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ABSTRACT

The purpose of this studv was threefold: (1) to construct a
¢

unit in basic inferential statistics, (2) to determine the feasibility

of using the unit to teach de nine students, and (3) to investigate

the students' anchoring s on some selected statistical concepts

before aﬁd after the instrﬁction of the upit.

fhe anit inf basic inferential statistics in this studv was
ccnsfructed on the basis of the advocates of several reporté which
promote the}instruction of probability and statistics at the secondary
school level. The construction of the uni® was designed such that it
was appropriate for grade ninegstudents. The prerequisites for the
ﬁmit were kept at a minimal level assuming that general grade nine
students would already have attained them. In particular, probability
was not a major prereduisite of -the unit, rather it was treat;d as an
intuit:ve experienced prerequisite. The content of the unit was
selecte® with respect to three referenced sources: psychological,
social, and mathematical. The emphasis was on the structure of the
subject matter. The instructionalrapproach employed in the unit was

: )
intuiz:ve in which the intended'csﬁbepts were }llustrated by created

examples a]@ﬁg with graphical figures and created exp?riments where

appropriate.

E The feacsibility of using the unit was dete;mined with respect
to thréevazeas: (1) the fulfilment of the unit for the five objectives
of junior higr =.hcol matlhematics of the Province of Albertas [to

develop: (a) understanding ~f mathematical concepts, (b) skill in the

use Hf fundamentallpr0cesth(c) the probLéé}solving’method, (d) habits

o :
' iv
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T~
of precise thought and expression, and (e) under-tanding of how to

applyv the concepts], (2) the student reactions to the unit, and (3)'thv
teacher reactions to the uAit.

The data for feasibility ascessment were ““1lerted by t.1nyg
the developed test instruments, with tlse except:nn Hf the Jdat.- for the
skill in using fundamental processes for whict standardized test
wds used, and fqr assessing the development of hobits of precise
thought and expression for which the data were gathered fromvclassroom
obse;vaéions. The test instrument callnd "Conception Test" was also
developed, using partial interview procedure, to investigate the )
students' anchoring ideas on some selected statistical concepts before
and after the instruction of the unit.

—

Two grade nine classes with 21 and 27 students from two junior

Mish =chonls participated in the study. .The two classes were taught

* .

by the :regular schoul mathematics teachers, using the developed

.

materials of the unit. Instructional times of 18 and 22 forty-
minute pe{iodsvwere utilized during March to June 1976.

Upon the completion of the conduct of the study, data were
collecﬁed and results weré analyzed to answer the research questions
and test the hypotheses toward the threefgld purposes of the study.

The majo{ conclusions of the study ;re: A unit in basic inferential

statistics is justifiably constructible such that it is appropriate

for grade nine students; The use of the :nit is fgasible with respect

to each of the five objectives of junior high mathematics and also ;ith
~

respect to the overall reactions to the unit on the rart of students

and teachers; The instruction of the unit caused the improvement of

A4
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the students' anchoring ideas on statistical concepts to bette:

quality. on the bases Qf the results from this study, the inclusion

.

Of a unit in basic inferential statistics to a regular school mathe-

matics program at the grade nine level isg recommended.

vi
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CHAPTER 1

v

THE PROBLEM
INTRODUCTION

There 1s no disagreement today—nor will there be
in the foreseeable future—on the vital importance of
mathematics, both to the §cientist, engineer, or other
specialist called upon to use mathematics in ‘his work,
and to the intelligent layman in his everyday life.
Mathematical education, to fulfill the needs of an
advanced or advancing community, must be under continual
scrutiny and undergo constant change,and it is the
responsibility of all mathematicians, working in
uniyersity, school,,or industry, to concern themselves
with the problem of keeping mathematical education vital
and up to date . . . (Cambridge Conference on School
Mathematics, 1963)

The above paragraph describes the importanée of mathematics,
and advocates coﬁtinual‘careful examination and change in mathematical
educatioﬁ. Because mathematics is a 1iving discipline which covers a
wide variety of conceﬁts, it is almost impossible for schools to teach
all types of mathema;ics to th7f;§stgdents. T%e problem is then,..
what type of ﬁathematics is feasible and worthwhile for the students?
Accoraing to the report of the Cambridge Conference, probability and
statistics are among the recommended areas of study to be included in

N

secondary school curricula.

v

Statistics is one of tﬁe most important and widely used branches
~of mathematics. It is of great iﬁporténcé for such diverse occupations
as government, military, agriculture; insurance, and reéearch. It is’
also- importa-t and useful.to the ordinary Eitizen for his or her

effective everyday deéi;ion making.



Many statistical concepts are deep and complicated but are
particularly useful. Because learning and understanding these concepts
requires early familiarization, the Cambridge Conference recommended
that they be fntroduced at the sccondary school level. College is
rather late for students, especially those who are not mathematics
majors, to develop the statistical way of thinking.

Concepts of probability have been introduced in the curriculum
of many schools, some as early as the elementary level. The primary
purpose of teaching probability, besides .its unigque mathematical
’features giving,K some students intellectual satisfaction, is that it
serves as the tool by which students comprehend the uncerpainty model
of.the world. Inferential statistics, a kind of mathematics dealing

<4
£

with the use of a part of a whole in or@er to get knowledge of tﬁe
whole, directiy involves the knowledge of(uncertainty and also makes
use of the concept of prdbability. Inferential statistics, therefore,
could follow probability as a sequénce'in the school cﬁrriculum. More-
over, the concepts of descriptive statistics would be automatically

included, since descriptive statistics is a part of inferential

statistics.

- b

Inferential statistics can be;§§proached in an intuitive
fashion using examples,'experiments, aﬁd graphs. The concepts intended
to be taught are still valid and useful to the students, and if
proﬁerly tauéht should be exciting and interesting as well.

Because inferential statistical procedures are useful to
everybody, all students should have a chance to learn them before going

out into society. Grade nine should be a suitable level for this



purpose since grade nine stpdonts, having passed two years of mathe-
matics at the secondary school level, should have sufficient pre-
requisites and should have attained acceptable skills in the use of
fundamental mathematical processes in order to study inferential
statistics.

Have the schools prepared and provided such mathematical

studies for students? 1o practice, statistics has not been focused
. .
.upon in any particular grades. It has been taught to the students

without any particular time allotment in the curricula. The emphasis
is more on the mathematical manipulation of fermulas, symbols, and
numerical data, rather than on basic statistical concepts. The

National Advisory Committee on Mathematical Education, in their report,

Overview and Analysis of School Mathematics Grades K-12 (1975), has

«

summed up the instruction of probability and statistics in the schools

as follows:

Many recent curriculum planning conferences and
resultant development projects have given prominent
attention to statistics and probability throughout
elementary and secondary mathematics programs. While
probability instruction seems to have made some progress,
statistics instruction has yet to gek off the ground.

At the,elementary school levei, most common tcpics are
only traditional graphing exercises and elementary
descriptive statistics. Furthermore the NCTM exploratory
survey indicates that these topics get very little time !
in the averagé teacher's mathematics instruction. At 'the
high school level probability topics . . . are commonly
omitted. A one semester senior course in probability and
statistics has gained only small audiences of the very
best students. Furthermore, this course places a heavy
emphasis on probability theory, with statistics, if
treated at all, viewed as merely an application of that
theory . . . (p. 45)

This study is primarily concerned with the development of an

instructional unit in basic inferential statistics, the feasibility
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of teaching the unit to grade nine students, and the investigation'of

the students' ideas about some statistical concepts. -
NEED FOR THE STUDY_

-Although there have been some previous studies concerning the
introduction of teaching probability and statistics at the éecondary
schéol level, such as/?hose by Smith (l966),hghu1te (1970), and
others,rthere still/éxists a need for further study for the following

s . v
reasons:

S

1. Probability and statistics is a large field. 'Different
studies of different‘topics have drawn infereﬁces which may not be
valid for the whole field. Most previous studies emphasized the
concepts of probability and some concepts of descriptive statistics.
This study, on the other hand, consists of a sequence of topics forming
a coherent unit which emphasizes the basic ¢onéepts of inferential
statistics, that is, the idea of getting information about a total
(a population) by means of its fractign (a sample).
! 2. Different studies have employed differing approaches and
teacﬁing strategies, and since the quality of instruction is one of
the major variablesAin any study, the differences,in oﬁtcomes of\tggig/

studies may be due to variations in the quality of instruction. This

particular study employs the intuitive approach, in which concepts are

.illustrated by the use of examples and experiments.

3. The result of the instruction of a unit in probability and
statistics to grade nine ssydents, according to the study by Shulte

(1970), was a decline in student attitude and student skill in the

L4



use of division. These aspects of study need reinvesﬁiqation in a

different population, context, instructional approach, and environment.
4. The' investigation of the students' existing ideas about

some statistical concepts, in particulqr the studénts' statistical

knowledge obtained outside school, has ﬁot been .conducted before.

