

The most effective way to study a program
for self-instruction Is to read and study each
frame carefully, you should study definitions
and formulas thoroughly as you go along so that
you will be able to acquire new information step

by step.

After you have studied a question frame,
write out your answer fully on a separate piece
of paper, then \compare your answer with the

answer given at.the.back of the page.
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The material will be arranged in this

manner: -

1. Look in your multiplication table.

Can you find an ™"answer™ to

V i 2’? 3} i? t
8? 17? ... ; -
5 9 7

2. Look at the number line below.

0 A B C 1

1 1 X 1 1

Into how many smaller segments have we
divided the unit segment (the length from

0 to 1)?

3. Refer to frame 2.
What Rational number is shown by the length
of the segment from.

(a) 0 to A?

(b O to B?
(c) O to C?
(d O to 17
Answers.
1. ?F; ]i?; I']—-; 2. A smaller segments
7 ? 7
3. () *

() H © * (@ 1.
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Tou are to write down your answer in the
blank of each frame* Then compare your answer
with the answer given at the bottom of each
page* If you do not get a question at the
end of a frame correct, read again the frame

corresponding to the question*

At the end of each section there is a short
test intended as a self-test* The answers are
given following this test* |If you do not get the
questions in the self-test correct, read the frames
again until you understand them well to enable you
to do the self-test8. |If, after rereading the
frames you still cannot understand ask your

teacher to help you*

Why study probability

Probability, is an important branch of
mathematics* It iIs used in making decisions in
military operations, scientific research, design
and quality control of manufactured products, Insurace.
calculations, governmental operations, etc* It

is also important in all games of chance*

When learning about probability, you are
learning about a very iImportant branch of

mathematics*
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This unit is divided into three sections*
Section one deals with i1deas about chance,
section two s on Experiments in Probability
and section three is about Finding

Probability*

Francis Obunga-Okambi



1. Thinking about chance.

Materials.

Materials needed for this unit include dice,
coins - 5-cent piece, 10-cent piece and 50-cent

piece) marbles and spinners,% _
"Terms to be learned.

Likely, unlikely, chance, probably, certain,

uncertain, probability, fair, unfair.
Purpose,

To stimulate pupils to think more objectively
about chance events. Through participation,
discussion, and sometimes, demonstrations by the
teacher, pupils Kill have opportunities to test
their intuition regarding the results of some
activities involving chance and to make guesses,

estimates, and predictions about such results.

Suggested timet- 5 to 6 lessons.

Introduction:

You probably have heard or made statements

like:

1, 1t is more likely that 1 shall go to see my
uncle during the holidays,
2, Chances are good that my father will buy me a

shirt at the end of this month.
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3* Kamau and Barasa have equal chances to win*
4. 1 am almost certain that I can come to your

house after school*

These sentences are alike In one way* The”
have wprds and ideas which are used iIn mathematics*
These words and ideas are used in a part of mathematics
called probability* |In probability we are interested
in things which happen by chance* By using mathematics
we can often estimate quite accurately what will

probably happen*

1* Answer the following questions:
a) Which footbal club will win the East and
Central Africa Club Championships cup uext

year?

b) Will all the members of your class be in

school next Monday?

2* The questions in frame 1 are chance events* Can

you be certain of their answers?

3* Some things are more likely to happen than others,

a) Which i1s more likely, that one of the pupils
in this class will be absent or that the
mathematics teacher in this class will be

absent?
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b) Which is more likely, that you will have
ugali for breakfast or that you will have

ugali for lunch?

4. Some things are more likejyto happen than not.
a) In Kisumu in July, is it more likely than
not that it willxrain at noon? -
b) 1Is it more likely than not that you can find

the sum of 324 and 4637

3. Some things are certain and some things are
impossible. Write C if an event is certain or |1
if the event is iImpossible.

i) A man can live without water for three months,

i) Barasa®s dog can write his fTirst and last
names in swahili — -

iii) All new cars from China this year will use

water fTor fuel.

iv) Tomorrow, today, will be yesterday.

Answers!

4 (a) Not likely, (b) More likely,
324 * 465 - 789

5 (a) 1 (in) | (i) |
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6, Our ideas about chance might be classified as

certain, uncertain, or iImpossible.

In the following sentences, write C, U, or I

for certain, uncertain, or Impossible.

(@) It is that the sun will set iIn the east.

(b) It is that a river Tlows downhill.

(o 1t i that; we will see the sun tomorrow.

(d It is that a river fTlows uphill.

(e It is that | will not sleep at all this weelj

(0 It is that a river is deep today than
yesterday.

7, When we say a teacher gives a test on Friday, it
does not mean we are sure he is going to give one
this Friday, W can use numbers to tell how

likely it is that he will give a test this Friday,

Mrs. Obunga gave a test on 3 Fridays out of every

4 last year,

Mr. Ogoti gave a test on 7 Fridays out of every

8 last year,

Mrs, Okiya gave a test on 2 out of every 3 Fridays
last year,

Mrs. Oyor gave a test on 20 out of every 21 Fridays
last year.

Who is the most likely to give a test on Friday?
Who s the least likely to give a test on Friday?

Answers:
6, @@ 1 (b C (o U @ 1 () 1 (H U.
7. Mrs, Oyor, Mr. Ogot.
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8. ?or Mrs, Obunga®s 3 out 4-,we write H.
For Mrs. Ogoti"s 7 out of 8,we write
For Mr8* Okiya"s 2 out of 3* we write _

For Mrs. Oyor®"s 20 out of 21, we write

9* Write the outcomes in frame 8 as equivalent

fractions. , . -

10 - On the left is a picture of a die.
(a) How many faces has the die?
(b) List the number of dots on the
remaining faces
11. If the die on frame 10 i1s tossed once, tlé&e are
six possible outcomes , , , ,
Answers:
8. 2 20
) 21
9. *26_, m . . 160
168 168 168 168
10. (@ 6 ® 1, 2, 4.
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12. IT a die iIs tossed, the face that is on top 1is
the one that counts. For example, in frame
10, the face with 3 dots shows up. So this is
the face that we consider. IT we were playing
a game with this die, we would consider the

result as a score of 3*

13. If the die in frame 10 is tossed once, how
many times are the following numbers likely
to show on the top face?

1. 2. 3.

4. 5.

14. IT we toss a die once, are there equal chances
that a number on any of the six faces will

show up?

13. If events have equal chances of occuring, we say
that they are equally likely. If you were playing
a game with a friend and each one of you had an
equal chance of winning, we would say that the
game was fair. But if one of you had more chances

of winning, we would say that the game

Answerst

12. No answer is required

13. Once; once; once; once; once; once,;
14. Yes.

13. Unfair.



- 224

16, You are to play a game with your friend. The

game is "Toss a die once and see who wins."

In this game you win if 1 shows up. The other
wins 1T 3 shows up. In order to decide whether
the game is fair or unfair, we first list all
the possible outcomes of the game. These

outcomes are

i » » » »

17. After we have listed all the possible outcomes
of a single toss of a die, we then find the
number of times | is likely to show out of the
six possible occurrences. W also find the
number of times 3 is likely to show on the

top face of the die.

We see that | is likely to show on the top face
once and 3 is also likely to show up on the face
once We say that these events, | showing up and
3 showing up are _ likely. And the two

players have equal chances of winning the game.

Therefore the game is

ANsSwers:

16. 1, 2, 3* 4, S, 6.

17. Equally; fair
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18. In the game "Toss one die and see who wins",
you win if an odd number shows up. The other
player wins if an even number shows up.
Write down the set of odd numbers and the
set of even numbers that are likely to show
Lp.

(@ (odd numbers ) - ( .,
0>) (even numbers) - ( __, __
(c) Are these events equally likely?
(d) Is the game fair or unfair?

19. In the game "Toss one die and see who wins™,
you win if 3 is up. The other player wins
if a number greater than 3 is up.

List the outcomes for each player.

(a) Outcomes for fTirst player

(b) Outcomes for second player )
(c) Are these outcomes equally likely? =
(d) Is the game fair or unfair

Answers:

18. (a) (odd numbers) » (1. 5, 5.)
0>) (even numbers)- (2, 6.)

(c) Yes (d) Fair.
19« (a) 3 (b) 4, 5, 6 (c) No
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20. If one die is tossed, there are 6 possible
outcomes. If two dice are tossed, there are
36 possible outcomes. These are
.1, @,2), (@,3, @.4%9. @,5, @.6
2.1, (@,2), 2,3, @49, (@5, .6
G.1), G.2), @G.3), G.4. @G,5, .6
n. n. Cu). aJ, u , _*)
(_J. m(1J, 2. Cind
). (_J. _J. (_a, .

21. In frame 20 the first number in the ordered pair
refers to the outcome on the first die, while
the second number refers to the outcome on the
second die. Thus in the outcome (1,3), 1 is
the number that shows up on the first die and
3 is the number that shows up on the second die.

22. You are to play a game with your friend. The
game is, "Toss two dice together". Onre die is
white, the other die is green. In this game,
you will win if 1 is on each die, that is you
win if the outcome is (1,1).

Answers:

20 - @4 ., @5°

(5.4) , (5,99,6)
(6.4) , (6,%96,6)
21. No answer is required
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The other player wins if 5 is on each die.

That is he wins if the outcome is (5*5)e

Outcome for first player

(a)

(b) Outcome for second player

(c) Are these outcomes equally likely?
(d)

Is the game fair or unfair?

23. In the game of frame 22, you win if there is
an even number on the white die. The other
player wins otherwise.
(a) Outcomes for the first player are
@.0., 2.2, @3, &&F @.5,. 2.6)
“4.1), (3, .0, J. (Ca)
(~"J. C * (~)* (*J. ciJd.
Outcomes for the second player are:
(G,i), @.2), (@&,3)* (1,5, (1.,6)
G.D, *I, D> ("), Li->, («™)
(A)* (1¥)* (alJ. A>D. UJH)
Answers:
22.  (5,5)
(a) (1,1), (b) (5,5) (c) les
(d) fair, because each player has one chance
out of 36 possible chances.
23. (a) (4,2), (4,3), (4.4), (4,5), (4,6)

(6.1) , (6,2), (6,4), (6,5), (6,6)
(b) (3,2), (3,5, (3.,4), (3,5, (3,6)
(5-1) , (5.2), (5,3), (5.4), (5.5, (5.6).
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24_.(a) Are the outcomes i1n frame 23 equally likely?

(b) Is the game in frame 20 fair or unfair?

25* In the game in frame 22, you win if 6 Is on
the white die, and he wins 1f 4 Is on the green
die.
(@) Outcomes for the first player are
6,1, (__C «) C«). (C*)-
(b) Outcomes for the second player are
@@=y, (C*)*C*)*C*)>* (»)
(c) When will the two players tie?

26. (@) Are the outcomes for the players in frame
25 equally likely?

(b) Is the game in frame 25 fair or unfair?

Answers:
24. Yes Because each player has 18 chances out of
36 possible outcomes.
(b) The game is fair.
25. (@ (6,1) (6,2), (6,3), (6,5), (6,6)
® (1.9, 2.9, G.49., “D, s
(c) There will be a tie if the outcome for
each 1s (6,4).

26. (&) Yes, since each player has 5 chances of winning.
0>) The game is fair.
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27. Hefer to the game in frame 22.
You win if I 1s on each die. He wins i1f one

die has 1 and the other die has 2.

(a) Outcome(s) for the first player ( « )
(b) Outcomes for the second player C » ). C « )
(c) Are these outcomes equally likely?

(d Is this game fTair or unfair?

28. Hefer to frame 22.
You win if the number on the white die is greater
than the number on the green die. He wins otherwise,

(a) Outcomes for fTirst player are

2,1, G,1, (xJI, UL, (aJd,
CmJ. . ,J. CxJ. LnJd. Cu.)
i—)» a- i*)

Answers:

27. (@ (@1.1), ® &.,2, @,
(c) Ho (d) Unfair

28. (@ (2,1, G,1, G,2), (4.1), (4.2, 4.3
(5-1), 5,2), 5,3), 6,4
(6.1), (6,2), (6,3), (6,4), (6,5).
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28. (b) Outcomes for second player are:
(1.1. 1.2), (1,3, (1.4, (1.5, (1.6)
2,2), (2,3), (J3.. (13,
(5.3), C«)* C«) (=)
C = )* (<)
ct)
29* (a) Are the outcomes of frame 28 equally likely?
) Is the game fair or unfair? __
30. In this game one die 1is tossed twice. You win
iT the number the second time iIs greater than
the number the first time. Otherwise he wins.
Answers:
28. (b) (1,1), (1,2), (1,3), (1,4, (1,5, (1,6)
2,2), (2,3), (2,4, (2,5, (2,6)
(313)1 <3!4)’ (3’5)’ (3’6)
4,4, (4,5, (4,6)
(5,5), (6,6)
29* (a) No. Player 1 has 15 out of 36 chances of

winning. Player 2 has 21 chances of winning.
The outcomes are therefore, not equally

likely.

(b) The game is unfair,



30. (i)
1

Answer:

30. (i)
(11)
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List the outcomes for the first player.

(1.2) , (1,3, (1.4, (1.5, (@.6)
(2.3) , L), i__).c_ ),

(—) (), *)

C__ ) )

List the outcomes for the second player,

(1,1).
.1 )
C_»t ) > C ),

(1.2). (.3, 1.9, (@,5), (@.6)
2.3, 2.9, (2,5, (2.6)
3.4, (3,5, G.6)
(4,5), (4,6)
(5.6)
(1, 1)
(2,1), .2
-1 G.2), G.3)
(4.1) (4.2). 4.3, 4.9
5.1) 5.2, G.3), G.4),. (5.5
(6,1), (6.2), (6.3), (6,4), (6,5)
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31. (i) Are the outcomes in frame 30 equally

@am

likely?

Is the game in frame 30 fair or unfair?

32, For the game in frame 50 you win iIf the number
each time i1s even. He wins if the number each
time is odd.
©O) List the outcomes for the first player.
@ - @A, ) ) )
C ), (). ), )
D) List the outcomes for the second player.
c___ 0, X Q.
CD)-(_).,c )
33. ©O) Are the outcomes in frame 32 equally likely?
(i) Is the game in frame 32 fair or unfair?
Answers:
31l (i) No. Player 1 has 15 chances while player
2 has 21 chances.
(ii) The game 1is unfair.
32, (1) (@2, (2.4, (2.6) (i  (1.1), ,@33), (1Bs5)
(4.2) , (4,4),(4,6) (3.1)@. 1., 3%3.98.,5X3
(6.2) ., (6,4),(6.6) (5-1)(3.13.3%5.36..5X5
33 (i) Yes
(i1) The game is fair
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VWM The word ou‘comes is often used in talking about
probability. People often ask, "How did the
football game como out?"” or they might say

"what was the outcome of the football game?".

In probability, when we talk about the outcomes
of an activity, we mean all the things that can
happen (all the possibilities). For a football
game, fTor example, there are three possiblities
or outcomes. lour team will win; your team will

or there will be a

35. In the game, "Toss a dig once and see who wins,"
the fTirst player won if an odd number showed up
and the second player won if an even number
showed up. We can make a list of outcomes and
see whether or not the outcomes are equally

likely. For instance for the first player,

the outcomes were, (1, , ). For the second
player the outcomes were (__, ) -
Since there are ___ elements in each set, we say
that the outcomes are __ likely.

Answers:

54. Lose

a draw or a tie.

35* Outcomes for first player: 1, 3* 5b*
Outcomes for second player:2, 4, 6.
3 elements
equally.
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36. You are to play a game with your friend. The

game

is Toss a coin once and see who wins.M

You win if a tail shows up, Your friend wins

if a head shows up.

@

®

How many outcomes are there fTor the game

List the outcomes

37. Refer to irame 56.
Write T i1f the following statement is true,

it

@
®
©

38. (&)

®)
©

@

Answers:

J6. (@)
)
37. (@)
38. (@
()
©

it 1s false, write F.

My friend is more likely to win
I stand a better chance of winning

We are both equally likely to win

What are the outcomes when you toss a die.
Remember a die has six faces, and any one

of these faces may be up. The outcomes are
12,3, » « e

Are these outcomes equally likely?
Are there just six outcomes when you toss
two dice?

How many outcomes are there when you toss
two dice?

2 outcomes altogether
Head; Tail

F (b) F (o)T.
1, 2, 3, 4, 3, 6.

Yes

No @ 36 outcomes
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To make a list of the outcomes, you make a
table. The left side of the table shows the
number of dots on the white die. The top of
the table shows the number of dots on the

green die.

Use a number pair for each outcome. The first
number is the outcome on the white die, and the
second number is the outcome on the green die.
IT the white die has 1 up, the green die might

have 1 also. This is shown as (1,1).

Finish the table below. Write a number pair for

each outcome.

Green die
1 2 5 4 6
1 oip At*) <11?> 0.6)
5 -
?
4
?
6

(a) How many different number pairs are shown
in the table
(b) How many outcomes are there fTor tossing

two dice

(c) Are all these outcomes equally likely?
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Answer:
39. Green die
1 2 3 4 5 6
1 & ) @2 ci,%;CM) ci,?; (1.6)
white 2 ,D ,2) @7 @2.D 2,2, 2-6)
die 3 ) R.2D 2.7 @2 GO
4 @1 -2 4.4 4,2, 4.6
?2 @G0 G2 @2xem) 2,2 6.6
6 6.D 6.2 (.?2: 6D cp1? 1&6)

(a) 36 different number pairs shown on the
table.
(b) There are 36 outcomes for tossing two

dice.

(c) Yes.