“he students' prior knowledge about statistical concepts will greatly

"influenfe their learning. Ausubel (1968) says, "The most important

single factor influencing learning is what the learner already kﬁows."
Therefore, this aspect of learning, particularly as it

relates to the learning of statistical concepts,; needs further

investigation. Tﬁe resglts will beluseful in the instruction of

Staﬁistics, the cénstruction of a unit, and the assessment of a unit's

i
|

instruction.
THEORETICAL BACKGROUND

The main theme of this study involves two aspects: the first
one is the introducing of the subject—inferential statistics, which.

is not normally taught at the secondary school level; the second is

.

the exploring of the students' ideas about some of those statistical
concepts to be taught. Bruner and Ausubel provide the theoretical
background which initiated, and which supports, these goals.
-. Any subject can be taught effectively in some
intellectually honest form to any child at any stage
of development . . . (Bruner, 1960) ‘ :
Bruner has suggested the modification of the conception of

readiness to include not only the child but the subject matter as

well. Subject matter can also be modified and passed through stages

&

Ny
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of readiness. One can view the development of a child as evolving
irou- - stages 1in which his preferred modes of representation are
scrially: enactive, ikonic, and symbolic. Similarly, the basic
_ principles or the structure of inferential statistics.can be
represéntéd manipulati 1y, as visual representations, or as formal
symbolic expressions according to their suitability to the learner's
stage of development. In relation to the above assertion, Bruner ha;
suggeéted that, first, the fundamental principles or structures of
disciplines are essentially simple; and second, o% consequently, that’
these simplevstructures can be taught and learned in an.intellectually
honest form through some mode of represeﬂtation. Bruner's statement
relates to the first aspect of this study in that the constrhction of
a unit in basic inferential statistics can Be'viewed~as the modification
of ¢+ is subject matter to be appropriate-for grade nine student

readiness.

»

. . If I had to reduce all of educatienal psychology to
just one principle, I would say this: the most important
single factor influencing learning is what the learner
already knows. Ascertain this and teach him qccordingly e

{Ausubel, 1968)

According to Ausubel, every learner has a cognitivé.structure,
which refers‘gélely to the stability, clarity, and organigation'of a
learner/s subject—matter knowledge in a given diséiplihe. The a?tual
ideas and information embodied in this knowledge are cognitive content.

o N

The existing ideas or background with respect to a given disciplinéf
available to a learner in his cognitive structure at any stage of time,

are referred to as anchoring ideas. Meaningful learning, the most

efficient human mechanism for acquiring and storing new ideas and
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}: information in a given discipline, wiil occur due essentially to tﬁe
presentation of new sui;able learning material to a learner. Further-
more, that learner must possess the necessary relevant énchoring
Jddeas in his cognitive structure to which the new learning material
can be related in a certain_appropriate‘fashion. If those relevant
anchoring ideas;ife not available to him in his c;gnitive;structuro,v
then rote learning will take place instead.

In relation to the second aspect of tﬂis study, one can
presume that the students, before studying the unit in statistics,
should have some-anchoring ideas about statistical concepts in their
cognitive structures. Once the lessons on statistics, viewed as a
set of new learning materials, are presented to tﬁem, the learning
outcome is essentially determined by the availability'of prior
anchoring ideas. Also, once the students complete studying the unit
in statistics théy will have some form of anchoring ideas about those

statistical concepts available in their cognitive structures for later

instances of use.

THE PROBLEM

It is the threegold purpose of this study (1) to construct a

. _ 3
unit in basic inferential statistics, (2) to determine the feasibility
of teaching the unit to grade'nine students, and (3) to investigate

o
the existence and change in the students' anchoring ideas about some
statistical concepts before and after the unit instruction.
Answers to the following questions were sought:

EY

1. Can a unit in basic inferential statisgacs be constructed
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in such a way that it is appropriate for a grade nine student popula-
tion, and so that it fulfills the five junior high school mathematics"
objectives of Alberta listed below?
\‘a. To develop an understanding of matheﬁatical‘concepts
) ‘and appreciation of mathematical structure.
b. To develop skill in the use of fundamental brqcesses.
c. To develop systematic methods of analyzing probléms and
N presenting their solutions.
d. To develop habits of precise thought and expression.
e. To develop an understanding of the signifiqance and
application of mathematics in thé modern world.
2. After the unit in basic inferential statistics has beeﬁ

constructed, is its use feasible in grade nine? The feasibility of

using the unit is determined with respect to the as -'ssment in three

- areas. .-

2.1 How well does the unit contributg =~ the Alberta
curriculum, in particular, the five objectives of jun.or high mathe-
matics? In other word;, can graae nine stuaents who stady <he unit
adequately learn the statistical concepts with respect tc ea-h of the
five objectives?

2.2 How do grade nine ;tqdénts react to the unit in
basic inferential statistics? Specifically, how do the students react

-

to the unit in the following areas: (a) enjoyment of activities,
) . . 4
(b) difficulty of the subject, (c¢) interest of the content, (d) belief

of having new knowledge gained, and (e) perceived uSefulness of

statistics?



2.3 What are the teacher reactions to the unit in basic

ferential statistics? Specifically, what opinions do the teachers
whr teach the unit hold in the f. lov .ng areas: (a) perception og
1 unit's app}opriateness in relation to the general five objéctives
of' junior high mathematics, (b) perception of the instructional
suitability, (c¢) perception of demands made on the téachers' subject
background in teaching the unit, (d) perception of student reactions
to the unit, and (e) perception of the unit's being included in a
reqgular mathematics program.

3. The investigation of the students' anchoring ideas.

I

3.1 what are the students' anchoring ideas about some
selected statistical concepts before and after the instruction of

the unit in basic inferential statistics?

3.2 How do the students change their anchoring ideas

'

about some selected statistical concepts after the unit instruction?

DEFINITION OF TERMS

Inferential statistics is a subject whiqh deals with the
use of numbers derived from a set of data (a sample) t9 give
numerical information about a larger set of data (a population)
from which the original set of data_(the sample) was taken.

Descriptive statistics is a subject which deals with the use

" of numbers derived from a set of data in order to summarize informa-
tion about that set of data.

Feasibility is'the capability of being put into effect with



respect to some criteria of judgement in certain referenced domains.
In this study, the capability of being put into effect 1is measured
with respect to specified criteria of judgement in three referenc

. N

domains: the unit contribution to the five objectives of junior high

mathematics, the student reactions and the teacher reactions.,

A concept 1s_one of the following: (Merrill and Wood, 19 )

1. A symbol, object, or event associated o .. on. to one

basis with another svmbol, object, - ev.nt. For example:

T is a symbol for summation, and X i:  syr™ .1 for a
sample mean.

2. A set of objects, symbols, or events (referents) which
I

have been grouped together because they share some common
characteristics. For example: !sample" is a set whose

elements consist of all non-empty subsets of a certain

population.

Appropriateness is the relevgnce of something with respect to

one's justification according to a referenced model. In this study,

3

the unit constructibility is justified according to its relevance to

a grade nine student population . 1 the five objectives of junior high

mathematics.

To adequately learn is to be able to express the learning of

:E§§;:

a certain specified concept in a way which satisfies a certain
¢ criterion level of judgement. Operationally, it is to .score on the
achievement test high enough to reach or exceed the criterion

referenced measurement of the test.

To react is to express an opinion on something with respect

10
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to a certain variable or aspect of that thing. Operationally, it is
to express the degree of agreement to a given statement about the unit

on a five point scale.

. . . O, ..
An anchoring idea is a learner's knowledge of a certain concept

or a given subject matter which is available to him in his cognitive
3

structure at a certain stage of time.

The unit is the entire constructed statistical -program to be

used ‘during the course of study.
OUTLINE OF THE REPORT

In the present chapter the problem of the study ?as béen
introduced. The literature related to the study is reviewed in
.ChapterVZ. The éonstructiqn of the instructional unit is described
in Chapter 3. The instruments employed in this study are described
in'Chaptér 4. The description of the design and conduct of the
study appears in Chapter 5. The reSgltS'of the study are.reported

in Chapter 6. The summary, conclusions, and recommendations are

included in Chapter 7.



CHAPTER 2
REVIEW OF LITERATURE
INTRODUCTION

The review of literature relating to this study is divided into
three main sections. The first section ié devoted to the various
influential reports that advocateithe inclusion of probability and
statistics in the school curriculum, followed by a review of the
school mathematics program in Albérta. (The sécond section 1is a
review Of what has bge; done about some related curriculum research on
probability and statistics. And‘the third section deals with somé
learning theories relating to the instructional approach employed in
tg&s study and to ﬁhe preparation of magerials for the instructional
unit<

) The purpose of the third section is mainly to establish the

'

theoretical 'foundation for the.construction of fhe unit described in
Chapter 3. Howevef, this section is noﬁ included as a part of that
chapter .becapse it also-Aeals with the notion of anchoring ideés which .
is basic té th; theoreticai background bghind this study as a whole,

: ' @
in particular, the third purpose of the study.