40. The spinner on the right 1is
half white and half red. If
you spin the pointer, what are
the outcomes? (Assume that the
pointer does not stop on the
boundary. If the pointer

stops on the boundary, do

not count It as a spin.

(@) The outcomes are and

(b) Are these outcomes equally likely?

What are the outcomes iIn the
spinner below?  and

Are they equally likely?

The rule 1s you win if the
pointer stops on Yj you
lose 1T 1t stops on x. Do
you want to play?

Why?

Answers:

40. (@) The outcomes are Red and White.
(b) Yes.

4. (@) X and Y.

(b) No. The pointer of the spinner is likely to
stop on X most of the time (in fact it will
stop on X K of the time and on Y K of the
time).

(c) No.

(d) Because 1 may lose most of the time.
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TIEIJ-TKfa? |

For each game a rule Is given that tells who wins*
IT neither player wins, the game is a tie. Try to
tell whether each game is fair and, iIf not who is
more likely to win* If the game is fair, write
“"F" in the blank. |If you are more likely to win,
write Y, IT the other player is more likely to

win, write '0".

1* Use one die*
(@) You win if 1 is up. The other player wins

it 3 is up.

(b) You win if an odd number is up. The other
player wins if an even number 1is up.

(c) You win if 3 is up. The other player wins

ifT a number greater than 3 is up.

2. For these games, 1f 1 is up, call it Hesuit 1.

either 2 or 4 i1s up, call 1t Result 2.

IT 3 5 or 6 is up, call i1t Result 3*

(a) You win on Result 3» The other player wins
on Result 1.

(b) You win on Result 3* and he wins on any
Result less than 3»

(c) You win on an even numbered Result, and he

wins otherwise. *

Answers to self-test 1;

1. (@ F M F () O
2. @ Y () F (c) oO.
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)

©

O

4. Use
@

(b)
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two dice, one white and one green*

Toss then together*

You win if 1 is on each die* The other
player wins if 5 is on each die.
You win if there is an even number on the

white die. The other player wins otherwise.

You win if 6 is on the white die, and he
wins if 4 is on the green die.
You win if 1 is on each die. He wins if one

die has 1 and the other has 2.

You win if the number on the white die is
greater than the number on the green die.

He wins otherwise.

one die, and throw it two times for each game.
You win if the number the second time 1is
greater than the number the first time.
Otherwise, he wins.

You win if the number each time is even. He

wins if the number each time is odd.

5* What are the outcomes when you toss a die? It

has six faces, and any one 1lof these faces may
be up. The outcomes are 1, 2, 3, , , .
Answers:
3. (@ F 0>) F (c) F (It is also possible for
both or neither to win).
@ o0 (& 0
4 () O (o) F

2* 3, 4. 5* 6.
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SivCTION 11

EXPERIMENTS 1K PROBABILITY

Objective: To help the pupils with the techniques
for gathering, tabulating, graphing and interpreting
data which they generate by tossing a coin, tossing

a die and drawing marbles.

The ideas gained from activities 3hould
sharpen children®s intuition about chance events
by analyzing the results of a large number of
trials.

Vocabulary:- Tabulate, horizontal, vertical,tally.

Materials:- Spinner, coin: 3-cent™piece and 50-cent

piece; dice, marbles.

3uftr-ested Time: - 6 to 8 lessons.

A. Tossing a Die

4-2. If you toss a die once, you have six outcomes.
1, 2, 3* 5, 6. IT you toss the die once you
may get any of these outcomes. IT you toss the

die six times, do you think you will get each

of the outcomes exactly once?

Answer:

42 . Ho.
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44*
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Hast tossed a die 20 times and recorded her

outcomes in the following table*

Ko*of No*of No.of No.of No.of No.of

L) <e o Jooi

'S I_ S
I mm 17 ; | -
Tally u 1111 111 11 111 Mt
Total 2j 4 L— J 2 3 6

You now toss a die 60 times and make a record of
the number of dots on the top face* record your

results in a table such ns the one shown above*

Uso your results of frame 43 to answer the
following questions
(a) How many I*s did you get?

(b) How many 3"» did you get?

(e) Hid you get each outcome about the same

number of times?




45. Toss a die 100 times. Keep a record of your

results in the table below.

No.ofF No.of No.of
i’S 2*5 3*5

Tally

Total

No.of No.of No.of
4*5 5*5 6*5

(a) bid you get each outcome about the same number

of times?

(b) Does your experiment make you think that 1in

the long run you are likely to get each

outcome 1 time in 67

46. In frame 43, you tossed a die 60 times and

recorded your results in a table. Use these

results to draw a graph

60

55

Total 50
number 45
of 40
time8 a 35
face 30
occurred 25
in 60 20
Tosses 15
10

5

0

1 2 3

Number on face
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1st
2nd
3rd
4th
5th
6th
7th
8th
9th
10th
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Toss a die 10 times and record your results

in the following table.

1088
Toss
Toss
Toss
Toss
Toss
Toss
Toss
Toss

Toss

Total

48.

49.

(c)
No.

No. of No.Of No.of No.of No.of =o0.dC Total

No. of

0 E3 EA D E3 i o

From your totals in frame 47 which face of the

die was up the most?

Are any two or more totals the same?

Would you expect that on 10 tosses, each
number would come up at least once?

If we tossed a die 1000 times, could we be sure that
every number would come up at least once?

Yes
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50, If two dice are tossed at the same time each
of the number 1, 2, 3, 5 6 are equally likely
to show up on the top face of the first die
and each of the number 1, 2, 3, 5* 6 are
equally likely to show up on the second die.
We can write the scores on the top faces of two
dice using ordered pairs as follows
(1.1, .2, (@.3), (2.6), etc.

The first number represents a number on the
top face of the first die and the second on
the second die,
(a) List all the possible outcomes in a single
throw of two dice,
(b) How many possible outcomes are there?
Answer:

(1.1), (1,2), (1,5), (1.,4), (1,5) (1,6)
(2,1), (2,2), (2.5), (2,4), (2,5) (2,6)
(5,1), (5,2), (5,5), (5.4), (3,5).(5,6)
(4,1), (4.2), (4,5), (4.4), (4,5).(4,6)
(5,1). (5,2), (5,5), (5.,4), (5,5).,(5,6)
(6,1), (6,2), (6,5), (6,4), (6,5\.,(6,6)

00  36.
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Number

frame 50 is to u«xe a graph*

on

first

die

Answers

51.

245

Number on 2nd die*

Complete this graph*

ISF.

die

O N o O

+U.6)
m<1.5)
=<1.4)
«<l,4)
<1.2)
*m(1*1)

,
@,
@,
@,
@,
@,

6)
5)
4)
3)
2)
D

Thus

(6,

(5-6) (6,6)
(5-5))(6.5)
(5-4) (6,4
(5.3) (6.3)
(5.2) (6,2)
G.1) (6.1

The best way to try and answer the question iIn

6)

No*on
o 2-net
6

die
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B. Tossing a Coin

52. Maria tossed a coin 22 times and recorded
her results In a table below:-
No. of No. of Total No.
heads up tails up of Tosses
Tally W mi ail 111
Total 9 13 22
(a) How many times did she get a head?
(b) How many times did she get a tail?
Are her outcomes equally likely?
(b) How many times did she expect to get a
head? a tail?
53* Toss a coin 100 times, keep a record of the
results in table below:-
No. of No. of Total No.
heads tails of Tosses
Tally
Total
1. Did you expect to get the “heads"™ about

2.
3*
Answers:
52. (@)

53. (i)

half the times?

Did you get 'heads'"™ more

Hid you get about as many "heads"™ as 'tails"?

9 times} 13 times} No. (b) 11 times; 11 tin

Yes.
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$-. If you toss a coin once,

@

How many times would you expect a head

to show . up?

(b) How many times would you expect a tail
to show wp? _
(c) Are these outcomes equally likely?
55- If you toss a coin once, you would expect a
head to come down once and a tail to come down
once. If you toss a coin 10 times
(@ How many times would you expect a head
to come down?
(b) How many times would you expect a tail to
come down?
56. Toss a coin 200 times and keep a record in a

table such as the one shown on frame 52.

@
®
©

@

Answers:

54. (@)
55. (@)
56. (©)

How many times did you get a head?
How many times did you get a tail?
How many times do you expect to get a

head?

How many times do you expect to get a

tail?

once (b) Cnee (c) VYes.
5 times (b) 5 times
100 times (d) 100 times
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57. Hefer to frame 56.

Is the number of times the "heads"™ showed up
when you tossed a coin 200 times closer to the
number of times you would expect '"heads" to

show up when a coin is tossed 200 times?

58. Take two coins, a 10-cent coin and a 5-cent
coin. Toss them together. Hecord your result

in a table below: -

No. of No. of Total No.
heads up tails up of Tosses

10-cent
coin

5-cent
coin

ttepeat this experiment 40 times.

\

(a) How many times do you get two heads?

(b) How many times do you get two tails?

(c) How many times do you get a head and tail?

(d) Jb you think you would get a head and a
tail almost 2 times as you would get 2

heads or 2 tails?

Answers:
57. Yes
58. Yes
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59. When two coins are tossed, a 10-cent piece and
a 5-cont piece, they can fall In one of the
the following ways shown in
the table below*-

Jen-cent piece Klve-cent piece
Head Head

Complete this taole.

60* The table In fraae 59 can be drawn as*
10 - cent piece

H T
H m
piece
T
Complete the table*
Answers*
59.
Head Head
Head Tail
Tail Head
Tail Tail
60.
a T
H ifft 1 HT 1
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61. Toss 3 coins, a 5-cent coin, a 10—-cent coin
and a 50-cent coin. Record your results In a
table below:-\, of No.of Total No.

heads up tails up of Tosses
5-cent coin
LO-cent coin
Hg- )
O-cent coin
How many times do you get
(a) 3 heads
(b) 3 tails
(c) a head and a tail.
62. IT you toss 3 coins they can fall in 8 different
ways. Complete the "table below.
50-cent piece 10-cent piece 5-cent piece
Head Head Head
Head Head Tail
Answers:
62. 50-cent piece 10-cent piece 5-cent piece

Head Head Head
Head Head Tail
Head Tail Head
Head Tail Tail
Tail Head Head
Tail Head Tail
Tail Tail Head

Tail Tail Tail



63*

6A.

63.

6A.

- 251 -

All the outcomes from a toss of three coins can

also be shown In a table such as thist

50-cent coin

H T
5-cent coin HH HHH HHT
and 10-cent HT
coin. TH

TT TTT

Complete this table.

(a) How many times are we likely to get 3 heads?”__

(M 3 tails

(b) How many times are we likely to get two

heads and one tail?

(c) How many times are we likely to get one head

and 2 tails?

IT you toss one coin it can fall iIn one of two
different ways. |If you toss two coins they can
fall in one of fTour different ways. |If you
toss three coins they can fall in one of

different ways.

Complete the above pa ttern and use it to decide

in how many different ways you think four coins

fall.
50—0?P1 con (@ One time; one time
HH H 1 HH"t .
Tiffi  TridT )
¢ T H THT (c) 3 times
is2X2X2 -2 8

4- coins can fall in 16 different ways. That is
2N = 2 X 2 X 2 X 2 = 16.
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65. If we toss 2 coins we may record the outcomes

as is shown in the table belowt-

nH,0T IH,IT OH.2T

HH HT TT

No. of]
outcomes 1

66. Hake a table as the one in frame 65 for 5 tosses

of a coin.
ANswers:
65.
2H,0T IH,IT OH«2T
HH HT TT
TH
No. of
ou-comea 1 2 1
66.
3H,0T 2H,IT IH,2T OH,3T
HHH HHT HTT TTT
HTH THT
i THH TTH
No. of
1 3 3 1

outcomes
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67* Complete the table below for 4 tosses of a

coin.
4H,0T 3H,IT
HHHH HHHT
No. of
outcomes 1
Answert
6719
4H,0T 3H,IT
hhiih HHHT
HHTH
153H
THHH
No. of

Outcomes 1 4

2H.2T

HHTT

2H,2T

HHTT

HTHT

THHT
THTH

TTHH

IH,3T

IH,3T

HTTT

I'THT
TTTH

THTT

OH,4T

TTTT

OHt4T

TTTT
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68. We can organize our results 1ron 65*66

and 67 In a triangular form. This triangle

Complete the row for-the 4th toss.

69- Look at th6 pattern in the triangle on frame
68. Complete the 5th and the 6tb rows (b and
6 tosses of a coin) without making a table.

70. 1 tossed a coin 40 times and counted 18 heads.

Is this less or more than you would have

expected?
Answers:
68. 4th toss: 1 4 6 4 1
4H,0T 3H,IT  2H,2T HiJr OHT3T
69* 5th row: 1 5 10 10 5 1
5H,0T; 4H,IT; 3H,2T; 2H4,3Ti 1H,4T; OH,5T
6th 10w: 1

6 15 20 15 6
$h qi SH,IT; 4H,2T; 3H,3Ts 2H,4T; 1H.5T
i
OH,6T

70. Less than you would expect. You would expect to
get 20 heads when you tossed a coin 40 times*
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Cc* Drawing Marbles

71. Put three marbles, one.red one green and one
yellow, iInto a box you cantsee through, without
looking take out one marble, keep a record of

the colour in this table*

Red Green Yellow

Put the marble back in the box™"mix the marbles
and draw again* Do this 50 times,
(a) Did you get about the same number of

each colour?

(b) What are the outcomes of this activity? _
(c) Did you get each outcome about Yy of the

time?

72* Put three marbles, two white and one blue into the
box* Do as you did in frame 71* Mix, draw, keep a

record and put the marble back In the box*

White Blue

Do this experiment 50 times.

(a) Wh. t are the outcomes of this activity?
(b) Did you get the outcome, blue, about jJ of the time? _
(c) Did you expect to get blue as often as you got white

71. (b) Outcomes of the activity are, Red; Green; Yellow.
72. (a) Outcomes are white and Blue*

(c) No.



73* Put six marbles in a box. Three marbles are
red, two are blue and one is green, Without
looking, take out one marble. Keep a record

of the colour in this table.

Bed Blue Green

What are the outcomes of this activity?

74-. Suppose the experiment in frame 73 was repeated
100 times, about how many times would you

expect to draw out a red marble? _.

73* Kamau and Omungu, each has one white and one
green marble, Kamau picks one of his marbles
without looking and then Omungu picks one of
his, also without looking. The four possible
outcomes are listed in the table on tine next page
complete the table on the right to show the

outcomes In a shorter way.

Answers:

73* Outcomes are Bed, Blue and Green.

74. About 50 times.
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75* Kamau"s Omungu”s Kamau®s Omungu”s
Marble Marble
White White
White Green
Green White
Green Green
76, There are two bags in Okiya"s house. In the first
bag, there are two marbles, Red and Blue. In the
second bag, there are again two marbles, Red and
blue.
Sometimes we can use a table such as the one shown
below to help find bhe possible outcomes.
Red Blue
First Red Red, Red
Bag.- Blue Blue,Red
Complete the table.
How many possible outcomes are there?
Answers:
Kamau®s Omungu*s
75. marble marble
W \Y
W G
G \Y4
G G
Second Bag
Red 1iBlue
First Red Red,Redl Red,Blue
Bag.

Blue Blue,Red] Blue,Blue

There are four possible outcomes



77 .

X3

In the table In .frame 76 the left side shows
the colour of the marble taken from the first
bag* This colour is. .shown first in the row*

The top OF the table shows the colour from

the bag.-

Okiya now has three bags iIn his house* In the
first bag, there are one red and one blue
marbles; i1n the second bag, there are one red
and one blue marbles and the third bag contains
one red and one blue marbles*

How many outcomes are there for the three bags?

Answers:

77 .

78*

Second Bag*

Eight outcomes for the three bags*
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79* The outcomes iIn frame 78 can be put in a table
such as the one below* The outcomes for the two
bags are on the left* The top of the table shows
the outcome from the third bag* Complete this

table*
Qutcomes from the third bag*

B? Note: red marble drawn
*1V ? from bag 1; B~-blue marble
*1 B2 from bag 1. H”-red marble
first from bag 2; B~-blue marble
W i
and from bag 2; R”™-red marble
Second BlE from bag 3} 3”-blue marble
bags. from bag 3.
79. Outcome from the third bag
*3 *>
Outcome R R R R 3
12 W 12 3
from
R B R BR R B *
1st and
12 12 3 123 r*
2nd bags R B
vz al 2 3

B1B2 BITRH3 Bl B2 B3
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0o1*

30*

81*
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Bach tine we add a bag, we double (multiply
by 2) the number of outcomes. Fpr instance,
with one bag there were 2 outconea (ted*
dine) | with 2 bags there were 4 outcomea
(Had; Hedf Bed; Blue; Blue; lied; Blue; Blue)
and with 3 ba. S, there are _ outcon,;s.

List these outcomes. &-n .JiB HBri ?iij,

The number of outcomes increases by powers of

2* The number of outcomes for one bag is 2«

2
The number of outcomes for two bags is 2

- 2 X2 - 4.

Tbs number of out comes for 3 bora is [

8 outcomes.

fiB S« B EB] HBR* HBB, BHBYV

3HB ,BBK, BBB,

25 - 2 x 2 x 2 - 8.
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82.

83.

82,

83.
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Spinning, the Pointer of a Spinner,

On the left is a picture of a
spinner. It is divided into two
equal parts. One part is red,

the other part is blue.

IT you spin the pointer of this

spinner 100 times

(&) How many times is it likely to
stop on red?

(b) How many times 1is it likely to

stop on blue?

IT you were to play a game with the spinner in
frame 82, you would win if the pointer stopped
on red, your friend would win If the pointer

stopped on blue.