ADVOCATES OF STATISTICAL IDEAS IN SCHOOL CURRICULA

There are several reports that promote the instruction of
probability and statistics at the secondary'school level, and the

recommendations made by these reports have influenced school

12



13

mathematics both in content and approach. These reports are:

‘(1) the College Enéranco Examination Board (1959); (2) the Cambridge
Conference on School Mathematics (1963;, (3) the Committee on the
Undergraduate Program in Mathematics (Statistics) (1972), (4) the
National Advisory Committee on Mathematical Education (1975), (5) the'
School Mathematics Project (1961), (6) the Oxfora Middle School

Mathematics (1971), and (7) the Alberta Mathematics Program of

Studies. \

College Entrance Examination Board (1959)

The report of the Commission of Mathématiés on behalf of the

College Entrance Examination Board, entitled Program for College

Preparatory Mathematics, has as its primary goal the improvement of

the mathematics program for college capable students. It presents a -
nine point program for Such students, one of which is the recommenda-
tion that alterngtive units be added for grade l?——either introductory
probabilitylwith statistical application, or aq}introduction to modern
algebra. The two main objectives of £he probagility and statistics

course are: (1) to introduce the student to égobability concepts and

. 3
to the mathematics involved in these ideas, and (2) to illustrate ways

’

: \
in which these concepts apply to certain comm¢n statistical programs.

The above course on probabelity and;statistics for grade 12
is considered as "advanced mathematics” accbrding to the repor£.
Along this line, as thé prefequisite mathematics aﬁd the intermediate
. mathematics, the report recommends two basic courses: (1{ Algebra
and Statistics for Grades 7 and 8, and (2} An introduction to

Statistical Thinking for Grades 9-11. ' The content statistics in
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the first course emphasizes reading and constructing .various graphs,
such as the reading and construction of bar graphs, linc graphs,
pictograms, circle graphs, and continuous line graphs. The content

of- the second course, on the other hand, emphaéizes descriptive

statistics which includes: (1) Statistical data; sets of observations
and measurements, (2) Collection and organization of data (charts,
tables, graphs), (3) Use of single numbers to characterize a set of

‘

data; average (median, mean), and (4) Simple measures of dispersion;
range and quaptipigs.

The ou‘gine of probability and statistics being recommended
by the report to be inc}uded in the secogdary school curriculum is
roughly divided into three phases: (1) to have students get used to
reading and constructing various basic statistical graphs in grades
7 ;nd 8, (2) to intfoduce some concepts of descriptive statistics to
studen;s in grades'9—ll, then (3) the more formél course on p:obﬁbilipy
and statistical applicétion is intraduced in grade 12. In conclusion,
the area of descriptive statistics is introduced first, then probabil-

ity is introduced, followed by statistical application which can be

viewed as inferential statistics—a combination of both descriptive

stat%sticé and érobabilit?.

The report, despite its primary concerns about the program for
college capable students, also recognizes the importance of‘mathematics
in general education, which involves thé majority of students who are
not bound for college. "Two of thé objéctives of matﬁematics'ip gene;al

education proposed by the commission emphasize the inclusion’ of

statistics and appreciation of mathematics:
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1. An understanding of, and competencé in, the process
of arithmetic and the use of formulas in elementary algebra.
A basic knowledge of graphical methods and simple statistics
is also important.

4. An understanding of mathematics as a continuing
creative endeavor with aesthetic values similar to those
found in art and music. In particular, it should be made
clear that mathematics is a living subject, not one that
has long since been embalmed in textbooks. . . .‘(p. 11)

',-idge Conference (1963)

he su mer of 1963, a group of twenty-five professional

ans and m.:thematics users held a conference on school
\ar . Cam iqe, Massachusetts. The main purpose of the
~onte wus o ret ltew school mathematics and establish tentative
goa's fc -athen. icas education, including considerable detail such )
S——

as tﬁe curriculum conient tor grades K-12.
some of the broad goals ﬁor the‘schOOl mathematics curriculum
presented by the —conference are:

1. The:subject matter through the full thirteen years of
study in grades: K-12 should have a level of traiﬁing equivalent to
three years of the present top level college, which is equivalent to
two years of calculus and one semester each of modern algebra and
probability theory. -

2. Acquisition of some ékills may be reduced or abandoned,
especially in the.case of drill fof dril;'s’sake; because the proposal
for more content in the curriculum must be compensated by the omission
of something else, such.as skill practice. Instead, the conference
recommended the replacement of‘unmqtivated drill of classical

arithmetic by problems which illustrate new mathematical concepts.

They believed that entirely adequate technical practice can be woven



into the acquisition of new concepts. However, the conference did
recognize some drill problems for the individual -student whose teoch-
nical skill is behind. Sueh\g<ills should be, however, toward the
acquisition of new concepts. In their words:
We are definitely opposed to the. view that the main
objective is arithmetic proficiency and that new,
interesting concepts are being introduced primarily to

sugar-coat the bitter pill of computational practice.
(p. 8) \

3. The Studenté should have early familiarity with mathe-
matics. The conference set a broad goal towérd this end that: the
elementary school program should be understandable to virtually all
students and lead to a level of competence well above that of the
general population today. As fewer and fewer students are expected
to elect mathematics in junior and senior high schools# the attempt
has.to be made first“;;vprovide the students early familiarity with
suitable mathematics. Of particular importance is an elementarf
feeling for probability and statistics. -

4. The broéd goal toward pure and appliedrmathematics should
be compromised. The confereﬁce remarked that thgre will be more
users of mathematics than makers. ‘he conference also recognized
the justification of fears concerning =he éarly intréduction of rigorous
mathematics—that the students would lose intefest in less precise \
disciplines, and of rigid mathematics, -“~hich requires-proof of every
.émall point in thé math course—that the students wguld be able to do
nothing in a typical applied situation. To this end the éohference
recomm;R“edthelogical rigor procedure, the use of logical précision

o

in an intuitive way as in their own words:
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If the nature and limitations of the mathematical
models used in science are carefully described and if the
intuitive steps which go into their construction are
fairly presented, then the inherent attraction of =
unlocking the secrets of nature or solving a pragtical
problem should easily balance the attraction of logical
certitude. '

To foster the proper attitude toward both pure and
applied mathematics we recommend that each topic should
'be approached intuitively, indeed through as many
different intuitive considerations as possible.
(p. 11)

To facilitate reaching these broad goals, the conference also
suggested some pedagogical principles and technidues. among them is
the teaching of new topics by the intuitive fashion.

At the first stage an intuitive or premathematics
approach offers the opportunities of an early introduction
of impértant concepts. There is time for each of these
concepts, first drawn from the student's general
experience, to be made more familiar and more precise,

»and time to develop the concept further. The concept
can be used by, the student from the beginning in appropriate
simple contexts. (pp. 13-14) ‘

e — .

The conference suggested that probability and statistics, in
particular, be taught %n four doses through the curriculum as follows
(p.- 71):

1. 1In the elementary school, empirical study of the statistics
of repeated chance evénts, coupled Qith some arithmetic study of the
working of the law of large numbers.

2. In junior high’ schoocl, prébability as an additive set
function on-finite sets,-conditional probability, indepeﬁdence,-
B;nomial distribution, expectation, varian;e, and some simple
séatistical tests.

3. 1In senior high school, after the first work on limits and

series, probability as an additive set function on countable sets,
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Poissoﬁ distribution, law of large numbers, etc.

4. 1In ségior high school, after integral calculus, probability
as aA additive set function of intervals on the line, continuous
distributions on the line and in seve;al dimensions,'norm&l distribu-

“nAn, limit theorem, etc.

In the curriculum for grades 7-12, the conference propoged
two topical outlines. The probability and statistics courses for
junior high school, grades 7 and 8 in particular, consist of (pp. 43,
45) : (a) biﬁomial theorem, combinational probklems, (b) review of
earlier experience with probability, basic definitions ip probability
theory for finite sample spaces, (c) sampling from a finite population,
Qnordergd sampling, ordered saméling with and without replacement,

(d) conditional probability, independence, (e) £andom'variables and
their distributions,ﬂkf) expectation and Qafiance, Chebychev's
vinequality, (g) joint distribution of random variables and independent
variables, (H) Poisson distribution, and (i) statistical estimation
and hypothesis testing. The content of the éwo topical outlines is
almost identical éxcepg that one does not have binomial theorem,
combinational problems.

In gonclusion, probability and statistics, according to the
proposal of the conference, should be closely tied togetherAall the
wa?lthroﬁgh_the school mathematiés curricuium, and statistics concepts

could be viewed as the illustration or application of probability

concepts. . .

18



Committee on the Undergraduate Program in
Mathematics (Statistics) (1972)

The report by the panel on statistics is entitled Introductory

Statistics Without Calculus. The panel's primary goal was to

yrecommend an efficient éourse of instruction for nonmathematics

majored students. Althéugh the report.aims at instructional improve-
ment at the college level, its recommendations are worth taking into
account at the secondary school level. These college étudents do not

A

have a calculus prerequisite; it is the first statistics course for

them and also the terminal course for most of them. The situation is
not much different then, from the majority of students in secondary

schools.

The report starts . . by citing criticisms of intrpductory
statistics courses made by .. peoéle invoived. Some of these
criticisms are (p.2): (1) th= eméhasis is mmamafhematical or
p%oqgs;listic‘withoﬁt providing sufficient insights into statistical

o | ‘ T
conézbts, (2) the course is too technique oriented, overemphasizing
computation and undereﬁphasizing the fundamental ideas underlying
statistical reasoning, and (3) insufficieht attention‘ié paid:to
drawing statistical inferences from real data.

To cpuntér some of.thése criticisms,.the foiiow;ng guidelines
for formulating cpurse objectives are>recomﬁended by the report (p.13):
(a) the course must havevlimitéd objectives; othgrwisé, it is likely
none of them will be met adequately, (b) the primary objective of the
course should be to introduce student; to variability and'uncertaiﬁty

and to some common concepts of statistics, and (c¢) a .secondary

objective'of the course should be to teach the student some common

19
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statistical‘formulas and terms and some of the widely used statistical
techniﬁues.

Tﬂe report presents &he implications of the above recommended
objéctives as follows (p. 4){ (a) proofs and extensive manipulatfbns
on formulas should belemployed sparingly, (b) the course éhould an
dwell on computational techniques, rather, some_eléctfoni; calculators
are recommended, (c) brobability concept; are important but shouid not
constitute the dominant;ggrtion of the course, and (d) to illustrate

N
the~application, the cour;é must be data oriented and must incorporate
analysis of real world data. -

In conclusion, the report strongly recommends ﬁore emphasis on
inferential concepts and data analysis, and less on mathematical

elements.

-

National AdviSory Committee on
Mathematical Education (1975)

The National Advisory Committee on Mathematical Education ’5;

(N2 OME) presented a technical report, Overview and Analysis of School

-

ihematics Grade K- in attempting to assemble a comprehensive

overview and analysis of the current status of mathematic§ education—
particuiarly its objectives, current ahd innovative"practices, aqd
attainments.

According to NACOME, statistics and probability, despite the
prominent attention of man& curriculum planning conferencés and
resultant deveiopment\projects, have nét made much progres§»in the

schools, in particular statistics: "While probability instruction

seems to have made some progress, statistics instruction- has yet to
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get off the ground . . . (p. 45) ." At the elementary school level,
the most common topics are graphing exercises and elementary descyip—
tive statistics,.and ﬁhese topics get very little time in the average
teacher's instruction. At the high school lev 1, probability andr
statistics are commonly omittgd, and only a handful of the very best
students are involved>in the senior cougse. Morebver, this course
places a heavy emphasisvon pr@bability theory, while statistics, 1if
treated at all, is only the application of that theory.

NACOME also reported on what has been doﬁe to encourage the'
inclusion of statistics in the school curriculum.

"In 1967, the Amcrican Statistical Association (ASA) and the
National Council of Teachers of Mathematics (NCTM) sponsored the
Joint Committee on the Curriculum in Statistics and Probability.
This commigtee focused its efforts on two main tasks: « (1) to‘perSuade
school'boards, principals, teachers, and parents of the importance and
- usefulness of statistics, énd that:it shoﬁld gecome a part of the

school curriculum, (2) to prepare materials for the teachers' use and

consultation.

To accomplish the first task, the committee prepared a volume

of essays, Statistics: A Guide to the Unknown, in which famous .
. ?

statisticians described in nontechnical language important applications

) . . .. 3 . \-\ ! «
of statistics and probability. The content of the book involves a
variety of statistical applications relating to man in his biological
world, man in his political world, man in his social world, man in his
physical world and others.

When proceeding with the second task, the committee found no
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shbrtaqe of good probabilite . «ts at the secondary school level. On
~the other hand, statistics ma...ials were hard to find at the pre-

college level. Because i° is unrealistic to expect teachers to

assemble appropriate teaching materials on their own, the commit tee

.

produced four booklets entitled Statistics by Examples, in which 52

real life problems with real data are explored in qreat.detajl,
exténding from data orgaﬁization to sophisticated model building.
Each problem represents a seriecs of learning ::periences which also
includes additional exercises and projects.

Since 1974, and continuing into 1976, the Joint ~>mmittee
has conducted working sessions to acquaint teachers with some of the
materials, but much more still needs to be done. Sales of the book,‘\

Statistics: A Guide to the Unknown, have reached about fifty thousand

copies, but the majority have gone to college students, not the

intended public. Sales of the series, Statistics by Examples, have

reached about fifteen thousand copies, but again, the teachers who
‘ied the series still indicate a need for more elementary
material and specific guidelines on where and how to use
statistical topics in normal curricula. In conclusion, NACOME states:
Development of these materials should have high
priority in curriculum making. But most ‘important is
acceptance of the premise that statistics can and should

be taught all the way from kindergarten through grade
12. . . . (p. 47) :

The following are recommendations made by NACOME for dealing
with statistical ideas in the school curriculum (pp. 47-48):
1. Use statistical topics to ‘illustrate and motivate

mathematics. ,
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4. Emphasize statistics as an interdisciplinary subject
with applications in the naéurdl, physical and 50cfd§*sciences, and
in humanities. Possibi}ities for interdisciplinary courses are: a
course oriented towards computers and statistics, and courses in
physical, biological and sécial sclences usiﬁg statistical tools.

3. Develop several separafe courses.dealinq with statistics
to meet varied local conditions. Two possible courses are:

a. A statistics course for high school students with
little or no algebra, especially noncollege boundlstudents or college
bound students in social sciences who, as consumers and citizens,
must learn to cope with numerical information. The main theme of
such a course would be "makiné sense out of numbers"” without getting
involved in complicated mathematical formulas.

b. A senior year statistics course with a probability
prerequisite .f.r more mathematically”énd scientifically minded )
students. The need for such a course would be greatly enhanced if
CEEB intrc  ~d an Advanced Placement Program in Statistics, and by
the inclusion of a substantial number of statistical problems on

standardized tests.

School Mathematics Project (SMP)

. This project was founded in 1961l. The main objective was to -

devise radically new mathematics courses which would reflect, more
. )38
adect " 21y than did the traditional mathematics, the up-to-date

nature and usages of mathematics. The team of writers and researchers

for the project, including several school and university mathemati-

cian§, completed the main series of Book 1-5 forms of pupils texts,



starting at age 11+ and leading to thé O~level examination 1n mathe-
matics; and the advanced mathematics, Books 1-4 covering the cgrriculnm
for A-level examination in mathematics. \

By 1967, the project found that : mathematical cohtent in

) .
the SMP texts was suitable for a much Qider ranae of pupils than
originally anticipated, especially in comprehensive schools, but that
the presentation of the content needed adaptation. As a result, a
néw series, Books A—H; was produced in order to serve as a secondary
school course starting at age 11+. These books are specially suitgd
to pupils aiming at a CSE examinétion (Certification of Secondary’
School Education).

Aﬁong the modern topics considered by the project to be
included in each of the three series were probability and statistics.
In the séries of Book 1-5 forms for O-level students, Book 2 contained'
a chapter on statistics, Book T4 consiste” ~f both a chapter on
statistics‘and a éhapter on probabiiity, <...d Book T included a
probability section as part of a chapter on Application of'Sét

Theory. The statistics topics included in Book 2 and Book T4,

however, are in elementary descriptive stut!stics.

Advanced mathematics, Book 1-4, .~~luded phe material on
probability and statistics in orde; to providg a.working knowledge
of some of the more impoftant simple applications of probability
.aeory, éuch as Markov chains, Poissoniﬁroceéses, Goodness of fit,
Student's t, and Cofrelétion aﬁd regression.

Book E, from the series Books A-H for comprehensive school

students, had a chapter on €lementary probability. Book F, on the

o



other hana, had a.chapter on statistics which included top}cs in the
area of elementary descriptive statistics. Book G contained similar
statistics topics to Book F, but Book.G dealt with continuous data,
while Book F dealt with discrete data. The background for statistics
coveréd in Book F and G was presented in Book B.