Write T if you think the statement below iIs true.

If it is false, write F.

(a) I would be more likely to win the game since
the pointer would stop on red most of the

time

(b) My friend would win most of the time

(c) Both of us would have equal chances to win
this game since the pointer would stop on
red about the same number of times it would

stop on blue.

(@ 50 times (b) 50 times.

@ F 0>) F ) To
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84. Spin the pointer of the spinner shivra in frame
82, 20 times. Keep a record of your results

in a table below*-

Mo* of times No.of times
pointer stops it stops on
on red. blue.

(@) How many times does the pointer stop

on red?

(b) How many times does the pointer stop
on blue?

(c) \Would you expect the pointer to stop on
red the same number of times as it

would stop on blue?

85. About how many time would you expect the pointer
of frame 82 to stop on red if you spun the

pointer 400 times?

84. (c) Yes

g85. About 200 times
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86. The pointer on the left is divided
into two sections. The red section
is £ of the whole and the blue
section i1s K of the whole. Spin
the pointer of this spinner 20
times and keep a record of your

results in a table below.

No. of times No.ofF times
pointer stops pointer stops
on red on blue

87. Kefer to frame 86.

(a) how many tines did the pointer stop on red?
(b) How many times did the pointer stop on blue?
(c) 1Is the pointer equally likely to stop on

red as on blue?

88. About how many times would you expect the pointer
to stop on blue if the pointer of the spinner in

frame 86 were spun 400 times

82. (c) No.

88. About 300 times
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The spinner on the left i1s divided

into 3 equal parts* Each part is

1 of the whole*
t)

Spin the pointer of this spinner
20 times and keep track of the

outcomes in a table such as this*

No. of times No.of times No.of times
pointer fTalls pointer falls pointer Tfalls
on blue on red on yellow

90. Refer to frame 89.
(a) How many times did the pointer stopfin red?
X on blue?

(b) 1Is each of these colours equally likely?

91. IT you were to spin the pointer of the spinner in
frame 89 900 times, about how many times would

you expect it to fall on?

(a) Red?

(b) Blue?
(c) Yellow?

90. (b) Yes.

91. 300 times; 300 times; 300 times.
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The spinner on the left is

divided into six equal parts.

Maua spun the pointer of this
spinner 20 times and kept a
record of her results in a

table such as this:

No.of No.of No.of No.of No.of No.of

times times times times times times

pointer pointer pointer pointer pointer pointei

stops on 1 steps on 2 stops on 3 stops on 4 stops on stops

5 on 6
Tally 1111 1 11 111
Mr m

Total c S’ / 3 5

(a) How many times did her pointer stop on 1?
(b) How many times did It stop on 27
(c) How many times did it stop on 37?

(d) How many times did it stop cn 4?

(e) How many times did it stop on 57

(f) How many times did it stop on 67

93. Hefer to frame 92.

(a) Is each of the numbers equally likely?

(b) If Haua spun the pointer of the spinner 600 times,
about how many times would she expect it to stop
on 47?

92. (@) 4 times (b) 5 times (c) 1 time
£d) 2 times (e) 3 times () 5 times.

93. (a) les (b) About 100 times
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94. This tetrahedron has one of its
faces coloured red, one blue, another
yellow, and the last green.

Toss the tetrahedron 20 tines and note
the face tb t is down. Keep track of

the outcomes in a table ouch as this*

Bad Blue Green Yellow

Tally

Total

How nany tines did the tetrahedron fall

on Bed? Blue ? -

Green ? Yellow? - -

95« (i) Add the nunber of tines it fell on red
and on Blue _~
(iij Add the number of tines it fall on
- green and yellow
(ill) 1Is each of thej# sums about % of the total

nuaber of tosjes, or about £ of the total

noaber of tossesf About
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96. IT you were to throw the tetrahedron in frame
94 1,000 times, about how many times would you
expect it to fall on red?
Look at this 3-sided spinner
which is divided into 3 equal
parts. 1T you spin it 42 times,
how many times would you expect
it to fall on the black edge?
black edge
98. IT after 60 spins of the spinner in frame 97 you
had recorded 23 times for the red edge, would
this be less or more than you would expect?
99» your girls, Maua, Betty, Carro and Anyango, each
used the spinner shown on the right.
ANSWERS
96. About 230 times.
97- 14 times
98. More.
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99* They drew a bar graph shown below.

No.of Blues in 50 spins

Maua 10 21 20
Betty
Carro (SN mmoprem -
23 _
Anyango o s
Total

0 20 40 60 80

Number of Blues in 200 spins.

(a) Who had the smallest number of blues in 50 spins?

(b) Who had the largest number of blues in 50 spins?

100. Refer to frame 99*
(a) How many reds did Betty get in 50 spins?
(b) Which of these fractions tells about how much

of the dial i1s blue?

* *
3

99. (s) Anyango
0>) Carro.

100. (a) 40 reds

®
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101. Nefer to frame 99*

(a) Did any girl get 25 or more blue?
(b) How many times in all was the spinner

spun by the girls?

102. (a) How many of the spins ended on blue?
is this About the number of blues you

would expect on 200 spins?

Look at these spinners. You can use fractions
to compare the chances of different results.

Complete the following.

# of dial red means 1 chance in 2 means chance of
red m )4

> dial blue means chance iIn 2 means chance of blue-

101. (@) No girl got 25 or more blues in 50 spins,
(b) 200 times.

102 . 48 -
No. Ve would expect about 50 spins.

103. 1 chance ir 2 means chance of blue =



104. Look at the spinner™ In frame 103*

(i) - of dial means 1 chance 1in

means chance of red e~

. 1 of dial blue means chance i1in 3
armn) 3

chance of blue =

Giii) of dial yellow means # chance 1iIn

means chance of yellow

-k

103* Again look at the spinners in frame 103*

©O) % of dial red means chance 1n

means chance of red -

(ii) K of dial blue means chances in

4 means chance of blue =

106. liefer to frame 103*

(i) All of dial red means red is certain means

chance of red *

an of dial red moans red is impossible

means chance or red =

1 chance

) in 3 means chance of red - *
) 1 chance
i

in 3 means chance of blue e

105 3 chances in 4.
chance of red - I

106. (i) Chance of red - 1 (ii) None.
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Ateka was told that she would get Shs.20/-
if she could get one of the following

outcomes: -

1* Blue on a spinner whose dial is )4red and

K blue*

2. A 2 on one toss of a die.

Which one would she choose?

She would choose blue on a spinner whose dial
is red and ftblue, because she would have

half the chance of getting Shs. 20/«.

IT she chose a 2 on one toss of a die, she

would have only — chance of getting the
6

Shs.20/-.
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Answers:

1.
2
3.
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SSLF-TEST 2

Awinja spins the pointer of a spinner 100 times

and gets 35 reds.

Which of the following

is most likely to be true?

spinner is all red.
spinner is one-half- blue.
spinner is one-eigth red.

spinner is one-third red.

spins the pointer of a spinner 100 times

statement

(a) The dial of the
(b) The dial of the
(c) The dial of the
(d) The dial of the
Omutsimi

and gets

25 red, 25 blue and 50 yellow. Which

of the following statements cannot be true?

@
®)
©
@

The

The

The

The

dial of the

dial of the

dial of the

dial of the

A spinner has a dial

spinner is one-fourth yellow.
spinner is One-third green.
spinner is one-fourth blue.

spinner is all red.

that i1s one-third red,

one-half white, and one-sixth blue.

Which of the following cannot result from exactly

100 spins.

(@ 30 reds, 50whites and20 blues.
(b) 40 reds, 40whites and 20 blues.
(c) 50 reds, 5whites and10 blues.
(d) 60 reds, 40whites andO blues.%
(d) The dial of the spinner is j red.
@, (b); (©).

(b): ©), ().
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Tou wish to get exactly 5 reds and 5 blues in
15 spins. Which of the following dials could
not give this result?

(a) One-half red and one-half blue.

(b) One-third red,one-third blue and one-third

yellow.

(c) One—fourth red. one-fourth blue and one-half

yellow.

(d) One-Tifth red, two-fifths blue and twcr fifths yellow

In which of the following is the chance of red

equal to £7?

(a) One chance i1n two of red.
(b) Two chances in four of red.
(c) One chance i1n five of red.

(d) Two chances in eight of red.

Which of the following spinners is likely to give

about the same number of" reds and yellows?

(a) One-half red, one-fourth yellow, one-fourth blue.

(b) One-third red, two-thirds yellow.

(c) One-third red, one-third yellow, one-third blue.

(d) Four-fifths yellow, one-fifth red.

@:; ) (.
(@
(©).
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IT the dial of a spinner is all red, we say the
chance of red is equal to:

(a) any other chance.

(b) one chance in two.

(c) one-half.

(d) one.

IT the dial of a spinner is all blue, we say the

chance of red is equal to:

(a) one
(b) zero
(c) one chance iIn one

(d) one-half.

The dial of spinner is one-third red, one-third

yellow, and one-third blue. Which of the following

statements are true?

(a) Red, yellow, and blue are equally likely
to occur.

(b) The chance of getting red is equal to j.

(c) One spin must result iIn either red or

yellow or blue.

(d) The chance of getting green is equal to zero.

(M
@] ®:  (©-
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11.

10.

11.
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IT the chance of red on a spinner is equal to
zero, which of the following statements could

be true?

(a) The dial is all red.

(b) The dial is all blue.

(c) The dial has at least two colours.

(d) The dial has at least three colours.

The spinner shown on the left in divined into two
equal parts. One part is painted
red, the other part is painted

blue. Tabu spins this spinner twice.

Complete the table below to

show the possible outcomes.

Second Spin
Red Blue

First Bed

spin.
®); ©).

Second Spin

Red Blue

First Red Red,Red Red,Blue
Spin.

Blue Blue,Red Blue,Blue
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12. A coin is tossed once and the spinner shown
below is spun once* Complete the table below
to show all the possible outcomes. The dial
of the spinner is divided into three equal

parts.

(a) How many possible outcomes are there?

(b) How many of these outcomes give a head

and red?
12. SplLnner
R B Y
H HR HB HY
Coin
T TR B TT

(a) There are 6 possible outcome”

(b) One outcome givefa red and a head.
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13. The dial of the spinner shown on
the left is divided into four
equal regions. The pointer of

this spinner Is spun twice.

Complete the table below to show

all the possible outcomes.
Second Spin

First
Spin
What is the total number of outcomes?
Second Spin
13.
1 2 3 4
1 1.1 1.2 1.3 1,4
First 2 2.1 2,2 2.3 2.4
Spin 3 3.1 3,2 3,3 3,4 __
4 4,1 m 4.2 | \xx, -4*4

There are 16 outcomes.



14. Toss three coins together. Fill in the

tables below to show all possible outcomes.

Second Coin Third Coin
H T H T
First H First mJUT™
Coin T and HT
Second TH
Coins lal

(a) What is the total number of outcomes when

three coins are tossed?

(b) How many of these outcomes include three

heads?

(c) How many of these outcomes include two

heads and one tail?

Second Coin Third Coin
14. H H y -
HoHR T First  HH  HHH HHT
Coin T TH TT and HT M- HTT
Second TH THH THT
Coin 1T TTH TIT

(@) There are 8 outcomes when 3 coins are tossed.
(b) One outcome iIncludes 3 heads.

(c) 3 outcomes includes 2 heads and 1 tail.
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15* Complete this table to show all the possible
outcomes for two tosses of a coin*

2H.OT 14 17 OH.2T

HH HT TT
TH
No* of
Outcomes 1 2 1

16* Complete the table for 3 tosses of a coin*

3H.OT 2H.AT 1H.2T OH.3T

HHH KHT
No. of
Outcomes 3 3 1
2H.O0T 1H.1T OH,2T
15.
Bl HT TT
TH
No. OF
Outcomes 1 2 1
3H,ot 2HtIT 1H,2T OH,3T
HHH HK TTT
HTH THT
TKH TTH
ho* of

Outcomes 1 3 3 1
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JACTIOH 111 - Pindinn Probabilities

Introduction*-

When vo talk about the probability of a
particular outcoao, we toll how likely it is that
the outcoa» iIs the one we get. We use a nunbor that
tells what port of the total outcomea we expect a
particular one to happen* This scans that probabili-

ties can be written as fractions*

108* When tossing one diuv wo have six outcaaes*

Wo write the 6 under tho bar of a fractions

s
Getting the outcose 3 is just B likely as any

others* so we expect i1t about ~ of the tine*
6

We say* "The probability of 3 is *

wo write P(3) =

109* 1In the experiment* "Tossing a coiln once"* there
are 2 outcones. Jince the outcoaea are equally
likely* we can say that

P(he.ids) = j
£

P(toils) -

110* hornetinog wo give probabilities for things that
can"t possibly ha pen. In tossing one die*
there is no chance at all of getting the

outcoae "7".

Answers*
ice. £ e <p<» -1

109. PCheads) - # P(tails) - H
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The number of tinea you would get 7 in tossing

one die 1is . We could write P(7) m ~

or P(7) - .,

111* We can also give a probability Tor a "sure thing*"
(That i1s, a thing which nuat happen)* If we ask,
"What is the probability of getting a number
leas than seven when we toss one die?" There are
six ways to get a number less than seven* All
six of the six outcomes are less than 7* so we
write: P(humber less than 7) = - *
112* In the experiment, "Tossing one die", what is the
probability of the outcome 5? PC5) * =«
b) What i1s P(2) -

P(1) - aP@)-_  ;P®) -__ .

113* In the experiment, "Sensing Jvo -ief, there

are _ _  outcomes* Since these outcomes are

equally likely, we can say

1) P(S3) -
ii) PC6.6) «
iii) PC7.D -
Ana, .erst
no* 0; ©Pc7) -1 5 *@>-0
M . P(number less than 7) < g * 1*
112. PG> -h P@) -£ ;P . £ LPW -1i 5
HE) - * - °
6
113. 36 outcomes* (i) P({4,3,)« t (ii) P(6,6)«

Ciinl) 1(7.1D - - 0.
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114.
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- 282 -

la the experiment oX drawing marbles Of fraae 71,
you used one red, one green, end one yellow Barbie*
oince drawing e rod Barbie is one of the three

equally likely outcomes, we can say,

F(red) m P(blue) -
P(green) -« P(yellow) - 111 »
P(not blue) -

In the experiment, "Tossing Two nice", find the
probability of the first die showing 3 and the
second die showing s 51 that is, find

K 3.5).
P<3,5) -

P(red) -~ j P(bluo) - £
P(green) - ~ ; P<yellow) » ~

P(not blue) -~ m 1*

P(3,5> - £
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116. If we to s two dice, we can show all the possible
subs 0of the dote on the two dice in a table such
as the one below.

Rubber on Jecond Die

1 2 3 % 5 6 1
Ho. on 1 2 3 *
First 2
Die 3 i 5
4 8
5 10
6 | 12 1

Complete the table to show all the possible

sums of the dots on two dice.

117* One way to get a sub of 7 is to get a 1 on the
first die and a 6 on the second die. We write
this as (1,6). There are five sore ways to get

a sun of 7. These are (, ), (,)*(,),

(). C.)e

116. Number on second Die
1 2 3 4 5 6

No. on ;I 2 3 4 5 $ zZ
Mrst 2 g 5 ) 7k 6-
_ 7 4 5 6 /I 8 L9

Die 4 § 6 7 8 9 1°

5 6 7 8 9 Iff _qq

L6 -,_ a J L rJL-Liftd,

117- (2,5)- (B,4), (4.3), (5,2), (6,1).
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®
119. (@
®
120 (@
an
121* (D
(D))
118. (a)
®
119. m
®
120. (1)
@an
121. ()
(D))
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How many entries are there in the table?
How nany po uible entries are there when

you toss two dice?

Of the entries In the table of frame 116,
how many are 6°s?
What i1s the probability of getting a sum
of 6 when two dice are tossed?

How nany of the entries in the table of frame
116 are odd numbers?

What is the probability of getting the sum
that 1s ar odd nunb<r?

How nany of the suns iIn the table of frame
116 are either 5 or 97 _
What is the probability that the sun will be

either 5 or 9~

36 entries
36 possible entries.

5

P(aum -6 - N
C ) 6

18 Odd nuabers
P(sun 1s odd number)

8

P(sun either 3 0or9 .jL. - 2
36 9
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122. Refer to fnuM 116 to aCJer the following.
a) , 1(hun - 3) =
b) . P(sun « 8) =
0). P(sun = 12)m
d. P@un = ?2) = —
a). P(oub = ID- _

123. Refer tO frame 116 to answer the following.
a) - P(sub = 2 or aw - 12) =

b . F(hun - 6 or etma - 8) »

e). P(mm - 5 o0r sun - 9) “

d. P(sun -~7) -

). P(sun 7 9) -

In the spinner on the left, there
are equally likely outcomes

(1) P(red)
(ii) P(white) -
(iii) P(yellow) -

122. (@ P(aua *;3)-N -
(b) P(sua - 8)-7
(c) P(SUB -12)«n

(d) p(sun - 2)- ~ (e P(sun = 11)
36

123. (@ P(sun- 2 or nun - 12) - ~
() P(sua)- 6 or sun - 8) -
(c) P(sun-5o0r sun9 » 8 -~

(d) P(sun *7) - * * '<e>  Ksun j
36 6
124. 2 equally likely Outcones.

(i) P(roa) - # (ii) pP(white - # P(yellow - & * °*
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125.
126.