Some of. the differences between the two - '1iss, O-~level and
CSE books, pointed out by the prdject were: CSE books pla&ed more

.

emphasis on practical activity and investigation ‘as well as estab-
lishing the main points by a process of question and answer; CSE books
gave more time to earlier stages, divided the original content from

O-level books into several parts to allow students to absorb one

point before moving on to its development. These earlier chapters,

11

upon whicﬁ later chapters dépend, wére designed as an integral part
of the boock.

The content of the SMP texts differs from traditional texts
because of differences in philosophical background. 1In cons;rﬁcting
the series, it was the project's philosophy that: first, understanding
and intere;t in general statements of mathematics stem fromsexperience
of a wide range of particular situations and from confidence that
quest%ons of mathematical significance can be asked and answered in
many of those situations} and secohdly, these’ experiences shouid
arise inside as well as outsidé mathematics.

In the instruction of stagistics in particular, the project
recommended -having students work yith meaningful data related to
themselves for~mo£ivating purposes: .

- Succe&ﬁ depends to a large extent on whether the
children work with data that concern and interest them.



They seem to prefer biographical or physical data about
themselves, and second best, about their friends and
relations. It is compiling this that takes the time.

Of course ready made data may be used. These can be
obtained from encyclopaedias, daily newspapers, news
weeklies . . . Children, though, seem to find these second—
hand figures less interesting. It is more satisfactory if
time can be allowed for the collection. of the data they
like best. It is a good idea to record these in a special
exercise book, as the same figures can be used in several
of the exercises. . . . (SMP, 1966, p. 20)

Oxford Middle School Mathedatlcs (1971)

The project produced a four book series whlch aimed at
providing a course in mathematics which is modern in context and
reflects present day developments in helping children learn through

o

their own activities. .
The project claimed that the series was good not only for the

needs of the middle schools, but was also appropriate for both upper

classes in primary schbéls ;nd lower classes in secondary séhools.

In bartiéular, it could well prpvide a course to bridgé the gap

bgﬁween the primary and secondary stages.

Each of the Tour books in the series divided the mathematical

content into three main categories: (1) sets and numbers and number

‘system, (2) shapes and their properties, and (3) measures, statistics

and probability. The topics on statistics and probability included
in the series were: collecting information and recording it in various

ways—pictogram, block graph, arrow graph, reading and interpreting

’

graphs; frequency and mode; and idea of most likely result. These -

appeared in Book one. Book two contained such topics as ‘collecting

data and representing it graphically, and simple ideas of sampling and

: probability. Book three consisted of grouped data, use of a histogram,

26
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ideas of a scatter graph, activities involving probability. . Book four
of the series included the idea and use of arithmetic mean, scatter:
graph, first ideas of correlation, probability trees.

The list of topics in statistics and érobability included ié
the series as described above indicates a fairly large amount of
céntent for children ages eight to &hirteén. This illustrates that
the project is a strong advocate of including statistics and probability

in the school curriculum.

Mathematics Program in Alberta

In order to get a complete picture of mathematics instruction
i? the Province of Alberta, the mathematicg program is reviewed at
all levels—senior high, junior high and elementary. Furthermore,
speéial attention is focused on the instruction of probability and
statistics in order to see it in relation.to this study. -

In senior high school, according to the mathematics curriéulum
guide Qf.the Department of Eduéa&ibn (19715, the curriculum in
mathematics consists of fhree programs, called Program A, Program B,
and Program C.

Program A, the ac;demig stream, consists of four courses—
Maph 10, 20, 30, and 31—which emphasize the deductive.approadh.
Program B, the mjiddle s£feam, consists of three courses—Math 13, 23,
and 33—which emphasize the indgctive approach, and Program C, thg
vocationél stream, consists of two cqurses—-Math'lS and 25—which
emphasize the practical approach. 'It is estimated that 40-60% pf
the‘s;udent population;will take the academic stream, 25-35% the

middle stream, and 15—25% the vocational streamy

N\



‘Each of the three programs has a section relating to proba-
bility and statistics. For Pregram A, Math 30 contains a section
called probabiliﬁy'function incleding sample space ana p;obabilit
the addition theorem, and the multipl;cation theorem. This section

appears in Chapter 16 of the recommended text, Modern Intermediate

Algebra, Revised Edition (1969). The curriculum guide recommends ten

periods, out of a total of .one hundred and fifty) be given to the

N

teaching of this material.

For Program B, Math 13 conta;;s a section called an introduc-
tion to descriptive statistics which includes: definition, eignifi—
cance and relevance of statistics in modern society; operations with
eignificant digits and approximate numbers; measures of central
tendency (mean, median, mode); and application. * Ten periods from
the total of-one hundred and fifty is the recommended time allotment

’

for teaching this section which appears in the first chapter of . the

.

recommended text, Principles of Mathematics, Book 1 (1969) .

v\

For Program C, one of the five suggested sectiong of Math 15

is probability and statistics with no further detail given on the

’

topics covered. The Math 15, 25‘curricdlum guide (1975i‘indicates that
* teachers shouid feel free to moaify é%e progrém to suit the needs and
intereses of their students; and such modificatioe might include
‘deletion and/or addition of some topics. This seems to implf that

probability and statistics are not a requirement for students in

i

Program C.
Mathematics in junior highvschool, on the‘ other hand, is

provided as a single core program with its content distributed through

28
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three years of study. The program is relatively academic in nature.
Every student is expected to cover the complete program, but teachers
or schools may be flexible in the degree of complexity of boncept
development for each individual student. Apparently the program of
studies does not include any topics on progability and statistics.
However, a section on probability‘;nd statistics doés appear in each
of the three recommended texts by th; Department of Education (1976) .
Therefore, probability and statistics in Alberta junior high schools,

if treated at all, is taught on an optional basis.

One of the three recommended text series is the Contemporary

Mathematics Series. Chapter 14 of Book 3 includes a section entitled

"Probability." Topics included are: outcomes, outcomes of event,
mutually exclusive event; independent event} empirical probability
and relagive frequency. » _1

The second recommended text is the series Mathematics

Concepts and Application. Chapter 19 of the first cour$e in the

series contains a titley"Statistids and Probability." Topics included

in this chapter are: presentation-of data, measures of central

éendency (mean, median, mode), probability, sample space, estimating

probabilities, and probability problems.

The third recommended text is the series Exploring Modern

Mathematics. Chapter 10 of Book 3 includes a section entitled
. \‘\\\‘

"Probability.”" Topics included are: what is probability; events

<

not equally likely; compound probability, P(A or B), P{(A and B). ~
v . .
At the elementary school level, conceptual development of
2 X N

mathematics is de igned‘under three main categories: number and
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numeration systems, measurement and rélationship, and geometry—shapes,
space and location. Undof the sccond main category—number and
numeration systems—there are two topics which relate to the concept
of probability and statistics. The first one is entitled "Concept of
Relationship of Size, Position, Form, Quantity." Details.%:cluded are:
gathering data, graphical representation, and probability. The second
relatea topic is entitled "Graphing of Simple Relationships." Details’
included a;e: - pictographs, bar graphs, circle graphs, and line
graphs.

In conclusion, preobability and statistics have already been
introduced in Alberta schoélé. However, the teaching time is still a
very small portion of the .total time allotment for mathemétics, and
the instruction is on a relatively optional‘basis. Moreover, ﬁhe

emphasis is generally on probability, while statistics, if treated at

all, is only descriptive statistics.
RELATED, RESEARCH

This study} in its nafure, is a curriculum experiment. The
scope of the review of previous research relafed to this study is
primarily concentrated on the ré;earch inbolying curriéulum experiments
on statistics and probability, in particular statistics, at the level
of junior high and‘elemegtary schools. léecaﬁse of.the contrast in

content, the review of related previous research is divided into two.

O

- parts: research before the sixties, and research after that time.



3

Research Before the Sixties

One of the oldest curriculum studies on statistics was done by
Hausle (1937). The study was conducted in order to énswer the
question, "Can a course in statistics be given to secondary school
pupils?" The question was relevant since, at that time, speakiﬁg of

a course in statistics one usually thought of a graduate urse in

college.

The experiment was conducted at the James Mgnroe High School,

1s were enrolled in the

‘

New York City, where twenty—-four boys and
course. The prerequisite for entering was the successful completion
of intermediate algebra and, in order to assess the students' ability

to do statistical Wd:k}‘a test in arithmetic and algebra was set for

the beginning of the course.

The actual course instruction started out with the discussion

of certain techniques for handling data. Measures of central tendency,

N, . . . ‘
‘including mean ‘and median, were discussed and _!alculated, as were

measures of variability. Much time was spent on graph work. Normal

cuf&e, theory of sampling and statistical inferences were also included.

\

The course concluded with a study of correlation and regression lines.

\

\aausle reported that as far as possible the material used in

the class‘w§s drawn from the students' own data or from data supplied

by the sociai\studies, biology, and health education courses. No

\

AN
report on achievement testing.at the end of the course was given.
However, Hausle did comment on the students' reactions to the course.

. « . The comments of the pupils who took the course
indicate that they derived a real benefit and enjoyment
from it because they could see a meaningful application
of . their mathematics . . . (p. 29)

31
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Hausle concluded that a course in statistics ought to become
a unit in every high school Qherever possible. And in such incidences
mathematics teachers had to be prepared for this field.

Another early report on curriculum studies on statistics

was by Drake (1941) upon the completion 6E1his six year attempt to

+

develop a unit of instruction based upon statistical concepts. The
project was conducted at the University of Minnesota High School with

ninth grade mathematics pupils.

. . . . N ~
The general objectives of the project were set up.as follows
; n

-

{p. 16):

1. To show the usefulness of a precise numerical description
of a group when measures are given for each individual in
the group.

2. To teach students to arrange data so that they can be
better understood and used.

3. To determine values which are representatlve and typical
of the entire set of data.

4. To compute other values which give a better interpretation
to the individual items which compose the data.

5. To show the students the limitation of such statistical
procedures and possible misleading conclusions.

6. To show the need for exercising judgement and common
sense in computing from approximate data. .

7. To train the pupils in habits of accuracy and neatness.

8. To aid the pupils in the acquisition of concepts of
statistical measurement and the requisite vocabulary.

9. To arouse an awareness of the wide spread use of StatlSthS

: as a means.of expression of ideas.
10. To help the pupil in his understanding of everyday problems
by employing ‘social data. :

The teaching methods utilized were based on the discussion and
development df coﬁcepts such as the need for arranging data;
the histogram; the standdard procedures for making a frequency distribu-
tion and determining the size of interval;'the.idea of average; the
developmént of a formula for mean; the computation of the mean;—by a

regular procedure of averaging and also by short cut procedures



(assuming the midpoint of the interval as the score‘obtained.bx‘all
the students in‘that interval, and by using a midpoint of séme inter-
vals as the assumed mean, then the adjustment was maae later); the
median; the use of the mean and the median; and percentile,quartiiéy

«

décile. Drake also had students work with their own testing scores

during the instruction.
1
Drake assessed the unit and made recommendations as follows:

The-pupil interest and participation were high during
the presentation of this unit. The student teachets who
were observing remarked that they themselves had a much
bette  understanding of statistics as a result of their

expe ¢nce. . . . Possible improveﬁents lie in the
introduction of more social data and less emphasis on
test scores. » . . (p. 22) =

xSimilér studies wére-conducted later, bny'Toole (1952) about
statisticé in secondary scﬁool curriculum, by Beberman (1953) aﬁ
the teaching of statistics iﬁ secdndaryAschool mathematics, aha by
Krulik (1959) on experiences with some different topics, including
statistics, for slow learners. These studies before the sixties
primarily involved statistics—in particular; descript?ﬁe statistics—
although the study by Hausle (1937) did include topics inQolving
inferential ;tatistics such és the theory of samplihg and statiétféal
inference. But according‘to,his repo%t5 these were offered 6n1y %b

. £ i

students who had completed an advancé%:course in‘a;gebra. Fﬁrthermore,
although it was suggested that real data be employed in-phe investiga-
tion, the emphasis was on mathematical elgments, formulas, and
computations. For instance, there was a heavy emphasis on various

procedures in computing the mean as described by Drake (1941).

»

o
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Research in the Sixties and Later
Starting with the sixties, studies involving probability and

»

statigtics at the secondary and elementary school ievels came into

‘
fashion. Most of these studies show a lot of phasis on probability
concepts,‘although some do refer to both probability apd statistics.

Leake (1962) conductead a'stétus study oy the ability of séventh,
eighth and ninth'grade students to understand the concepts of proba—
bility. The study showed that the children had the ability to under-
stand a considerable number of probability concepts. fhis seemed to
imply that probability and statistics can be included in the school
curricuium for young children. Howe&er, he suggested that in order
to assess .ne feasibility of such inclusioné, curriculum experiments
be done first on thevvarious aspects of teaching probability and
statistics at that level.

The following is a more detailed review of some of the
curriculum studies on probability and statistics conducted during tﬁe
sixties and later at the iével of junior high school or below.

The first pertinent curricuiﬁm experiment closely reiated to
this study was conducted by Shulte (1970). The main purpose of the
.sﬁudy was to investigate the results of the introduction of a unit
on probabilityAand stétistics into the hinth gradé general matheﬁatics
course. |

During the summer of 1966, the researcher developed a 199

page instruction unit, Mathematics of Uncertainty, and a 97 page
teachers' guide for the unit. The prepared unit consisted of nine

chapters:

34



1. Introduction -
2. Probability—a Beginning (simple cvents?’repeated events,

independent events, mutually exclusive évents, empirical probabilities,

conditional probabilities, tree diagrams, odds)
3. Fancy Counting (permutations, combinations, the Pascal

.

triangle)

4. Probability Revisited (a look at probability using

permutations ad combinations)
5. _Getting Organized (tables and statistical. graphs)

6. Describing Data (measures of central tendéncy——mean,

median, mode; measures of pOSition——quartilesj percentiles; measures

of spread—range, trimmed range) average deviation, standard

deviation; mean and standard deviation for groﬁp data; mean and
standard deviation of a probability distributidn)

7. Sampling, prediction, and Quality Control

° 8. How are Things Related? (regression and correlation)

9. Suggested Projects (a 1ist of forty possible student

projects) .
During the 1966-67 school year the unit was taught to

eighteen classes of ninth grade general mathematics students in five

school districts of Oakland County, Michigan. Thirteen teachers

volunteered to teach the unit. Seventeen classes of ninth grade

general mathematics students in the same five districts, using their

regular materials, were used as a comparison group. The comparison

classes were taught by eleven volunteer teachers. The researcher

held four in-service training sessions of one and a half hour each,

/
/



prior to and during the experiment, to provide the teacﬁers of experi-
menting clagses with a common base of knowledge about probability and
statistics and the particular views of teachiﬁg.

The intended time for teqchinq‘the unit waé about eight or
nine weeks of tho-school vear. The actual teaching time ranged from
five to fifteen weeks depending upon the individual district. More-
over, the decision to stress or omit any materials was left to the

individual teachers.
ey
N {

The data were collected by means ;f pretests and posttests.
Standardized tests were mostly qsed in this study, except two of those
tests whicp evalua£ed the teachers' attitude and the students'
achieveﬁént. These were developed by the researcher.

Five main hypotheses with abpropriate subhypotheses were
statistically tested. Some conciusiéns were:

v

1. The study of probability and statistics was not beneficial
L

in improving computational skills, except for multiplication. More=-
over, the computational skill for division had significantly declined.

2. Probability and statistics contributed to the improvement
of pupil pérformance inffour selected mathematical areas: (a) statis-
tical graphs and tqbles, (b) mathematical symbolism apd formulas,
(c) solution of simple equétions, and (d) mathematical achiévementf

3. Ninth grade general mathgmatics students'learned concepts
and principles of probability and statistics.

4. The study of probability and statistics caused student
atfitude towa{d mathematics to decline.

5. Teacher attitudes did not appear to change.

)

4
/

v
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éne could look at the study by Shulte a4s a comprehensive one,
since it involved a large number of studens and teachers, and also a
substantial unit of content. However, the instructional approach and
the teaching strategies during the experiment were relatively uncor -

trclled. The decline of the students’ attitude and computational

skill in division may have been due to this uncontrolled major variable.

A second study of curriculum experiment, also closely related
to this study, was conducted by Smith (1966). The main nurposé of
Smith's gtudy was twofold: (1) to deveiop materials in probability
and statistfics for seventh graders, and (2) to evaluate the effective-.
ness of thosk mg#frials:.

The developed msterials consisted of a teacher's and Student's
ﬁanual which covered eleveh elemehtary topics. The objectives for the
eleven topics were formulated under the categorizatiop of knowledge,
understanding and abilities; © An objective test consisting of fifty
itea; was used as a pre- and posttest measure.v The eleveé topics were:

1. Equally likely events

2. Events that are pot equally likely

3. Mutually exclusive events

4. Independent events

5. Models o -

6. Sampling

7. Pascal's triangle

8. Continuous  and discrete data

9. Histog;aphs and frequency polygons

10. Central tendency, including mean;, mode, median’
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11. vVvariation, including range and average deviation.

The matdrials were taught to four classes, totalling ninety-
seven students, for seventeen days. The control group included two
seventh grade classes totalling fifty-three étudents. Sohe conclusions
from the Study‘were:

1. High and middle ability St;dents learﬁed significantly
more than those designated as low ability students.

5. Low ability students did learn a significant amount .

3. All but three of the eleven topicsf—independent events,
sampling, and measures of variation including average deviation—were
appfopriate for those low ability students. However these three
topics did seem to be appropriate for high ability students.