127.
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lota played some games at the ~beginning. You
here asked to decide whether or not the gomes
were fTair* You found that some gases were Tair
ctnd Soso were not* You saw that the gone was fair
if your winning outcome was Just as likely as

the othur play .rfex i (you win) m PC )?

In the game* Toss one die”, the rule tass-
"You via if 1 is up, the other player vine if
3 is up*" iiince PCD "™ ~ and PC3) »

say that the game* was ° * -—ach one of you

had an equal chance of winning*

In the gone of frame 126, how many outcomea out
of the 6 let neither of you win?

P(no one wins) -

PCyou win) » iCother player wins)
Hi) - £ ; Fair*
4 outcoaoa

P(no one wins) = — =

6 " 3
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128* In another gare, toe rule was* "You win If
an oocT nubi.r la up; the other player wins
IT an even number is up*' To Find whether Or
not you and jour friend had equal chances to
win, you found out how nany of the outcCoOnes
were odd and how nany were even*
a) How nany outconoa out of the 6 are odd?
b) How nany outcones are even?
c) PCodd) m m
d) P(even -©’\

129* The rule for one game uciaf one die Ist 'You win
iIT 3 1s up; the other player wine 1If a number
greater than 3 is up™' (Bee frame 19)=
s) Pl =
b) Which outcomes are greater than 3?
0) P(outcome greater than 3) =

130* In frame 129* who has a better chance to win

you or the other player?

Answers!

128* (a) 3 outcomes are odd*
(b) 3 outcomes are even*
Co) P(odd) - £ - H

Cd) P(even) - N e #
129. (=) PC3) - \

(b) 4, 5* 6.
(e) P(outcome greater than 3) - ~

130 The other player*
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132*

133*

Answersi

131.

132.

133.

23

for tbe gaaev loos one die* coll the Hecult 1
IfT 1 shows up; call the itesult 2 if either 2
or 4 shows up; cell the Hesuit 3 if 3t S or
6 IS up.

(a) P(Result 1) - .

(b) Hoe aany outcomes give Result 2?

(c) F(Result 2) m —

(a) *0J cary outconea give result 3?

(b) POtoaalt 3) =

«rite U If you are store likely to win and H if
the other player is nore likelylto win for

each rule. rite £ if both are equally likely

to win.

a) You win on Kenult 3* he wins on enult 1_

b) You win on itesult 3« He wins on any
Result less than 3« .

e) You win on an even-nunbtrod result and ho

wins otherwise.

(a) p(Bosult I; - £

(b) 2 ouccones give Result 2.

(c) i(ne»rult 2) - 7 N

(a) 3 outcomes give result 3*

(b) P(Hecult 3) - £ - $

() L (b) £ (*) H.



289

134 . When you tons a green die and a Wi-..
together, how many outcon.-s are there? -

Whut is the probability of any of theue outcomes?___

13% Hafer to frame 134%*
The rule i1s* "You win if 1 1s on each die; the

ether player wins if 5 Is on each die*"

(a) For how many outcomes do you win? -

(b) PCI on each die) =

136* (a) Por how many outcomes does the other player
win? .
(b) P( <m otica die) m _

(0) For how mmj outcomes does nobody win?

C&) 1 (no on*i wins) <%

Answers*

130. 3b outcomeh
PCany of the outcomes) -

133. (@) Z win for one outcome* That ia, X win If
1 have (1*1)*

(b) P(1 on each die) =

136. (@) Tho other player wins for One outc
(b) P( on each die) = 7~
(e) Ilo one wins for 34 outcomes

(d) P(no one wins) - N N
36 16
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137. The rule is: "You win If there iIs an even
nuuber on the white die} the othor player wins
otherwise*"

(a) Does i1t natter what the outcone on the
green dio iaV
(b P(evea) - -

(o) PCodd,) -

Cd) r(no one wins) « -

(e) P(both win) =

138. Thu mile is* "Tou win 1If 6 is on the white
diev und the ocher player wins it 4 is on the
green die*"

(a) P(6 on white) = ,

(b) P({4 on green) -

139* In fraae 138, can you get 6 on the white die and
4 on the green die at the sane tine?

P(x*fch win) m

P(no one wins) -

>newer>1
137. U) No
(b P(even) - ~
(©® FPCodd) - - *
Cd) PCno one wins) - 7 -0

Ce) P(both win) « 0
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140. -he rulo is: "You win ill Tu on 1 ch diet
the othor player wins if 1 is on one die and

2 1s on the other die*"

a) 1(you win) =

b) 10r how nany outcomes ciooe the other
player win?

e) P(other wins) =

141. In frane 140,
a) who h s a better change to win, you or
the other player™

b) £(both win) =

c) 1i(no one wins) »

ivnswerst
140. (o) P(you win) = ~

(b) Other player wins on 2 outcomes.

(c) i(other wins) = -jg m ~
141. (a) Other piayor.
(b) i(both win) = * 0.

(c) 1i(no one wins) « " n -
36 12
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10*

"You win If tho nunbor on the

white die 10 greater than the nucber on the

green dioj tho other player wins otherwise."

(1) PCyou win) -

(i1) TCothcr wins;

ot cruise" ic
number on the

number on the

b) With this

one dio and 2

pair would bo

I*»a t".is

and

P(no one wins;

i (both win ) »

P(no

white die 1is

pyeon die."

one wins) e

on the other™.

Hie pert of the rule w"dchasys,

"Ho wins

now changed to '"He wins

ohnnf et 1(other wins) -

In frane 140, you found the probability of 1

oithi r (1,2) or (2,1).

if the

Itos thfiD the

change your chance to win?

Y<u found that the

You

probably counted those outcoaee and found 2 out

of 36 outcoaeo,

142.
(Giii)
iv)
143.
a)
144 .
Aasworni
142. (i)
aim
(iii)
143. (a)
©
144 .

Probability ~

I (you win; =

F(oth-r vine)

N

P(no one wins)

No.

(®)

c\m

:(other wins) m 2

1 (no one wins) %%

or

0

so the probability is

av)

i (both win)

36 12

on

0
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14% Sometimes you cannot find the probability of
either this event or that event by cotinting.
Look at this spinner. Th re are 2 outcomes
Just as there ore 2 outcomes
for the spinner in frame 82.
The spinnor in frame 82 has
two equally likely outcomes.

So P(white) - F(red) -

146. The spinner in frame 145 has two outcomes* but
these Outcomes are not equally likely. 1T the
spinner is honest (if the pointer does not
stop on s line each .time it Is spun).

We would expect the pointer to stop on red about

one out of four times* so P(red) m % and P(whits)*_ .

147. O looking at the apinnor of frame 145 you know
that i1t is certain the outcome will be either
white or red. so P(eithor white or red) =

P(rod) ¢ P(white) * % o — e _

Answers*

145. P(white) - P(red) - )i
146. H white) - %

147. 1
P(red) ¢ P(white) =
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148 This spinner is H white, K red,
i. blue and ™ vyellow.
8 8
s A\ A 1 (a) Are these outcoses equally
likely?
N
my (b) P(whito) - #, P(blue* -
P(yellow) < i P(rod) =
149_. To find the probability of either; white blue,

we add P(white) and F(blue).

P(either white or blue) - H N
so P(either white or blue) - £ o
P(either white or bluo) - 4 o1

P(either white or blue) = -

150. To find P(either bluo or yellow) we add
K *(blue) and P(ye low):

P(either bluo or yellow) - -

151. To Ffind P(either rod or blue), we add
p(red) and P(blue)

.« P(either red or blue) -

Answers
148. (s) Ho. (b) P(blue) = ~
P(yellow) = ; 1 (red) my,
149. P(eithor white or blue)
P(white) & P(bluo) m % ¢ * - * ¢ § - * »
130. iTeithcr blue or yellow) < PLblue) o P(yellow)
& * g - * " kg

151« ~(either rod or bluo) » 1 (red) ¢ P(blue)
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153*

134.

Answers*

152.

153.
134.

295 -

You can"t always find either — or probabilities
mMinn, Look at the spinnor bolow. It
is divided into six equal partst

all the sane size. P(red) -

P(I> m T S/ R —— -

You can see that 3 of the 6 parts of the spinner

are neither red nor 1. iio iXoittaor red or 1) t .

Count the parts of the spinner that are red ,
Count the parts of the spinner that have 1 _
Put an % on each part of the spinnor that is

either red or 1* How many X"s do you have? ,

P<rwl) - | or ~ | P() *~ or”"

w t
You can*t Just add P(red) and P(l) to find

PCeithor red or 1) because one section has both
red and 1.

P(either red or 1) - * * * « |

2 parts are red.
2 parts have 1.

1 part of the spinner is either red or 1.
There 1Is one X«



155. You can find F(either red or 1) by adding the
probabilities of each one and then subtracting
the probability of that part of tho spinner

has a 1 ana is red
thetAP(either red or 1) - 1"(red) ¢ 1I'(1) - ~(red and 1

155* P(either rod or 1) P(red) ¢ PCD - P(red and 1)
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156. Look at the apian* r on the
loft. 1t is divi led into 12

parts, all the can.. size.

(a) which outcomes are odd?

T(odd) -

(b) Which outcomes sre prime-"?
P(prime) =
(c) Which outcomco are both odd

and prime?

157. C») what is the probability of -ottin® eit er

3 or 5 or 7 or 1172

Answt.ro:

156. (a) Gad outcomes f.re 1, 3* 5. 7* 9* 11*

P(odd) - yj m ft

(b) Primo outcomes are 2, 3* 5t 7* 11.

i (prime) = -
12

(c) Outcomes that are both odd and primo are

3* 5, 7, 11.

157. (@) Keithor 3 or 5 or 7 or 11)
- P(3) ¢ K5) & P(7) o P(ID

«JL ¢ -L. JL. = 1 - JL
12 12 12 12 12



157 (b) Plodd) ¢ P(prloe) - P(either 3 op 5 or 7 or 11)

P(odd) & P(priae) - J(either 3 or 5 or 7 op 11)

JL1

So P(eitht.r odd or pri&o) =

Check /Zour nacwer by counting.

158. Whan tcv sod, there nro 2 outconec, head or
tall* The probability of o head showing up ia #
and the probability of a tail showing up 1a also
He

Suppose you to™~>a two colna, say a 10 cent piece
and a 3 cent piece do you think the probability

of both heado showing up will be Til —————— -

159 1« « table TOr to.u.ID6 two oo0iaa. Be. fraae 60.
N"O-rent tlecft.

H HH _
piece
* 4 P(ejther 3or 5*7 or
157. (b) F(odd) & Hprioe) - rreicnu
%
e Jk o -
1 12 12 12

156. Bo.



139. (a) Complete the table*
(b) Since therm arm Tour outcome,

likely,

299

outcomes 1is

So

but ?(1 head, 1 tail) =

1(a)- Here 1is a tabic Tor tossing 3 coins*
1H
5 cent ccic HH [40]
and 10 cent 1 HT
coin. T
i T2
(a) Complete the table*
(b) Since there are
outcomes is -
Answers!
159.
-
5 cent .
) R
iece
P ft*
p(both heads)
P(1 head, 1 tail) - *
4
160.

P (both tails;

5Q-CFiflE PiSPSL

P(both heads ) *

outcomes,

all equally

the probability lor any one of the

e frame G3*

all equally

likely, the probability of any one of the

10-ccnt piece

50 con

5 cent coin HH

and 10 HT
cent coin. TH” THE
8 outcomes T

P(any one out_

outcome) = 1

m 7 and F(both tails)

TTH J TTT

*
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161. In %% 1GO. Find.

(a) P(3 heads) -
(b) P(3 tails) -
(c) P(2 heads. 1 tail) -

(d) P head. 2 taila) «

162. Two white marbles and two green marbles are
put into a box. |If yon take out one Barbie
without looking, what is the probability
that It is white? _

(b) I1f you bake out 2 narblos, do you think
the probability that they will both he

white is still

163. Ve can think of the problea in frame 162 like
thisi Uhuru and -onto, each draw one of the
marbles. The possible oOatcones are shown in

a table below.
Uhuruls draws

White Green !
Jwhite VW WG I
IGreen GW GG___J

Fonto*s
draws

Answers!

161. (a) P(3 heads) = jt
(b) P(3 taut) - | -
CC) P(2 heads. 1 tail) « 8

(d) P(@ head, 2 tails) - ~

162. () P(white) = § = #
(b) So.



16J.

16a.

165.

Anewexai

163.

164.

163.

- 1

Uburu may get a white Barbie* and -onto nay
get any of the three others.

How nany oatconea are there?

Are these outcomes equally likely? _ ..
VC and GW are two different outconos.

Uhoru can draw white and Ponto can draw groan*
or ionto can draw white and Uhnru can draw greem.
Hat there in only one way they can draw white
nnti there is only one way they can draw croon.
P(WW) « t PCOG).
P(WG) - KGW) -

A bag contains several Barbies. Hobo are red*
ooee white* and the rett blue. If you pick one
Barbie without looking* the probability of red
is ~ and the probability of white is nolo 4.

3»
What is the probability of blue? —

Share are 4 outcomes.

Tea. Tho outcomes are equally likely.
Kwv) - *]| HOG) - *

P(WG) < K] P(GW) - H.

The probability of blue 1s ~



P

166* A bag contain*) one rod narble, two white narbloa,
npri throe bine aj.rblos« If yon pick one narble
without looking, what is the probability that

it will be red?

~m-1 —-.__. e e e e 1

167, In frtuae 166, Find
(a) The probability that the Barbie drawn will
wiU be white?
(b) Kaarblo blue) -
Co) How sany white nnrblcs mint we add to the
bag to nake the probability of white

equal to 551 _

168* Use the table of frane Tj to find the probability
that
(a) Kenan picks a white warble
(b) Unungn picks a white narble

(c) Both Kanau and Ocnmgu pick white aarblea

Ansnerst
166. P(red) = £

167. (@) 1(white narble) = ~ n
(b) P(aarble blue) N

(e) We oust add 2 white narbles to the bag to
sake the probability of white equal to

168. (a) PUlasmu picks white narble) - H
(b) P(Onungu picks white narble) =« J

(o) PCboth pick white Barbies) *



169* Hefer to frame 75- Find.
(a) 1i1(both Kanau and Onungu pick green
marbles)

(b) P(the boys pick a marble of the sane
colour)

170* SoMtlIBN tree diatraaa are used to show possible
outcornea of an experiment and hence to calculate
probabilities of these outcomes. When a coin
ie to sed onco, we get two outcomes, a hood and
a tail. We can represent these outcomes by a

"tree" as followes

Answersi

169. (a) a(both Kanau and Onungu pick groan

m&rblos) - %

(b) 1(the boys pick a marble of the same

colour) « Ji

170. Ho answer is required for this frame.



1712. Jill in the tree diapron and the table to show

the outcomes when two coins are tooted.

List all the possible outconea when 2 coins are
tossed. - dl « -» —_——« —-

rhe table of" the ri*ht should help you to read

the tree diagram.

Answers

Outconea when 2 coins are tossed are

HH, HT, HI, TT.

The tree dloprea is read fro® loft to richt and
froo top to bottom. For example on the top
branch we have QH and 11T. On the botton

branch we have TH and TT»
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172. Fill in the tree diagram to show all the

outcomes whan three coins are toused.

First w>ocond Third

(a) What is the total mraber of outcomes when

three coins are toaaed?

(b) How cany of these outcomes include

3 heads? o
Sawn
First Jecoad Third
coin Coin coin

(b) One outoono includes three heads.



173.

1?b.

173*

Answers!

173.

(a) Pro* the tree diagram of fraa®© 172, find
the probability of getting 3 beads.
(b) What 1a P(2 heads, 1 taU)?

Cc) What is i (not 3 heads)?

dolor to frane 172, to find
(a) P(no heads) =
G 1(ho tails) -

(o) P(at least 1 head) = _

Pill in the following tree dia -ran for the marbles

of franc 75.

(«0 P(3 headS) » I
(0 PQ he&ds, 1 tail) »~
(c) P(hot 3 beads) - ~

(®) P(no heads) -
() P(o tails) = ~
(c) P&t least 1 head) =
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175. Tbs possible outcomes are re.-d from the
tree, going from left to right.

List these outcomes . .

Vhst is tho probability of getting a white

marble from each boy?

ITS, Refer to frame 175 to find

(a) The probability of getting both a white

marble and a gree marble P(WG) -

® POYH -__ .

Answers i
175.
Outcomes are white* white* __hito; green green*
white* green* white; groan, green*
P(WV) . *
176 = (FO-10) - *

HOV) -



The probabilities for ouch colour aroi

Hod Blue }fellow roon

Probability h I % 1 o* .
m:Un&jied
1 TObabllltls. S — 1?2 —L.e JE

(&a) Fill la the nunsratora of the "ren&ncd
probabilities!” in the table above*
(b) Write -"(yellow or blue) aa an addition problem

Kyellow or blue) « .