Smith's study séemed to demonstrate the feasibility of seventh
grade.studenﬁs learning certain topics in probability and gtatistics.
However, the statistical concepts taught were mostly in the area Qf
dé5criptive statistics, and the unit is relatively fragmented. More—
over, seventeen days of instruction to cover eleven topics does not
seem to‘be enough time to guarantee the stqdents' good performance,
especially those stgdents of low ability.

A third curriculum e*periment was conducted by Wilkinson and
Nelsbn (}966). Thé purpose of the study was to test the feasibility
of students learning cértain concepté of,prqbability ;nd statistics. -
The sample consisteq of 22 s%xth grade students from the Laboratory
School, State Coi;ege of Iowa. The stﬁdy was conducted for th;ee”
weeks of 45 minute per -day periods. The clasé was taughé_by one of -

the researchers, while the other acted as an observer-recorder. No



formal testing was done at the end; only subjective information was
réported.

The selected concepts which they intended the students to
:expefience were: randomness, probabili;y, odds, bias, variation,
law of large hﬁmbers, levgl of confidence, sampliﬁg, mean, median,
mode, distributions, equally agd unequally likely events. The skills
which they intended the students to develop were: recording and
interpreting data, making and testing hyp;theses, and observing anq
differentiating between relevant and irrelevant data.

The conclusions, subjectively drawn by the researchers, were
that the experiment was a qualified success, that probability
experiences were worthwhilé, and that it is important to expose
., students to events which have a degree of uncertainty.‘ 'ilkinson and
Nelson further conjectured that activities in this grade should enable
students to compare their individual guessés with what théy find ~
taking‘place as they carry out an experiment, and that a series of
experimentsvinvolving possibility coﬁceéts would help them assess

'

‘and interpret uncertainties.
The results of this étudy seem to be u. al, but the generali-
zations may not be éonvincing because‘of the suLjective nature of .
evidence.cited in the coﬁclusidhl
A fourth curricﬁlum experiment was conducted by Shéplef
(1969) . The twofoid purpése of the study was to cqnstruct an
Ainstructional program on probability and statistics and then to

determine the success of teaching the unit to sixth grade students.

The content outline was hierarchically analyzed and consisted of nine

19



lessons based on the following topics:

1. \xhe use of ‘experiments by childrén to provide an empirical
appgéach to the subject.

2. Counting pafadigms (trees, table, lattices).

3. Formal counting procedures (sum rﬁle, product rule,
permutations, and combinations).

4. Relative frequency of an event to approximate the

o
N

probability of that event. -
% 5. Computation of probabilities in a finite sample space.

The study was condﬁcted in the\Waunakee Elementary School,
Waunakee, Wisconsin in March and April 1969, using 25 average and
high I.Q. students. The teaching staff consisted of one teacher and
the reseafcher. Since mastery'learning procedure was employed as the
major goal of the experiment, three more teachers and a secretary
were used as auxiliafy staff during the course of insuruction.

The data were gathered at thé end of the experiment by
employing a criterion referenced test to determine the students'’
level of mastery with respect to a set of behavioral objectives.

Shepler's.study seemed to be very successfﬁl because about
98% or more of the students achieved ébout 90% or pore of the test
items set as the criterion by the researcher. However, the study
does not seem to represent é typical teéching and learning situation
in a general classroom because five people were'employed to teach
and help a class of twenty-five high ability students.: The distinct
resul; of this study seems to illustrate the effect of mastery

learning procedure rather-than the success in introducing probability



and statistics to sixth grade students.
A similar study to Shapler's was conductdf by Aggrawal (1971)
in the city of Calgary, Alberta. The main purpose of the study was
. . :ﬂ:‘ ) . .
to test the feasibility of. teaching probability to grade five students.

Two groups, each consisting of fifteen students, participated in the

study for ten instructional days. The instructional unit employed was

primarily based on Activities in Mathematics, First Course on
Probability, a Scott-Foresman publicatibn.' In addition, a film on
pgobability was shown to the students as a part of instruction. The
analysis, based on the results of ﬁrg— and post?ests, wés made and it
was concluded that it is feasible to teach probability to grade five
.students.

Curriculuh experiments concerned only with statistics were
conducted by Grass (1965) and Girard (1967). /Grass (1965) taught
a fourth and fifth grade c1;s$ a unitvincluding the concepts of
central tendéncy——mean, mode, and median. The students were helped
to devise and evaluate their own statistical stpdy to‘deterﬁing
relationships between the éxtragensory‘perception of boys and giils._
Hypogheses were made and tested using mean, mode, and median.

Students' interest and enthusiasm were reported to be very high

’the unit. However, no objective basis for conclusions wa made.
Girard (1967) conducted a qurricﬁlum experi nvolving the

development of a unit oh descriptive statiséics and graphing witﬁ'a

clasé of elementary students.: The';;in purpose of the instruction

was to develop children's ability to critically interpret statistics

i .
and graphs. Students were reported to be enthusiastic about the

41
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topic and willing to carry out speéial‘projects on their own.
However, besideé the description of the proceedings, no empirical
evidence. was gathered and reported. | |

In summarizing this review of previous related research, one
_sees that the studies before the sixties put emphasis on descriptive
statistics and the manipulation of the mathematical elements of |
statistics. Ip tﬁe sixties énd later, the studies seemed to put more
emphasis on probability con:~pts, while statistics became secondary

content.

- INSTRUCTIONAL THEORIES

Introduction

The instructional unit in this study is approached in the B
intuitive fashion; that is,. the students are expected‘to learn |
statistical concepts without formal proof. Almost all educational

vpsychologists_recégnizé the importénce of intuitive leafning'to some
degree,fand make Qse ofvihis aspect of learﬁing in their theorieé.
Skemp (1971) includes intuitive intélligence as a contrast to reflec-
tive intelligence in his theory. Dienes (1964) strongly advocates
intuitive lgarning. Ausubel (1968) also reébgnizes intuitive learning,
although to a somewhat less degree. 1In his words ". . . it is
preferable to restrict the iﬁtuitive—oriented cbntént’of the elementary
school curricuium to materials for which the child exhibits adequaté
developmental readiﬁess-—even if he can intuitively learn more
difficult, ingeniously presented material beyond his intrinsic level

~ of readiness. . . . (p. 213)." Bruner (1960), Dienes (1964),

»



Arnsdorf (1961), Brownell (1960), and Davis (1958) claim that by using'

an intuitive -approach it is possible to shccessfully teach young
children many ideas in science and mathematics which were‘é}eviously
thought much too difficult. Because Bruner is the prime proponent of
this claim; the first part of the review of instructional theories is
devoted to his intuitive learning theory.

One main purpose of this'study is to dévelop an instructional
unit in inferential statistics. The construction of such a unit
involves the preparation of materials whi;h will guide the students
into meaningful learning. The presentation of these materials to the

students is supposed to affect the students'’ anchoring ideas about

statistical concepts. - The second part of the review of instructional-

thedries, therefore, deals with Ausubel's meaningfulylearning theory.
- ' Meaningful learning, according to Ausubel, can occur only when
the learner has some relevant anchoring ideas to relate the new
material to. Bécause the third purpose of this study invblves the

investigation of the students' anchoring ideas about s;atistical con—

cepts, a review of the nature of anchoring ideas is included in the last

part of the review of Ausubel's meaningful learning theory.

Intuitive Learning

Intuition, according to Bruner (1974) in his Learning of

Mathematics: A Process Orientation, implies the act of grasping the

meaning or significénce or structure of a problem without explicit

. reliance on the analytic apparatus of one's craft. It is the

intuitive mode that yields hypotheses quickly, that'prdduées

intercsting combinations of ideas before their worth is known, that
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precedes proofs, and that furnishes.proposéls which the techniques of
anaiysis and proof are designed to test and check. - It is founded on
a kind of combinational playfulnesé. It is a form of activity which
depends upon confidence in the worthwhileness of the process of
mathematical activity rather tﬁan upon the importance of right
answers at all times.

From a psychological point of view, the child's mental dOVPlOp—b
ment involves the construction of a model of the world in his head,

;
and an internalized set 6f strucéures for rgpfesenting.the surrounding
world. These structures are organizedvin terms of perfectly definité
rules of their own. And in the course of mental development ﬁhe
structures change and-the rules govérning them also change in a
certain systematic way.- )
. L}

Intuition, when applied to mathematics, invqlves the embodi-
ment or,cqncretization of ideas, not yet stated, in the form of some
sort of operation or éxample; The child érasps a model of a certain
apbroached mathematical structure which is implicitly governed by all
sorﬁs of seemingly subtlelmathematical rules, soge of them newly |
acquired and some original. -
, Some features of intuitive thinking that seem oflparticular
importance to various intelleétual diéciplines are, accordiﬁg to Bruner
(1973), activation, confidence, visualizaﬁion, noﬁverbal ébility, the
informal structu;ing of a task, aﬂd the partial use of‘available

information. .
Activation is the first requirement of any problem solving
sequence. It refers to getting started, getting the behavior out

=
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where it can be corrected, getting the learner committed to some

track, allowing the lear  r to make an externa} summary of his internal
thought process. 1t is in essence an imprecise opening move, a

sensing of a possible or estimated way of getting started.