(e) Write F(groen or. rod) as an addition problem

F(gruen or red) = - -—

Ud
I —ed j Blue jfollow !Green
Probability 1 o *
1
aeii/v™od £
Probabilities* i} I
- - «L» 1 u
Cb) r(yellow or blue) <« 1(yellow) ¢ 1(blue)
- 3 ¢ 5 -
12 12

(c) PCgTcen or rod) e P(green) ¢ P(red)
* & 2 « Hh e -
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1. (A) Writ* Krcd or blue) as an addition probleat

P(red or blue) g

(=) Write P(green or blue) as an addition problem

P(groen or blue) - * -

() Write P(yellow or rod) as an addition probleat

P(yellow or red) - ¢

(d) 1(rod or blue) - P(rcd) o P(blue)
« jJlI & -1 - -a
12 12 12

(*) P(groen or blue) = P(cruon) ¢ P(bluo)

¢ J1 - JL
12 12 12

() F(yellow or red) - P(yelloif) ¢ P(red)
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2. Look at the spinner below* Zt is divided into

12 parts9 all the same

Uu> Give the following probabilities™*

PC1) - P(2) - PQ@®) -

(b) P(eithor 1 0or 2) =
(c) List the prise auab.r outcomes: «

* o

@ PCprlne nunbcr) - *

(=) List the outcomes that are factors of 12:

PCD — "= P(2 1 PC3 - £
@ 12I 2) 19 )

Cb) PCeither 1 or 2) - P(1) ¢ P(2)

(e Prime numb r outcoco3 are: 29 3* 3« 7# 11*

@ i (prime numbers) =
12

() Outoomos that are factors of 12 are:

1. 2, 3* S i2*
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™ factor of 12 -

Cg) List the outcomes that ore eit er 4 or

(h) PCeither 4 or odd) -
(i) PCn 7 0 -
C4) PCnot 5) -

(k) List the outcomeo that are neither 5 nor 6*

((1) PCneither 5 nor 6) -

(m) PCeven) -

(n) PCodd) -

(p) PCfactor of 13) = _ _

(F) PCfactor of 12) - ~

(g) Outcomes that are either 4 or 0ddx»
4 If 3, 5» 71 9* H =

(h) PCeither 4 or odd) = PC4) ¢ PCodd)
- ilL
(1) PCn70) = m Im

: A
(4) icnot 5) o

(k) Outcomes that are neither 5 nor 6

1, 2, 3, 4t % 6* 7, 6, 9. 10, 11, 12*

cl) PCneither 3 nor 6) = Xg
1 6

Co) PCeven) - -
12

CIO PCodd) =Jj = #
12

Cp) PCfactor of 13) -
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, 051 ®B™™ructign

puttj*aiLiTY
iNTr<ODUcrioN

Probability in an important branch of
mathematics, It is uaod in Baking decisions in
m ilitary operations, scientific research, design
and quality control of manufactured products,
insurance calculations, governmental operations,
etc. It is also important in all games of

chance.

When lotiming about probability therefore,
you are learning about a very important brunch

of mathematics,

This unit is divided into three aectionst
section One deals with "ldeas about Chancet"
.-action Two is on "Experiments in Probability"
and Section Three is about "Finding Probabilities,

dECriCH ON*

AdOUX

Purpose:

To stimulate pupils to think nore



objectively about chance events* Through
participation, discussion and demonstrations
by the teacherot Pupils are expected to have
opportunities to test their intuition regarding
the results of sons activities involving
chance, and to sake guesses, estimates, and

predictions about such results*
Objectives! Throughout this Ejection,

1* pupils will be able to think objectively
about chance events;
2* pupils will be able to distinguish between

expected and experimental outconea of events*

Purpose:- To introduce ideas about chance*

n«ori«di None

hathenatical words to be le rned: Chance;
probability; certain; uncertain; probably;

likely; unlikely*

IntrQdiystlgnt
Today we are going to le m about chance*
done of you have he rd statements that talk about

chance* For example, you night have heard or

made the following stuteoents:



314 -

1* 1t is sore likely that 1 shall go to soo

my uncle during the holidayse

2. Chances are good that tay father will buy

me s shirt at the end of this month.
3. Kamau and Barasa have equal chances to win.

4. 1 an almost certain th t 1 can come to your

house after school.

These sentences are alike In one way.
They have words and ideas which are used iIn a
part of Mathematics called probability. In
probability, we are interested in things which
happen by cranee. By using mathem -tics we can
often estim te quite accur tely what will

probably happen.

The pupils should discuss the implications

of statements 1 to 4 above.

1. How try to answer the following questions.
a) Which Football Club will win the i«ast
and Central African Club Championships

next year?

b) Wwill all the members of your class be in

school next Monday?



2*

3«

4%*

315. "

Some things are rore likely to happen than

others*

a) Which is noire likely, th t one of tho
pupils in this cl«u>s will be abeont or
that the nathenatics teacher i1n this
elaas will be absent?

b) Which is aore likely, th t you will have
ugali for breakfast or that you will

have ugali for lunch?

Some things are nore likely to happen than not*

a) In kiauiau in July, 1is it more likely than

not that it will rain at noon?

b) 1Is i1t aore likely than not that you can

find the sun of 324 and 4637

dome things are certain and some things are
impossible. Which of the following events are

certain or impossible? -

e«
a) A nan can live without water for three

months.

b) Baré&sa®"a dog can write his first and last
names iIn Swahili*

e) All new cars from China this year will
use water for fuel™*

d) Tomorrow, today, will be yesterday*
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Our idees about chmce might be classified

as certain* uncertain, or impossible.

In the following sentences write C, U or 1 for

certain* uncertain or impossible*

a) The sun will set in the east.

b 1 river flows downhill.

e We will see the sun tomorrow.

(o) I A river fTlows uphill.

e I will not sleep at all this week.

L) A river is deep today than yesterday.

When we say a teacher gives a teat on Friday* it
does not mean we are sure he is going to give
one this Friday. We can use numbers to tell

how likely it is th t he will give a test this

Friday.

Mrs. Obunga gave a teat on 3 Fridays out
of every 4 last year.

Hr. Ogoti gave a test on 7 Fridays out of
svery 8 last year.

firs. Okiya gave a test on 2 out of every

3 Fridays last yenr.

Mrs. Oyor gave a test on 20 out of every

21 Fridays last year.

(a) Who is the most likely to give a test on Friday?
(b) Who is the least likely to give a test on Friday?
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IT you know a teacher usually gives a
teat on Friday, you decide to study a little more

on Thursday night*
Lesaon 2*

miUrposex To extend the children®s understanding

of the ideas about chance*

ilatcrlifliq N ce.

I"atheistical Wordai Outcome, possible, fair, unfair*

hevlsat Chance, Certain, likely*

1aSEp~gtl . Ftn»

Go quickly through the last lessons by

asking children questions*

.iTia Nz
Neirs.Dscusalon rjcercii g7,

ohow the children a die*

1* How many faces has this die?
2* Can you naae the number of dots on each face?
3* 1t 1 toss this die once, how nony possible
outcomes are there? Which are these outcomes?
4* If a die is tossed, the foce that is on top
is the one that counts*
iiraw a die on the board to show the face that

counts
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look at the die on the board, which face

shows up?

How many tines are each of the numbers on
the die likely to show on the top face if

we toss the die once?

Zf we toss a die are there equal chances
that a number on any of the six faces will

show up?

IT events have equal chances of occuring, we
say that they are equally likely* 1f you
were playing a gene with a friend and each
one of you had an equal chance of winning
we would say th t the case was fair. Jut

<

if one of you had more chances of winning,

we would aay that the gone was unfair.

Imagine! th. t you are playing a gamm with your
friend. For each gane a rule Is given that
tells who wins. |If neither player wins,

the gane is a tie. Trj to tell whether each
game is fair and, if not, who is more likely

to win, you or the other player?

1. Use one die.
a) You win if 1 1a up. The other player

wins if 5 is up.
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b) Ton win if an odd number is up. The other
player wins 1T an even number iIs up.
First list the set of odd numbers and the set
of even numbers.
Are these ou comes equally likely?

e) Xou win if 3 is up. The other player wins if a

number gre ter thrn 3 is up.

?e For these games, if 1 is up, call it insult 1.
IT either 2 or 4 i1s up, call i1t lesuit 2. |If 3* 5#

6 1s up, call it result 3.

a) Ton winon esult 3* The other player wins on

b) You win/?esult 3* and he wins on any fcesult less
than 3.
c) You win on an even-numbered Kesult, and he wins,

otherwise.

3. Use two different colours, perhaps one white and one

green. Toss them together.
List all the 36 possible outcomes for a toss of two

dice.

a) You win if 1 is on each die. The other player

win 1f 5 is on each clie.

b) You win if there is an even number on the white

die. The other player wins otherwise.



e) Xou win if 6 1s on tho white die, and he

wins if 4 ia on the green die.

d) Xou win if 1 is on each die* He wins if

one die has 1 and the other has 2*

e) Xou win if the number on the white die
is grantor than the number on the green

die* He wins otherwise*

4* Use one die, and throw it two tines for

each gene*

s) Xou win if the number the second time is
greater than the number the first tine*

Otherwise, he wins,

b) Xou win if the number each tine is even*

He wins if the number each tine is odd*

Purpose!-— To extend the children®s understanding

of ths i1deas about chance*

Materials needed:- dice, spinners*
-OPdB to be learned:- Outcome.
The word outcome is often used in talking

about probability* People often ask, "liow did the

football game cone out?" or they sight say "what



wam the outcome of the football game?*

In probability when we talk about the
outcomes of an activity, we mean all the things
that can happen (mil the possibilities)* For
a Ffootball game, for example, there are three
possibilities or outcomes: lour team will win,
your team will lose, or it will be a tie* If all
the outcomes are equally likely, their probabilities

are equal™*

In order to see whether or not the outcomes
for any game are equally likely it is better to

make a list of outcomes*

a. ola”™ ai»xaj->0ioH

1* What are the outcomes when one die is tossed?
2* Are these outcomes equally likely?
3* How many outcomes are there whan you toss

two dico*

To make a list of the outcomes when two

dice are tossed you can make a table

such as the one below:
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Green die
i!_ 23 3 4 6
1 u .j:cr.*r (1,5) (1.6)
2
White
3
die
4
5 -
6

Jonplete th”. above table then answer tue

following questions:1

(@D Uow many different number pairs are shown

in the table?

Cli) How many outcomes are there for tossing

two dice?
(i) Are all these outcomes equally likely?
Bote that the first number is the outcome on the

white die, and the second number is the outcome

on the green die*
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Draw this spinner on the board* It is hair

once and it does not stop on the boun /rye

a) How many poi> ible oatcooes are there?

Ziat these outcomes*

b) Are these outcomes equally likely?

Look at the spinner on the left.

°) What are the outcomes 1f the
pointnr of this spinner is
spun once?
Are the outcomes equally
likely?
The rule i1s you win if the
pointer stops on X, you lose
if it stops on 1* Do you

want to play?
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For each gtiae * rule Is given that tells who

vine. If neither player wins, the :aae is a

tie.

Try to tell whether each game is fair and.

IT not who is acre likely to win. If the gone

is fair, write "F"# |If you are nore likely to

win,

write "I*# |If the other player 1is sore

likely to win, write "0"#

1#

2#

Ugw one die,

a) You win if 1 is up# The other player wins
it 3 iIs up#

b) You win if an odd minber is up# The other
player wins if an even nunb .r is up#

0) You win if 3 is up# The other player

wins ifj|] number greater than 3 is up#

for these games, if 1 is up, call it Result 1#
IT either 2 or 4 is up, call it i<esult 2# |IT

3, 5 or 6 is up, call it Result 3*

a) You win on Result 3# Thv" other player
wins on result 1# -

b) You win on Result 3* end he wins on any
itesult less than 3»

0) You win on an even-nunborod Result, and

he wins otherwise#



3*

4*

- 5% A -

Use two dioe* ana whit* and oaa gnn . To m

than together*

a)

b)

e)

d)

e)

You win IT 1 la on each die* The other

player wine if 5 18 on each die* _

You win if there is an even number on
the white die* The other player wins

otherwise

You win if 6 is on the white diev and he

wins if d is on the green die.

You win if 1 1s on each die* He wins if

one die has 1 and the other has 2*

Yoa win if the nuab r on the white die 1is
greater than the number on the green die*

He wins otherwise*

Use one die and throw it two tines for each

game*

e)

b)

You win if the number the second tine 1is
greater thAn the number the first tine*

Otherwise* he wins *

You win if the number each tine is even*

He wins 1f the number each tine i1s odd*



5* a) What are the outoomes when you toss one

List the outcomes*

b) What are the outcomes when you tons

two dice? List ther.e outcoaes™

il
KI3>g;<Ith.»TS 1K 1l1-OFIAFIILITY

Objectivel

To help the pupila with the techniques for
gathering, tabulating* graphing and interpreting
data which they generate by tossing a coin*
tossing a die* drawing Marbles and spinning the

pointer of a spinner*®

The i1deas gained from activities should
sharpen children®s intuition about chance events

by analysing the results of a large number of

trials.

Vocabulary:- Tabulate* horizontal vertical*

tally*

needed:— Spinner* coins: 5 — cent piece*

10 - cent piece and 50 - cent piece* dice* marbles*

Tossing a die
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e:» To extend chil 1ron"s ideas about

chance events by involving then in experimental

work.

Ikon tossed a die 20 tinea and

rvoorded her outconea iIn the following tablet*

rally

| Total

No*oFf No*of NO.OF No*of No*of Ito*of

- 730 H3 ' ..

/0 1117 111 77 /77 iw/

2 4 3 2 3 6

dtudy the table carefully and see how many times

each face of the die showed up*

1*

Tou now toss a die 60 tines and make a record

of the number of dots on the top face*

hecord your results in a table such as the

one shown above*

Now answer tbo following questions:

a)
b)
©)

d)

How many 1*s did you get?

How nany 3"a did you get?

did you get each outcome about the same
number of tines?

How many tines did you expuct to got

each outcome?



2. Toss s die 100 tiros. Keep s rsoord of

your results in the table below.

NO.OF Mo.of No.of No.of No.of No.of

I°s 2°s 3*S Vs 6*8

Tally
" Total J

s) Did you get eXxh outcome about the

ease number of times?

b) Does your experiment make you think
that in the long run you are likely
to get each outcome 1 tiro in

67?
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In question 1 you toose<l a die 60 tinea and

recorded jour results in a table. Use

these results to draw a graph.

Total
nunbar
of tinea
a fTace

occured
in GO

tossea

Munber on top faoe



A*

1st

3rd
Ath
5th
6th
7th
8th
9th

10th

Toss

Toss
Toss
Toss
Toss
Toss
Toss
Toss

Toss

Total

s)

b)

©)
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Toss s die 10 tines and record jour results

in the following table*

No.of ®o=of No.of No.of |[No.of No.of*

o® .j

- Mo TrTmodm s IE LJJ

_4 __ -mmm

From jour totals* which face of the die

was up the ioost?

Are anj two or more totals the ease?

Which?

Would jou expect that on 10 tosses*
each number would come up at least

once?



d) CD IT we toused a die 1000 tinea, could
we be sure that every nunber would

cone up at Itaat once? - -

(11) How timMy timea would you expect
every number to cone up when you

toss a die 1000 tines?

5* 1T two alee are tossed at the sane tine there
are 36 possible outcomes* We can represent

these outcomes In a table such us this*

&

dumber
5
4 (1.4)

second

] 3 (1.3) (6,3)

die I

2 (1,2)

. I
1 (1.1).(2.1)

1 2 3 4 5 6

Number on Ffirst die

Complete the above table to show all the

possible outcomes in a throw of two dice*

In the table, the Ffirst number in the ordered
pair, say (1,2), refers to the outcome on the
first die while the second number refers to the

outcome on the second die*



lesson 6 and 7: Tossing » coln

liirieet To extAnd children®"s ideas about chance

events.

BRI »Ist Coins - 5 “ cents pieces 10 - cent

piece and 30 - cent piece.
«0K'a to learnt* expect; actual ,about.

A coin baa two faces: a head and a tail (the
side of the coin with the cont of arms i1s referred

to ae "tail').

IT you tons a coin once there is one chance

out of two possiblities of getting a head.

(i) How aany tines would you expect a head to
show up?
(ii) How many tinea would you expect a tail to

show up?*

1. Haris tossed a coin 22 tiaos and recorded tier

results In a table below:-

Ho*of heads Ho.of tails Total No*
up of Tosses

Tally U++ 777/ MW- MV ///

9 T 22
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a @ How many tin- a did she get a head?

How many timesHid she get a tail?

~N A
-
-
v

Number of times she got a head

-
-
o/

plus number of times she got a
tail i1s e<iuval to

(iw) Are her outcomes equally likely?

b) @ How nany times did she expect to get
a head?
(ii) How nany tines did she expect to get

a tail?

Toss a coin 100 times. Keep a record of the

results In a table such as this.

iYo. of No. of Total No.of

bauds up tails up losses
Tally

Total

a) How many times did you expect to get the
"he<d s"?

b) How many times did you actually get the
"bends?

e) Did you got the "heads™ aore than 40 times?

d) Did you get about as many hsads as tails?
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J. toss ftcoin 200 times and keep a record in

a table such ua the one shown in question 1*

f©® How many times did you get a head?

b) How many times did you get ft tail?

c) How aany times would you expect to get
a huad?

d) How sany times would you expect to get
ft tall?

€) Is the number of times the '"heads” showed
up closer to the number of times you

would expect '"heads™ to show up?

Hotel- If a coin is tossed a large number of
tines, the number of times ft head actually
shows up would be closer to the number of

times we would expect a head to show up*

mhoasons 8 - 10

furrooet- To extend children®s knowledge about
ideas about expected and experimental outcomes

of an activity*

slevise» actual outcomes and expected outcomes*
Throughout these lessons stress the difference
between actual outcomes and expected outcomes*
Assuming that the coin iIs a balanced one, I1*e*

ifT it does not at"tnd on its edge when it 1is
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tossed, tlie Actual number of timea i1t lands

“"heads" would approxinteiy approach the

numbor of tines we would expect it to land

"heada'™ up*

1*

2*

Take two coins, a 10 - cent piece and a
5 - cent piece* Toes then together A0
tinea* tieeord your results in a table

bolowl-

Nc.of No* OfF Total Ho*
houds up tuilc up OFf ?0S£&8!

1
1 5 * cent

10 - cent

_ E2iS_

a) How many times co you get two heads?

b) How aany times ao you get two tails?

c) How nany times do you geta head and a
tail?

d) Do you think you would get a head and
a tail almost 2 times asyou would got

2 heads or 2 tails?

Whan two coins are tossed, say a 5 - cent
piece and a 10 - cent piece, they can fall
in one of the following ways shown in the

table below*



3*

4*

5 - cent plecft 10 - Cant plecg
Head Head

Head Tall

Complete this table.

We can aluo draw a table to show the outcomes
when two coins are tonoed*

complete the table*

10 - cent piece

5 - cent

piece T

Toss 3 Coins, a 5 ~ cent coin, a 10 — cent coin
and a 50 - cent coin* Aecord your results in a

table below*

wo* or No. ol Total Ho* |
tines tinta of
heads shows tails shows,



How many tines do you got
a) 3 heads?
b) 3 tails?

0) a head and a tail?

5 1f you toss 3 coins they cun fall in one

of d different ways* Complete the table

below*

5 - cent piece 10 - cent piece 50 - cent piece
Head Head Hoad
Head Head fail

6* All the outcomes from a toss of throe coins

can also be shown In a table ouch as this:

50 cent coin

H T J
> — cent HH  HHI1  Hill
coin
and HT L
10 w cent 2 H

coin 11 .. 111



Complete this table then answer the

following questions*-

s) Uow nnny tines are we likoly to get
3 heads?

b) How nony tises are we likely to get
3 tails?

e) How aany times are we likely to get two
heads and one tall?

<0 How many times are we likely to get

one head and two tails?

7* 1T we toaa 2 coins we may record the outcomes

as 1s shown in the table below* -

211, Oor. 1IM.11 OH. 2*
HH Lill§ TT

Mo. of
Outcomes 1 1 1

Complete the table.

8. Make a table like the one in question 7 tor

three tosses of a coin.
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Complete the tnbl”™ below for 4 tosses of
s coin*
4H,0T 3H.1* 2H, 2T 11Ht3T OHFMAT
A - ——
Him MH ™>iT
I
1
1
. |
Ho* of 6 1

.al

>»



10* We can organise the results of questions

7 6 and 9 in s triangular form* This 1is

Coaplete the row for the 4th toss.

11* Look at the pattern in the triangle on
question 10* Coaplete the 5th and the 6th
rows (5 and 6 tosses of s coin) without

making a table.

12m 1 tossed a coin 40 times and counted 18
heads. Is this more or less than you would

have expected?
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jrayj-ne
h o e» Kxtenoing children®s ideas about

expected and experimental outcones*

>aterials« Marbles*

1* Put three marbles* one red* one green and
one yellow* iInto s box you can"t see through*
without looking* take out one marble* Keep
a record of the colour you draw in the table

belowi

Had Green Yellow

Put the marble back iIn the box* mix the

marbles and draw again* So this 50 times*

a) * Did you get about the some number of
each colour?

b) What are the outoomes of this activity?

c) Did you get each outcome about of

the time?



2m Pat three Barbies* two white and one blue
into the box* Do as you did in question It
nix* draw, keep a record and put the marble

back in the box*

Do this experiment 50 tines*

a) What are the outcomea of this activity*
* B
b) Jupjose this experiment was repeated
100 times, about how many times would

yom expect to draw out a white marble?

3* Kanau and Qaangu* each has one white and one
green marble. Kaaau picks one of his marbles
without looking and then Omongu picks one of
him* also without looking. The four possible
outcomes are listed in the table below*
Complete the table on the rirht to show the

outcomes iIn a shorter way*



Kamau®s Omangu®s Kamau®s

marble marble
1 White White
2 White Green
3 Green White
4 Green Green

There are two bags

marble
1 W
2 W
6

in Okiya"s house.

Omangu®s

marble

In the

first bag* there are two marbles* red and blue.

In the second bag* there are again two marbles*

red and blue.

Bornetimes we can use a table such as the one

shown below to help find the possible outcomes.

First

Bag

second

Red Blue

Red Red* Red

ijéuq. ., Blue .Red

Complete the table.

In the above table* the left side shows the

colour of the marble taken

bag. This dolour

is shown Ffirst

from the first

in the row.

The top of the table shows the colour from

the second bag.
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Okiya now has throe bu a in his house. In
the Tirst bag* there are one red and one

blue narblea; in the second bag9 there are
one red and one blue Burbles and the third
bag contains one red and one blue srbles.
IT Gfciya draws a marble from each bag* his
outconea can be put in a table such as the

one below.

The outcomes for the first two ba, s are on
the left. The top of the table shows the

outcome from the third bag. Complete the

table.
Outcomeb Tfrom
the third bag
*}1
Outcomes - hh

from the V2 ”
first and *1*D

second Va

bag*
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* Each tine we add a bag, we double
(multiply by 2) the nuaber of outcomes.
For instance, vith one bag there were 2
outconea - Ked and Blue. With two bags
there were 4 outcomes w (iied, Hod);

Bed, Blue)] (Blue, lied) and (Blue, Blue).

a) How many outcomes are there when there

are three bags?

b) List these outcomea.

*e fhe number of outcomes iIncreases by powers
of 2. The nuabor of outeoacu for one beg is

2m  The number for two bags i8 22 « 2 1 2 < 4,

In the same way, write down the number of

outcomes for 5 bags.

-J&.
SPINNING THE POINTER OF SPINNER

furuo.ei  To extend children®s knowledge about
expected and actual outcomes and to enable them
to distinguish between these words (expected and

actual outcomes).

haterial» Spinners



The spinner on the left is
divided into two equal parts.
Suppose you spin the pointer

of this spinner 100 times.

How many times is it likely
to 8top on red?
How many times is it likely

to 8top on blue?

IT you were to play a game with the spinner in

question. 1, you would win if the pointer

stopped on redt your friend would win if the

pointer stopped on blue.

Write T if you think the statement below is

true. IT it 1e false, write

a)

b)

I would be more likely to win the game
since the pointer would stop 6n red most

of the time -

My friend would win most of the time _ _

Both of us would have equal chances to
win this game since the pointer would
stop on red about the same number of

times it would atop on blue



3* -pin the pointer of the apinnor shown in

question 1 20 tinea*

leap a record of your

No* of tines

pointer stops pointer stops j

on blue

How nany tisas doea the pointer stop on

How nany tines does the pointer stop on

Would you expect tho pointer to stop on

red the sane nuaber of tinea ns it would

results In a table below*
No* of tines
_on red
s)
red?
b)
blue?
c)
stop on blue?
d)

About how nany tines would you expoet tbs

pointer of this spinner to atop on red

if you spun it 400 tines?

The spinner on the left is
divided into two seotions*
The red section is j* of the

wholo and the blue section

is £ of tbs whole* Spin the
pointer of this spinner 20
tines and keep a record of
your results in s table below*



5#

b)
0)

d)

348

No. of times No. of times
pointer stops pointer stops
on red on blue

How many times did the pointer stop in rod?
How many times did the pointer stop on blue?
Is the pointer equally likely to stop on

red as on blue?

About how many times would you expect the
pointer to stop on blue if the pointer

of this spinner were spun 400 times?

The spinner on the left is
divided into 3 equal parts,
feach part is ~ of the whole.
Spin the pointer of this
spinner 20 times and keep
track of the outcomes iIn a

table such as this.
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| Ho* of times No* of times No* of times

pointer falls pointer stops pointer stops

on blue on yellow J

a) How many tines did the pointer stop on red?

; on blue? 1 on yellow «

b) In each of these colours equally likely?

o) |If you were to spin the pointer of the spinner
shown above 900 tines* about how many times

would you expect it to fall on

a) Red? (b) Hue? (e) yellow?

The spinner on the left is
divided into six equal parts*
liana spun the pointer of this
spinner 20 times and kept a
record of her results iIn a

table such as this*

SN



No*of No.of No.of No.ofF No.of No.oi
tines tines tines tines tines tines
pointer pointer pointer pointer pointer pointer
stops on stops on stops on stops on stops on stops on

1 2 3 4 5 |
Tally /777 MV / // /77 MV
Total
4 5 1 2 3 5

(@D How M&nj tines did Kaua®s pointer atop on
a) 1? b) 27 e) yi d) 4? e) 3? f) 672

Cii) la each of the nuabers equally likely?

(ii1) If Naua spun the pointer of the spinner
600 tinea, about how many tines would

she expect it to stop on

This tetrahedron has one of its
faces coloured red, one blue,
another yellow, and the last

green*

Toss the tetrahedron 20 tines
and note the face that is down*
Keep track of the outcooes in

a table such as this*
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| Bed Blue Green Yellow |

tally
Total j

How aany times did the tetrahedron fall on

Bod? on Blue? on Green

on Yellow?

Add the zamber of tines 1t fell on rod to the

nuaber of tines 1t fell on Blue -

Add the number of tines it fell on green and

yellow -

Is each of these suns about half of the total
number of tosses, or about % of the total
number of tosses? About

IT you were to throw the tetrahedron 1,000
tines, about how many tines would you expect
it to fall on red?



This 3 = sided spinner is divided into three
equel parts* \

a) If you spin 1t 42 tines how nany tines would
you expect i1t to fall on the black edge?

b) If after 60 spins of this spinner you had
recorded 23 tines for the red edge* Is
this less or store than you would expect?

1 Pour girls, ttaa, Betty, Carro and Anyango,
each used the spinner showmn on the right*

they drew e bar graph shown belowi-
%

Ho. of blues 1n TO s;>ina

Raua

Bitty

*ayan€®

0 20 40 60 80

Bo. of blues in 200 spins



a) Who had cue smallest number of bluaa in
50 spina?

b) Who had the largest number of blues in
50 spins?

c) How many reds did Betty get in 50 spins?

d) Which of these fractions tells about

how such of the dial i1s bluet

*)) R

e) Bid any girl get 25 or more blues?

) How many tines in all was the spinner
spun by the girls?

g) How many of the spins ended on blue?
Is this about the number of blues you

would expect in 200 spins?

at these spinners* 1iou can uae fractions

to compare the chances of different results*

Complete the following*

s) (i) of dial red a«nns 1 chance in 2 B&2SSL
chance of red m H*
(ii) # of dial blue means chance in

2 meana chance of blue = -



b) (* 7~ of dial red manna 1 chance in

meons chance of red e -
(ii) ~ of dial blue neons chance in
3 Mans chance of blue = -
N\ N\ N\

of dial jellow means ™ chance 1in

1
aann”™ chance of yollow m ~ =

c) (i) # of dial red nenna chance 1in

neans chance of red »

(ii) £ of dial blue Mans red is iImpossible

Be.ins chance of red - 0*

11* Atoka was told that she would get Shs. 20/»
it she could get one of tho following

outcomest-

1. Blue on a spinner whose dial is # red

and blue*

2* A 2 on oryj toas of a die. Which one

would 3ho chooao? Whj2



affsom»
Finding Probability

Introduction: - When we talk about the probability
of a particular outcasts, we tell how likely it is
that the outcome is the one we get* We use a
number that tolls what of the total outcomes we
expect a particular one to happen* This moans

that probabilities can be written as fractions*

12 agi.jtfn
JTuraose:- To introduce probability*
Mathematics! words: ilewise chance, certain*

Teach probability, Revise chance events in the
last two sections* These sections contain
elementary ideas of probrbility* ik»me experiments
performed earlier will noi: be Uiod to draw

conclunxans about t".ioir outcase*

Throughout the last siction a distinction
was drawn between expected and experimental
results* -—ixpoctcd results are used to calculate

probabilities™*

1* When tossing one die, we have six outcomes,

We write the 6 under the bar of a fraction*



Getting the outcome 3 is just as likely
as any of the others, so we expect it about £
of the time* We say, "The probability of

getting a 3 in a single toss of a die is

2. Zn the experiment, "Tossing a coin once",

there are 2 outcomes.

a) What is the probability of obtaining
a head? P (H -H
b) What is the probability of obtaining a

tail? P (T) - %

3. Sometimes we give probabilities for things
thnt can"t possibly happen. In tonsing a die,
there 1s no chance at all of getting the

outcome "7'.

The number of tim?s you would get 7 in tossing

one die 1s 0 so P(7) = 5 0

4. We can also give « probability for a 'sure
thing™ (that is, a thing which must happen;.
For example, what is tho probability of
getting a number loss titan 7 when one die

IS tossed?



There are six ways to get a number less

than 7* So the probability of getting a number

leas than 7 i1s & m 1. We write this as
6

1*

2*

3*

P(number leas than 7) * N = 1»
Olannl Discussion”®

In the experiment, "Tossing one Die"™, what

is the probability of the outcome 57

PG - P2~ __ P -__
ey - PGB -

a) How many outcomes are there when two

dice are toused? Find
(i) P4, 3) Ui) P<6, 6)

(ii) P(7. 1) UW P(3. 5).

In the experiment of "Drawing marbles™ you
used one red, one Truen5and one yellow

marble* What is

a) P(red marble drawn)

b) ~drawing blue marble) \
c) P(green)

d) P(yellow)

s) P(not blue).

flotej The outcomes in tho experiment were equally

likely™*
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IT we tOHs two dice we can show all the
possible sums of the dots on the two dice

in table such as .he one belows-

Humber on beoond =*ie

1 2 3 = 5 16
3
1 2
Nunber A .l 5
on First 8 |
die 5 1 1 10
6 1 ! 1 L&.

Complete the above table and use it to

answer questions (a) to (F) below:-

a) One way to get a sum of 7 is to get a 1

on the first die and a 6 on the second
die. We write this as (19 6)«x There
are Five sore ways to get a sun of 7«

Write down t ie five ways*

b) (1) How many entries are there in the

table?

(i1) How many possible entries are there

when you toae two dice?

0) (i) OFf the entries iIn the tablev how many

are 67s?
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(11) What Ik the probability of
getting a sun of 6 when two die#

are tossed?

d) (1) How nuny entries are odd numbers?
(11) Wwhat ie the probability of getting

the sun that is an odd number?

e) (1) How many of the suae are either 5
or 97
(11) What is the possibility that the

sum will be either 5 or 9?

D (1) P(oum- 3) (11) P(sum « 8)
air) rdsum -12) ({t)P(Caum - 2)
(v) P(sum » 11)(vi) P(sum *2 Oor sum =

(vii) P(sum- 6 or sum -8)
(will) P(sum- 3 or arm -9)
(Ix) P(sum - 7)

) P(sum > 9).

The spinner on the left is
divided into two equal

parts* Kind
() P(rod)
(b) P(whlte)

(o) 1(yellow).
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AZ;.
Purposet— To extend the children®s understanding
of probability*
Mathematical worus:- Hevise probability, equally
likely outcomes, impossible outcomes, outcomes

which are certain to occur.

You played some games at the beginning*
Xou were asked to decide whether or not the games
were fair* You found that some games were fTair
and some were not* You eaw that the game was
fair if your winning outcome was just as likely
as the other player®s* We say that the game 1is

fair if P(you win) - P(your friend wins)

1* The rule for s game using one die iss "You
win if 3 1s up|] the other player wins i1f a

number greater than 3 is up*"

a) Uhat i1s P(3)7?
b) Which outcomes are gre tor than 3?

What is PCoutcoae greater than 3)?

2* For the game, "Toss one Die" you called the
fiesult 1 if 1 was upt you called the -tesult

2 if either 2 or 4 was up; you called the

Hesuit 3 1f 3* or 6 was up*



3*

a) What is P(Result 1)?

b) Row aany outcomes give Result 27?
Wh;*t is P(Result 2)~?

0) How aany outcomes give Result 3?

What i1s P(Resuit 3)?

Write L if you are more likely to win and
H if the other player is more likely to win
for each rule. Write £ if both are equally

likely to win.

m) You win on Result 3* He wins on Result 1.

b) You win on Result 3* He wins on any
result less than 3*

0) You win on tin even-numbered result and he

wins otherwise.

When you tons a green die and a white die

together, how many outcomes arc there?

What is the probability of any of these

outcomes?

The rule i1at "You win if there is an even
nunbor on the white die; the other player

wins otherwise. find

a) P(even number) (b) P((odd number)

c) P(no one wins) (d) P(both win).



6*

7*

8*

9*

The rule iai "You win IX 6 la on the white

die, and the other player wine I1X 4 ia on

the green die*" Find
a) P(6 on white die) (b)) P({4 on green die)
c) P(both win) (d) F(no one wine)

The rule iai "You win iX 1 la on each diet
the other plnyer wins 11X 1 ia on one die and

2 la on the other die*" Find

a) P(you win) (b) P(other wins)

c) P(both win) (d) P(no one wins)

The rule lat "You win if the number on the
white die ia greater than the nuaber on the
green die; the other player wina otherwise*"

Uhat ia

a) P(you win) (b) P(other wina)

o) P(no one wina) (d) P(both win)

The part oX therule which soya, 'He wina
otherwise”™ is now changed to "He wina IX the
nuaber on the white die i1a leaa than the

number on the green die*"

a) boos this change your chance to win?
b) With this chance* what i1a

P(ether wina)| P(no one wina)*
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Lesson 20:

Purpose: To introduce "Either - or ™
Probabilities™*

Mathematical words: Teach or. You can mention
And bait do not teach it. In connection with set
language or means union (U ) and And means

intersection (D )-

1. In question 7 above, you found the probability
of "1 on one die and 2 on the other.” You
found that the pair would be either (1, 2)
or (2, 1). You probably counted these
outcomes and found 2 out of 36 outcomes, so

you Tfound the probability to be 2 or 1
3fc 18.

Sometimes you cannot find the probability
of either this event or that event by counting.

Look at this spinner.

There are two outcomes, red and
white. But these outcomes are
not equally likely. IT the
spinner is honest, i.e. if the
pointer does not stop on a line
each time 1t is spun, we would
expect the pointer to stop on

red about one out of four times.



What 1s

a) P(rod)? (b) P(white)?

By looking at this spinner, you know that
it is certain the outcoue will be either

white or red*

What 1is
\Y
a) P(either white or red)?

b) P(red) ¢ P(white)?

The spinner on the left
is Kwhite, >t red, ~ blue
and ™~ yellow* These outcomes

are not equally likely*
P(white)- #, Kblue) "™ J

)(.
P(red) - P(yellow) - g

To find the probability of either white ££ Dblue,
we add P(white) and P(blue)* P(eit or white

or blue) - N N

a) P(either blue or yellow)

b) P(either red or blue)*



Hed Blue Yellow (irean

Probability K * * \
ivemiaed

Probabilities

L JL JL n - E -

a) Fill In the numerators of the "renamed

probabilities™ in theJdctable above.

b) Write P(yellow or blue) as an addition

problea.

e) Write P(yellow or red) as an addition

problea.

1
d) What is P(red or blue)?

<) What i1e F(green or blue)?

) What is P(yellow or red)?



2*

Look at the spinner below* It is divided into

What

)
b)
o)

d)

L))

9

h)
)
3
k)
D

is
P()? P(2)? P(3)?
P(either 1 or 2)?
1) LiSIithe prime number outcomes*
1)) What is P(prine number)?
1) List the outcomes that are factors
Of 12+
1)) P(factor of 12) - ?

i) List the outcomes that are either
4 or odd*

ii) P(either 4 or odd) = ?

P(number groator than Eero) = ?

i) List the outcomes that are neither
5 nor 6*
it) P(neither 5 nor 6) = ?
P(even) » ?
P(odd) - ?
P(n>7) - =*
P(factor of 13) =~ ?

P<n<0) - 2



Leuson 21i

Purposet To extend children®s ideas about either
- or probabilities*

fiat ematical words: Revise ££1L zLNJiIX

briefly teach the Mathematical Meaning Of >md*
You can"t always find either — or probabilities

just by adding* Look at the spinner below* It

is divided into six parts, all the sane size*

P(red) -
P(red) ¢ P(1) -

You can see that the probability of either red ££
1 IS not ~ , because three of the six parts of
the spinner (H of it) are neither red nor 1*

You can*t juet add P(red) and P(l) to find

P(either rod or 1)* Why*

a) How many parts of the spinner are red?
b) How sany parts of the spinner have 17?
s) Put an X on each part of the spinner that is

either red or 1* How many X"s do you have?



You can find F(either red or 1) by adding
the probabilities of each one and then
eubtrooting the probability of *bat part

of the spinner that has a 1 and is red*

P(either red or 1) <= P(red) & F(1) - P(rod andl)

1 1
?(either red or 1) = 3 *3

Look at the spinner below* Zt is divided into

12 partsv all the same size*

s) 1) Which outcomes are odd?
ii) P(odd) - 7
b) 1) Which outcomes are prime?
ii) P(prime) m 7
o) i Which outcosMS are odd and prime?

P(odd and prime) m 7

-
-
o/ o/ v/

P(either odd or prime) - P( )+P( )-P(



Follow the arguement of the example above

and then check your answer by counting*

Purposes To extend children®s knowledge about
probability by using two or more coins, spinners,

marbles and dice*
Kathenatical words:» Teach both-

When one coin iIs tossed, there are 2 outcomes,

head or tail* The probability of a head showing

up when one coin Is tossed iIs H and the probability
of a tail showing up is also H, provided the coin

is "honest*"

The outcone on one toss doesn®t have anything to
do with the outcome on the next toss* liven if
you get heads five times iIn a zrov or ten times

in a row, the probability of heads on the next

toss is still Y*

mJuppose you toss two coins together, say m
10 - cent piece and m 5 - oent piece, do you
think the probability of both heads showing up

will still be #?
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1, Hare is a table for tossing two colas*

19 - gJg,c9
1 ¥ J
5 - cent H HH | |

piece *

a) Complete the table* How many outcomes

are there when two coins are tossed*

b) What is
i) P(both heads) - ?
11) P(both tails) = 7

ill) P(l head, 1 tail) - 7
%

2m Here is a table for tocsin*; 3 coins*

£0 - ceint plece

H T
3 - cent HH 1 ilH HHT
coin HT
and
| | i
10 - cent T
coin M 1 i t

a) Coaplete the table* How many outcomes are

there when you toss 3 coins?



3*

b) What 1is
i) PO beads)? -
i+) P(3tails)? -
ill) P(2 heafes, 1 tail)? -
It) P(1head, 2tails)? -
v) Pcat least 1 head) » 2
r1) pPcat least 2 tails) = 7

Two white marbles and two green marbles are
pat into a box. |If you take out one marble
without looking, wbt is the probability

that 1t is white?

b) If you take out 2 marbles, what is the
probability that the marbles drawn are
white?

We can think of the problem of question 2 like

thisi Uhuru and ronto, each drawsone of the

marbles. The possible outcomes are shown

in a table belows

White Green

Ponto"a White I VW WG.

draws Green j

a) Complete the table. How many outcomes are

there?



b) Wwhat IS the probability that both boys
drew a whits Barbie 7

c) What is the probability that the boys
drew a white Barbie and a green Barbie?

d) What IS the probability that the bcya

drew a green Barbie?

i) A bag contains several Barbies* oone are
red, some white, and the rest blue* |ITf
you pick one aarblo without looking, the
probability of red is ~ , and the
probability of white is also j. What is

the probability of blue?

A bag contains one red Barbie, two white
Barbie, and three blue Barbies* If you pick

one Barbile without looking,

a) What is the probability that it will be red?

b) What is the probability that the a rble
drawn Will be white?

e) P(Barbie blue) - 7

d) How Bany white Barbies BU3t we add to the
bag to make the probability of white equal

to #?
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Lesson 231

Purpose: - To uso probability trees to calculate
probabilitlea-

Ratbeastleal vorcai- Teach probability tree.

Sometimes tree diagrams are used to show
possible outcomes of an experiment and hence to

calculate probabilities of those outcomes.

When a coin is tossed once, ve get two
outcomes, a head and a J- Ve can repre sent

these outcomes by Ntr>*" as follows!

1. Pill in the tree diagram and the table to show

all the outcomes when two coins are tossed.

First oecond ejeoond coin

eoin in
€o H T

Use the tree diagram to calculate

a) P(both heads) (b) P(both tails)

e) ?(1 head, 1 tail).



2m  Fill the tree diagram to show all the

outcones when three coina are tossed*

Firut
a) What
when
b) what
c) What
d) What
O) What
f) P(no
s) P(no
i) P(at
3 Fill
Find

a)

P(W W)

Second

is the total number of outcomes

three coins are tossed?

is P(3 heads)?

is P(2 heads, 1 tall)?
is P(1 head, 2 tails)?
is P(not 3 hands)?
heads) =« ?

tails) - ?

least 1 head) = ?

in the following tree diagram*

Uhito

(b) P( 0) @ PG W)

?
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4* Finish t .e table below to show the outcomes

for two spin? of the spinner*

a) For the first spin what is
a PxD -? ) **) -7 (@ PX) -7
b) For the second spin
i) P(K) - 7 (&i) P(B) - 7 (iii) P(1) - 7
c) For 2 spins
i) P(KH) - 7 (i) f(KB) - 7 (iii) PKID)-7
iv) F1D) - 7 (&) P(BB) - 7
vi) What mathematical operation connects
the results of the first spin to the
results of the second spin to yield
the results of both spinss 1Is it
(i) multiplication (ii) addition

(iii) subtraction or (It) division?

5* Bo the exercises in KPE Jook 6 paces 156 and 197*

Pace 156 nos* 2 and 5*
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AmjTJIX CI
P.IE-TEoT EX~™tCI.NS TIME* 40 MIN*
NAME oOHOOL
BOl OH GIftL AGE

R:AD THE FOLLOWING INMOJCTICND LiHi) EXIJtPLES

Cm WTULLY.

1* The questions presented to you are designed to
find out how much knowledge of probability you
already have* They are like the problems that

will be on the lesson*

2* Head carefully and think hard before you

attempt any question* Attempt all questions*

3* Write your answers on the question paper
4* Tou should work out the examples given with

your teacher*

EXAMPLES*

1* Think of spinning the pointer of the spinner
on the right*
The pointer is likely to stop on

a) } of the time

e) 0 of the time

d) all the time*

*e \Vial € S5



-377 -

Circle the letter of the correct answer.

Answer . Since the spinner is divided into

three equal parts, i1f the pointer is fair it is
likely to stop on red the sane number of times

it will 8top on blue or on yellow. Hence it will

stop on red ~ of the tine. So we circle choice (b).

2. for the spinner in question 1 we say that the

probability that the pointer will stop on red is
) J @ o @ 1.

Answer The correct answer 1a —-Jj - So we circle

choice (b).

3. Think of tossing a ten-cent coin once. There
are two possible outcones. Either head shows 2P

or a tail shows up.

What 1is the probability of getting a head?

Q) P -# M@ PH -* (© PH -0

(dad PMH - 1.
mojiawirt* There are two possible outcones and one of
the possible outcomes may be a head. Hence the

probability that a head will show up is 4. We

therefore circle choice (@)-

4. Think of tossing a di e once. There are 6

outcomes. These outcomes are 1, 2, 3* 4,



5 and 6. The outcomes are equally likely.
What is the probability that the face that
shows up will be one with 4 dots?

(@ O
12 6

@,

Aimwmnjrp Since there are 6 outcomes, all equally
likely, the probability that the face that shows
up will be one with 4 dots is /™% So we put a

circle around choice (c¢).

Tle Write ~ as a mixed number.

2. Study the two spinners above. Suppose a
pirate captain said to you MI will give you
just one chance on a spinner. |If the pointer
stops on blue, I will push you into the sea.
IT It stops on red, you may go free.” Which

spinner would you choose?
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5*
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Which spinner would you choose?

(&) Spinner A
(b) Spinner B

(c) None of the spinnerse

Lumumba has 3 green marbles and 2 blue mr
marbles 1n his pocket* How many marbles
must he remove to be sure of getting a blue

marble?
a) one (b) at least 2 (c) more*

Omungu spins the pointer of a spinner 100 times
and gets 35 reds* Which of the following
statements is likely to be true? Put a circle

around the letter th t is likely to be true*

a) The dial of the spinner is all red*
b) The dial of the spinner is H blue*

e) The dial of the spinner is ™ red*
d) The dial of the spinner is y red*

Atoka spins the pointer of a spinner 100 times

and gets 25 red, 25 blue and 50 yellow*
Which of the following Statements 1B true?

a) The dial of the spinner is yel low*
b) The dial of the spinner is green*
e) The dial of the spinner is )t blue*

d) Thedial of the spinner isall red*
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Tou wish to get exactly 5 reds and 5 blues
in 13 spins of a spinner. Which of the

following dials covld give this result?

a) One-half red and one-half blue.

b) One-third red, one-third blue and one-
third yellow.

c) One-fourth red, one-fourth blue and
one-half yellow.

d) One-fifth red, two-fifths blue and two-

fifths yellow.

In which ol the following is the chance of red

equal to ?

a) One chance in two of red.
b) Two chances in four of red.
e) One chance i1n five of red.

d) Two chances in eight of red.

Which of the following spinners is likely to

give about the same number of reds as yellow?

a) One-half red, one-fourth yellow, one-
fourth blue.

b) One-third red, two-thirds yollow.

0) One-third red, one-third yellow,
one-third blue.

d) Four-fTifths yellow, one-fifth red.
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IT the dial of a spinner is all red, wo say

ft,~chance of red is equal tot

10*

11*

a)
b)
0)
d)

Any other chance*
One chance iIn two*
One-halfT.

One*

IT the dial of a spinner in all blue, we say

the chance of red is equal tot

a)
d)

One (b) zero (o) one chance in one

one-half.

Awinja and Onutaimi each have one white and

one green marble, awinja picks one of her

marbles without looking and then Omutsimi

picks one of hors* The four possible

outcomes are listed in a table below:

Awinia’a Omutsimi~a

marble marble
White White
White Green
Green White

Green Green
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IT the two girls pick the marbles at the
same time, their chance of picking a white

marble i1s equal tot

a) any other chance.
b) One chance in two*

c) One chance out of one*

Tabuls bag contains ~hree marbles, one-red,
one white and one blue* |If Tabu chooses one
murble without looking, what is the
probability that the marble Tabu chooses

1b red?

@ | 0>) 1 (@ A (d O.

The dial of the spinner shown on the right
is divided into six equal regions* Ponto
spins the pointer of this spinner once*
What is the probability that the pointer

will stop on 3*
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14. The table below shows the possible outcomes
it the pointer of the spinner shown on the
left is spun twice. The spinner is divided

into two equal parts.

occond 3D
Red Red

First lied Hod, Red Red,Blue

spin Blue Blue, iied Blue,Blue

What is the probability that the pointer will
stop on red ttie First time and on blue tlae

second time, i.e. what is P(FiB)?
a) 1 b = b A (@ o.
6

15. The table below shows all the possible
outcomes when two coins are tossed.
Second Coin

Tail

First Head Head,Head Head,Tail

Coin Tail Tail ,Head Tail,Tail

What is the probability of getting a head and

a tail?

a b () K © £ () 1.
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APPENDIX C2

TIMET 1 HR* 30 KIN.

NAME SCHOOL
BOX OR GIRL AGE -
ClA0S

Read the following instructions carefully before

you begin the test.

1. Attempt all questions.
2. Write your answers on the question paper, you
should circle the letter of the correct answer

of your choice.

3. JJo your rough work on a separate sheet of paper,

then write your answer on the question paper

Exempt

1. Think of tossing a 10-ccnt coin once. There
are two possible outcomes. Either a head shows
up or a tail shows up. What is the probability

that a head will show up?

@) p@)-# ® PO -~
(¢ P(H -0 @ PH -1



Apaw«T»«~ There are two possible outeoaea and
one of the 2 possible outeocaea may be a head*

Hence the probability that a head will show

%

up is #* We therefore circle choice (a).-

1* |If an event is certain to occur, its

probability is

a) 0 ) (o) 1 (d) Greater than 1*

2* 1Ff an event can never happen, its probability ia

a) 0 (b y (@ 1 (d) Greater than 1*

3* A box of Barbies contains 7 blue marbles and
11 white aarbles* Betty draws one narble
from the box without looking* What is the

probability that the Burble drnwn is white?

i f if (c) if

4* 1T the set of possible outcomes for an
experiment consists of four equally likely
outcomes, then the probability of each

outcome 1is

a) - (b)) X (cd O (d) Greater than one*
4
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The probability of throwing exactly four
heads and one tail iIn a tous of five coins
is -— What s the probability of not

52
throwing four heads and one tail?

a) ®) 1 (© 2 (D o.
52 52

Think of spinning this spinner once. Each

IT you spin the pointer of a spinner 100
times and get 25 red, 25 blue and 50 yellowv

which of the following statements is true?

a) The dial of the spinner is £ yellow.
b) The dial of the spinner iIs j green.
c) The dial of the spinner is # blue.

d) The dial of the spinner is all red.
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9*

10*

11*

When a die is tossed once, what is the

probability of the outcome '"greater than 2"7
a) £ (b) ) £ (d 1.

IT you get exactly 5 reds and 5 blues in
19 spins of a spinner, which of the following

dials could give this result?7

s) MKred and H blue*

b ~ red, ™ blue and ~ yellow*

e) )Jtred, H blue and vyellow,

d 1 red, ™~ blue and vyellow*

Ponto spins the pointer of a spinner whose dial
is divided into six equal regions numbered 1,

2, 3, 9, and 6* What is the probability

that the pointer will stop on 37

) * ® 1 @ It () 1.
3 6

In a gambling game where one coin iIs to be
tossed, a player wins if he scores two heads
and one tail* How many times must he toss

the coin?
a) 8 times (b) once (c) three times

d) twice*
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15*

14*
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In the game "Toss two dice”™, you win if each
die has 1 on the top face; the other player
wins 1f one die has 1, and the other die

has 2«

What is the probability that the other player

wins?

D% c>»

The dial of a spinner is Ytwhite, % red,
N blue and g-yellow* What is the probability
that the pointer of the spinner will stop on

either white or blue if the spinner is spun

once?
a) M 00 £ () * @ |
9

Okiya has three ?ars in his house* In the
first bag, there are one red and one blue
marbles{ in the second bag, there are one

red and one blue marbles and the bag contains
one red and one blue marbles* Okiya picks a
marble from each bag without looking* What
im the probability that he will draw at least

a red marble?

«e

») 1 00 1 Co) | (d) o.
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A spinner whose dial is »~ red, ~ blue
and ™ yellow is spun twice* What is the
probability of getting both red in two

spins of the spinner?

a £ (b) | (c) = (d) 8§

A spihner whose dial is ~ red and » blue
«iyi a spinner whose dial is )E blue and »

red are spun at the same time*

What would you do to find the probability of

both red in two spins?

a) add P(Red) on first spinner to P(Bed)
on second spinner*

b) subtract P(Red) on first spinner from
P(ited) on second spinner*

e) P(Ked) on first spinner multiplied by

P(&ed) on second spinner*

d) Divide P(tted) on second spinner by

P(Red) on first spinner*

A coin is tossed once, and a spinner whose
dial is coloured Hed, Blue and Xellow is
spun once* What is the probability of not
getting a head on a coin and a blue on a

spinner

(b) A Q) \ U)

]
3 6

a)
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Two dice are tossed together, what is the
probability of getting either a sum of 6

or a sub of 7?

o> | <> & <*> &

There are three boys and three girls in a
house. Their mother wishes to take any tiro
of them at a time for a walk in town. In
how many different ways can she select two

children to go with her?

The spinner above is divided into six equal
regions. Use it to find the probability

of either Red or 1.

> f () *
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NAME SCHOOL
BOX OH GIRL HATE
AGE

ARITHMETIC REASONING

hkat.ructi .ffl

This section consists of problems in
arithmetic. However, you do not have to find the
answer to each problem. Xou only have to tell

how the answer could be found.
Example O.

Jane b father was 26 years old when she was
born. Jane is 8 years old. How old is her father

now?

(A) subtract
(B) divide
(C) add

(D) multiply,

Jane®s father is now 34 years old. But, you are
not asked to find this. Xou are asked how to find
this. Since his age is found by adding 26 and 8,

choice (C) should be circled.
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axaapjy Qp

Desks are priced at Shs. 40/« each. IT
bought in lota of 4, the total price ie reduced

by She. 20/». How much would 4 desks cost?

(A) divide and add
(B) multiply and multiply
(C) subtract and divide

(D) multiply and subtract.

One way to solve the problem would be to
multiply Ohs 40/» by 4 and then subtract 20
from the product. So you should circle choice
OF

Although some problems may be worked in
more than one way, only one of the ways will be

given among the answer choices.
You should only guess i1f you can rule out

some of the choices. 00 NOT guess wildly.

You will have 40 minutes for this section.
IT you finish before time is called, check your

work.

DO NOT TUHN Tlilo PaGE UNTIL AoK TO DO 00O.
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There are 4 quarts in a gallon and 4 cups
in a quart* How many cups are there in a

gallon?

(A) add

(fi) subtract
(C) multiply
(D) divide.

An electric planer is set to remove .02 of an
inch each time a piece of wood is passed
through it. |If a board is put through 7
time8t how much will have been removed?

(A) multiply

(B) subtract

(C) divide

(D) add.

There are 34 children at a small holiday camp
IT there are 33 boys attending the camp, how

many campers are girls?

(A) add
(B) multiply
(C) subtract

(D) divide.
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4. A nan wants to seed a lawn around his new
home* His plot is 120 feet by 90 feet
(10v800 sqg. feet). His house is centered
on the lot and occupies 2,785 aqg. feet.
How many square feet of ground may be put

into lawn?

(A) add
(B) divide
(©) multiply

(D) subtract.

5t A wholesale fruit dealer sells oranges at 72
cents per pound and lemons at 31 cents per
pound. One day he sold 79 pounds of each type of

fruit. How much money was taken in?

(A) add and divide
(B) add and multiply
(C) multiply and subtract

(D) divide and divide.

6. A cyclist iIn an international bicycle race
has covered an average of 9 miles every 20
minutes. |If he can maintain the same average
speed, how long will it take him to cycle the

remaining 84 miles of the race?
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(A) divide and multiply
(B) subtract and divide
(C) add and subtract

(D) divide and add

A grocer sells oranges for 59 cents a dozen.
The oranges cost him 33 cents a dozen* How much

profit is there on each orange?

(A) subtract and multiply
(B) divide and subtract
(C) add and divide

(D) subtract and divide

A boy works in a shop after school for a total
of 10 hours a week. He also works 8 hours on
Saturdays. How much is he being paid per hour,

it he makes Shs. 20/70 per week?

(A) multiply and subtract
(B) add and divide
(C) divide and subtract

(0) add and multiply

A housewife took a job which pays Shs.65/00
per week. After paying taxes she is left with
76% of her salary, and each week she spends

a total of Shs. 56700 on lunches and bus fares.
How much does her job increase the family

income?
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(A) divide and subtract
(B) subtract and multiply
(C) add and divide

(D) multiply and subtract

A rectangular underground reservoir is 15
feet deep and contains 2,000,000 gallons

of water, when it is full. The short rains
filled the reservoir, but a drought in
January caused the water level to drop 8
feet. Approximately how many gallons of

water were consumed during the drought?

(A) subtract and divide
(B) add and subtract
(C) divide and multiply

(0) subtract and multiply.
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APPENDIX D2

DIAQIFOSTIC TL.,"i IN VULGAR PHaCTIONS

HAMS SCHOOL
BOX OH GIRL CLASS
AGS DATE

READ CRwuJfIJLLY

a) This test is designed, to help your teacher
discover the difficulties you experience
when working with fractions*

b) You should work quickly and carefully*

c) Where possible reduce fractions in the
answers to lowest terms*

d) You are allowed 40 minutes to answer these
questions™

® £+ 1 =
9 9
0) 7 ¢ Qg - 4
@ *5
i| o I - ® A=
c) *1o ¢ 110 =
5.«) » & a] - (b)) 4 ¢ £ i

«)



a)

«y 1f

32
10 15

'

398

2/\

®

®)

®

(b)

(b)

Z

_a

10

b

- JL. -
10

534-3 -

12

l/\

15

- IK -
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APPENJIX _D1

MOHKIHG wv-IIIT1 ;:UTia.™_

MAKE SCHOOL
301 OH GIRL CLAES --
AGE . DATE

RSAD CARiI™FU-uLY

There are 10 questions about working with
cumbers* Each question has rive answer choices*
Tou should circle the letter in front of the

answer you choose*

Here is an example of how you should mark

your answers*

Subtract 918 from 1,725*

a) 819 (M) 807 (©) 928
d 1,018 (e) 1,622.
The answer is 807, bo (b) has been circled*
yggvare to do as many questions as you can.
Do not spend too much time on any one question*

Tou are allowed 40 minutes to work out

these problems*



The first two questions are about a

ringtoea gaae. In ringtoss each player gets

three rings to toss* hinge on the peg win 23

points each, Hings off the peg lose 10 points

each,

3*

4*

Bernina has two on and one off. How many points

does she get?

a) 5 (b) 15 <e) 36 () 40

e) 60.

Otieno has one on and two off* How many points

does he get?

*) 3 () 20 (e) 25 u) *0
e) *5.
What number aoes S stand for i1f

3 X4 XS m12 X S is a true statement?

a) 20 ) O (o) 3 u) 4
e) 5.

Which formula would you use to find how many
stamps each person should get if 31 people

share equally a package of 2325 stamps*

a) 31 - 2325 n



0>) 2325 - 31 - n
(c) 2325 - 51 - n
(d 31 Xx2325 - n
@©® n-2325 - 31

5 Suppose we decide to write fractions in a
different way. For example, instead of j we
would write (2, 3) aud instead of £ we would
write (7j5). What would be the sum of (1,5)
and (3*5)?

@ (.5 @™  (»5) @ (3,10)
@ (%10 (@D 3,25).

6. 1X1 - 0, 2 X2 - 3, 5X6 - 29
7 X2 - 13, 4 X 4 - 15, 9X2 - 17

What docs 6 X 3 equal?
(«) 6 () ) (o 9 (d 17 (e) ;

7. Which of the following will always produce

an odd number?

) The sum ol two odd numbers

) The sum of any 3 even numbers,

iif) The sum of any 3 odd numbers.

(a) 1) only (b) (1) only (c) (iii) only
(d i) and (ii) only (e) 1) and (iii) only.
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The sum of the odd numbers less than 4 and

the even numbers less than 9 1is
(=) 11 0>) 13 (c) 24 (d 42
(=) 45

If you multiply a number less than 1t000 by
one less than 100, the greatest possible

answer you could get 1is

a; 98,901 (b) 100,000 (c) 1,0007000

d) 999*901 (e) 99%999.

How many pieces of wood will you have if you

cut across a long board 17 times with a saw?
a) 16 (b) 17 Cc) 18 @@ 19

€) none of these*
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SIL.JIT rtwliING

SAME SCHOOL
BOT OR GIRL CLAbS
AGE DATE

(Time - 30 Hinutes)

Read carefully but quickly each paragraph
and the question at the end of 1t* Write the
answers to the questions on the space provided*

Write only one word answers whenever possible*

Paragraphs (a) and (bj are examples to be

done by the teacher and the class*

(@ 1 have a oat* It i1s black and white* It
is one ye\r old* It sleeps in a box* It

likes to play with a ball of wool*

Where does the cat sleep?

(b) Every now and then along the roads we see
low wooden houses with tightly shut
windows and little gardens stocked with

flowers*

Choose the word below that tells about the

windows, and write it on your answer paper.
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half-open; open; closed apart

I am a wild bird* tty home is In a tree.
I can fly high in the air. I con sing a

song.

Questions Where is the bird"s home?

Answers

We have a baby. When we speak to him he waves
his little hand. Ue has ten teeth. He sleeps

in a cot most of the day.

questions How many teeth has the baby?

Answers

It was getting so dark that Alice thought there
must be a storm coming on. "What a thick
black cloud that i1sl” She cried. "And how
fast it comest Why, 1 do believe i1t"s got

wings."

Question: Do you think the sun was shining?
Yes
No
Cannot tell.

Put a circle around the answer that 1is

appropriate.
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Otieno picked up a small bag full of money
and went off with a light heart* His eyes
sparkled for Joy and he said to himself, "l
must have been born in a lucky hour; everything

that 1 wish for comes to me of i1tself*"

Question! Was Otieno happy or unhappy?

Answeri

In some cities coloured lights are used to
direct the cars at cross streets* A red light
means ''Stop” an orange light means "Get Ready,”

and s gree™light meon£”Go”*

Questional What light is used for "Get Ready?”

Answeri

Last Monday we went to the Zoo* We spent much
time in front of an iron cage which held seven
monkeys* They made us laugh when they put out

their paws for nuts.

Questioni What was the monkey®s cage made of?

Answeri

There was once a shoemaker who worked very
hard and was very honest, but still he could

not earn enough to live on, and at last 1,
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all he had 1n the world was gone except

enough leather for one pair of shoes*

Choose the word below that tells what the

shoemaker was and put a circle round it

lasy dishone$£ hardworking

proud idle

When a duck wants to come to rest on water it
draws its head backward, tilts its body upward,
thrusts its feet forward and spreads its tails
outward* Choose the word below telling how

the duck places i1ts head* Put a circle around

1t

upward forward backward
downward

I can skip, 1 go to school everyday, | wear a

pretty dress, 1 have a long hair*

What am 1?

Long ago there lived on the sea coast of Japan
a young man named Yaina, a kindly fellow and

clever with his rod and line*

In the space provided below write the word

Xaina* If you think he was a fisherman put
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a line under his name; it you think he was

not put a cross under his name.

11. The daylight 1is dying.
Away 1In the West,
The wild birds are flying.

In silence to rest.

Do these lines tell about evening or morning?

12. Over the grazing fTield.
In the reeds on the shore,
Lived a mother water-rat,

And her little water-rats four.

How many water-rats altogether lived in the reeds?

13* A sailor dropped the captain®s silver tea-pot
into the sea. The captain went to the sailor

and said to him, "You let my tea-pot fall into

the sea, did you not? 1t is lost."” "Wo, no,"
said the sailor, 1 know where it 1is. It is at
the of the sea."

Write the word that has been left out.-
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15*

16.

IT you are waiting on shore for a ship
to coae in the first thing you see is the
smoke* later the funnels and masts come
in sight* and lastly the hull of the ship

itself is seen.

Suppose you were watching a ship leaving
the land. Choose the word below that tells
you the last thing you would see. Put a

circle around the word you have chosen.

people mast8 smoke

funnels hull

Behind the little house were orange trees* a
mango tree and two or three paw paw trees.
Then came a stretch of rough grass and a
stone wall with a gate leading into the

pasture.

Was the stone wall in front* or at the side

of the house?

A fTield mouse had a friend who lived in a
house in town. Now the town mouse was asked
by the field mouse to dine with him* so out

he went and sat down to a meed of wheat.



Whore did they dine? At the fTield mouse®s

homet or at the town mouse®s home?

17* Upon a mountain heighty
Far iron the sea,
I found a shell.
And to my listening ear the lonely thing*
Ever a song of ocean seemed to sing*

Ever a tale of ocean seemed to tell*

Which seemed to sing a song? The mountain,

The shell, or the ocean?
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ATTITUDE TO AfiP M-1THMITIGS

This is not a test* There are no "right"
or "wrong" answers* Just answer the questions

as honestly as you can*

In each question you are asked to tell how
you feel about each statement by selecting one

of the ways given beneath the statement*

Here 1is a practice sample:

Example 00

It is more fun to play hockey than to dance*

(A) Strongly agree

(f) Agree

(C) Disagree

(D) Strongly disagree

Which one of the four ways tells best how you feel

about the statement?

(A) or @@ or © or
<»> Put an x on the letter of the answer

you chooce*
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Now do the same for the following statements*
Work carefully and quickly* Do not spend a long
time on one question* Please answer all the

items and give only one answer to each.
All answers must be on the question papers

1* 1 hate Mathematics and avoid using It*

(A) Strongly Agree
(B) Agree
(G) Disagree

(D) Strongly Disagree

2* 1 have never liked Mathematics™

(A) Strongly Agree
(B) Agree
(C) Strongly Disagree
(D) Disagree*
3# 1 am afraid of doing word problems*
(A) Strongly Agree
(B) Agree
(C) Strongly Disagree
(D) Disagree
A* 1 have always been afraid of Mathematics*
(A) Strongly Agree

(B) Agree

(0) Disagree w Oisagree.
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I can"t see ouch value iIn Mathematics.

(A)
(B)
©
®

Strongly Agree
Agree
Disagree

Strongly Disagree

Z avoid Mathematics b cause 1 am not very

good
(AJf
(B)
©
®

with numbers.

Strongly Agree
Agree
Disagree

Strongly Disagree.

Mathematics i1s something you have to enjoy

even
(A)
(B)
©
®

1 do

though it is not enjoyable.

Strongly Agree
Agree
Disagree

Strongly Disagree

not feel sure of myself in Mathematics.
Strongly Agree

Agree

Disagree

Strongly Disagree.

not think Mathematics is fun, but Z

always want to do well in it.

(A)

Strongly Agree
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(B) Agree
(C) Disagree

(D) Strongly Disagree

10* 1 an not enthusiastic about Mathematics, but
I have no real dislike for it either*
(A) Strongly Agree
(B) Agree
(C) Disagree

(D) Strongly Disagree

11* Z like Mathematics, hut 1 like other subjects

just as veil*

(A) Strongly Agree
(B) Agree
(C) Disagree

(D) Strongly Disagree

12* Mathematics 1s important as any other subject*
(A) Strongly Agree
(B) Aeree
(C) Strongly Disagree

(D) Disagree

13* 1 enjoy doing problems when 1 know how to
work them well*
(A) Strongly Agree
(B) Agree
(C) Disagree

(D) Strongly DisagW®
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Sometimes Z enjoy the challenge presented
by Hatha problem.

(A) Strongly Agree

(3) Agree

(0) Disagree

(D) Strongly Disagree

I like Hatha because it is practical.
(A) Strongly Agree

(B) Agree

(C) Disagree

(D) Strongly Disagree

Hatha 1s very interesting.
(A) Strongly Agree

(2) Agree

(C) Disagree

(D) Strongly Disagree

I enjoy seeing how rapidly and accurately.
I can work Maths problems.

(A) Strongly Agree

(B) Agree

(C) Disagree

(D) Strongly Disagree

I would like to spend more time in school
working Hatha.

(A) Strongly Agree

(B) Agree

(C) Disagree

(D) Strongly Disagree
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Z think about Hatha problems outside school

and like to work then out.

(A) Strongly Agree
(B) Agree
(C) Disagree

(D) Strongly Disagree

I never get tired of working with numbers.
(A) Strongly Agree

(B) Agree

(C) Disagree

(D) Strongly Disagree

I think that Mathematics is the most enjoyable
subject.

(A) Strongly Agree

(B) Agree

(C) Disagree

(D) Strongly Disagree

Mathematics thrills me, and 1 like it better

than any other subject.

(A) Strongly Agree
(B) Agree
(C) Disagree

(D) Strongly Disagree
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APPENDIX P2

ATTITUDE INVERTOR!

The statements below represent varying
attitudes towards the use of programmed materials
or teaching machines as a means of studying a
subject* Read each statement and indicate the
extent to which you agree or disagree by
circling SA(Strongly Agree), A(Agree),
U(Undecided or Neutral), D(Disagree), or

SD(Strongly Disagree)*

1* Classes in which programmed materials are used
are dull and uninteresting*

SA A U D SD

2* 1 feel that using programmed materials is the
most effective method of studying that I have

ever used*

SA A , U D 3D

3* 1 am glad that I am not using programmed

materials in more classes that | am at present*

SA A U D 3D
A. 1 do not like to work with programmed materials*
SA A U D 8D

5* School would be more interesting if programmed
materials were used iIn more classes*

SA A U D SD
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I ifish that 1 could study programed materials

in my other classes*

SA A U D SD

Using programmed materials results iIn too ouch

wasted time*
81 A u D SD

Using programmed materials is interesting

because you have to keep thinking*

BA A U D SD

I would rather be working with a group of
classmates than working alone with a programmed

textbook*

SA A U D SD

When 1 use programmed materials 1 can keep
interested in my work*

SA A U D SD

When 1 use programmed materials 1 understand
everything that 1 study*

8A A U D SD

I would rather have a teacher explain the
subject than be left on my own with a programmed

text*

SA A U D SD