Althouéh before making a start on a task one must have some
degree of self-confidence, the act of starting itself increases one's
confidence in the ability té carry the task through. The confidence
of having made a start, along with a sense of the problem corrigi=-
bility, helps the learner to carry on the task. ‘

Visualization refers t§ the perception which is theelimit of
n % intuitive heuristics. When one says that he sees something/ |
often he means that he senses it in a visualized or sensory embédi—
meﬁt. This kind of embodiment permits directﬁess of grasp and
immediateness of conclusion. |

fhere is also an ability characteristic of intuitive thinking
which is nonverbal in nature. 1In such a case a person is in the state
of not beingbable to give verbal justification for why he is proceeding
as he is or why he has made a particular~discriﬁina?ioﬁ. The learner's
" .behavior is not fully under control in tﬁe sense of being translapable
into fhe laﬁguage necessary for summary, transformation, and criticism.

Intuition is'a short éut based on an informal and often.
inexpressible structuring of a task. The so-called structure may
- be nothing more than a sense of connection between means and ends or
some notion, difficult to clarify, of Bélongingness.

The partial use of available ipformation involves the reducing

of the range of things to which one attends. One may use a heuristic



involving visualization or some other shorthand way of summarizing the
connections inside a set of‘givgns. This act requires nop only a
cerfain amount of confidence, but also a kind of implicit rule for
ignoring certain information.

Regarding the translation of intuitive ideas into mathematics,
Bruner maintains that anything that can be said in mathematical form

P o

can also be said in ordinary lanqguage, though it may take a long time
to say it and there will alwéys be the danger of imprecision of
expression. According ﬁo Rruner, three problems are involved in the
translation: the problem » structure, the problem of sequence, and
the problem of embodiment.

'Whén one tries to geﬁ a child to undérstand a concept, the

first and most important step is that one must understand that concept

well himself. To understand well means to sense the simpler structure

/////fiat underlies a range of instances. It is obviously true in mathe-

matics. Once one senses the struc;ure one has to find a common
language which will transmit that structure to the learner without
much loss of precision.

The problem of sequence ihvolves.aiscovering a way to get the
child to progress from his present concept fo a more subtle grasp of
the matter. Naturally, in ofder‘for a child to understand some comn—
cepts he needs to-undefstand some other concepts firéé. For example,
a child needs to understand the concept of serial ordering before he
can be introduced to and understand the concept of transitivity.

The problem of embodiment involves discovering a way to embody

~-illustratively the middle possibility of something that does not
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quiteé exist as a clear and obseirval'le datum. The problem is to trans-
late a concept into a simpler homologue, an invisible. object whose

existence depends upon indirect information.

[}
Bruner has summ§§ up the importance of intuitive learning in

N

—
education. In his words:

. learning and teaching must start from some
intuitive level. This may be true not only of young
children entering the educational establishment for
the first time, but ¢ anybody approaching a new body
of knowledge or skill for the first time. Only a
romantic pedagogue would say that the main object of
schooling is to preserve the child's intuitive gift.
only a foolish one would say that the principle object
is to get him beyond all access to intuition, to make
a precise analytic machine of him. Obviously, the aim
of a balanced schooling is to enable the child to
proceed intuitively when necessary and to analyze when
appropriate. . . . (1973, p. 83)

Meaningful Learning

Meaningful learning, éccording to Aqéubel, invoives the
acquisition of new meanings; new meénings, on the other hand, are
the products of the meaningfdl learning. This ﬁeans that the

emergence of new meanings in the learner reflects the completion of

the meaningful learning process.

.

The meaningful learning paradigm involves two important
‘phenomena: cognitive structure, and the nature of material to be

learned. The first one, cognitive structure, refers to the learner's

present knowledge of a given discipline, consisting of the faéts,

concepts, propositions, theories, and raw perceptﬁal data that the
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his learning.

The second important phenomenon is the nature of material to
be learned. Materials vary in the extent to which the? can be related'
in some sensible or understandable wéy to an adequate cognitive
structure. Im other w0rds}'materials différ in respect to the degree
of relationship which they can exhibit to ideas that lie within the
realm of'huma? learning capability. This means there exists some
kind of material relatability'to the learner's cognitive structure
which determines the type of learping. The kind Qf material relata-
bility that ljeads to meaningful learning must possess two particular
qualities——substanti&eness and nonarbitrariness.

The quality of substantiveness means that the relation—.
ship is not altered if a different, but equivalént form of
wording is used. For example, sevéral eguivalent definitions of an
equilateral triangle maintain an unchanged relationship to the
learnér's idea of a general triangle presumably already known to him.

The second quality is that the relationship between the new
material to be learned and reievant ideas in cognitive structure be
nonarbitrary, dr'nonrandom. As in the above sxample, the relationship

between "an equilateral triangle" and "a triangle" is certainly non-
- : ’

arbitrary because it is the relationst.ip of specific instance to

A

general case.

Material possessing the two specific preperties of
relatability—nonarbitrariness and substantiveness—is in the condition
called "1ogicalneaningfulness," Evidently the material will vary in

logical meéningfulness to the degree “that it possésses these two -
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underlying qualities.
The fact that the material is logically meaningful means
only that it could be related to ideas that lie within the realm

\

of humaﬁ{learning capability. In order for the material to be
und;rstandable by a particular individual, that individual himself
must possess the necessary relevant ideas in his cognitive structure. .
I1f a particular learner does possess relevant ideas in his cognitive
structure to which the new material can be related substantively and
nonarbitrarily, then that material is said to be "pdkentially meaning-
ful" to him. . o
" The material is now in the condition of po£ential meaning-
fulness. In other words, it can be related nonarbitrarily and sub-
stantively to some hypothetical cognitive structure of a particular
learner who does possess the relevant ideas. All that the learner
needs is his "intent" to do so. If the learner has a "meaningful A
learning set," which is the intent to reiate,fhe material non-

arbitrarily and substantively to relevant ideas -in his.cognitive

structure, then meaningful learning takes place.

2
Meaningful learning, in summary, requires that these three

conditions ‘hold: (a) the material must be relatable to some hypo-~'
thetical cognitive structure—nonarbitrarily and substantively,

(b) the learner must possess re}evant idegé in his cognitive structure’
to relate the material to, and (c) the learner must possess the intent

to relate the material to his cognitive structure nonarbitrar®’ and

substantiveiy.

Meaning now occurs as the completion of a meaningful learning

-
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.process. It is the differentiated cognitive content, or content of
awareness, which emerges wheq)potentially meaningful material is
incorporated into cognitive structure in a nonarbitrary and sub-
stantive fashion.

According to Ausubel, there‘are three kinds of meanii .ul
learning—representational learning, propositional learning, and
concept learngng. Representational learning refers to th learning
of the meaning of individual sym s, éuch as spoken or written wordsq
representing objects. Propositional learning refers to the learoihq
of the meanings of sentences or syntax. - And concept learning refers

Lol
to the learning of the meanings of a class of objects that are grouped

together because of their common characteristics or criterial

attributes. There are two Sypes of conéept 1earn1ng, called concept

<

)
3 ﬂqg
formation and concept assimilation. Concept form i on JS ‘hﬁ typical

learning of young children who inductively discover the’cri@érial
! . RN

'aﬁtributes of/A’clasé of stimuli by themselves. Concepcwasyimilation,
on the other hand, is the typical learning oﬁ school children, in which -
the criterial ettributes of a concept are generally presented to them:
by some kind of definition. 1In relation tg the” instructional unit in |,
this study, the conceot learning is more of ;he*soncept assimilation
type than concept formation because students at the grade oine level
‘have a good command of the language and have relevant experiences to

which the new concepts can be related.

, . <.

Anchoring Ideas

According to Ausubel, there are three principal variables

influencing meaningful reception learning. The first important

-



variable affecting thf incérporability of new meaningful material is
the availability in cognitive structure of relevant anchoring ideas or
subsuming concepts at an appropriate level of inclusiveness to provide
optimal anchorage. " A second important factor affecting. the learning
retention of a potentially meaningful lJearning. task is the extent to

¢

which it is discriminable from the establishéd conceptua. syspems that
subsumejit. And the last one is that the learning and longevity in
memory of new $eaningfﬁl material are functions of the stability and
clarity of its anchoring ideas.;

Each of the three principal variables described above involves
the nature of anchoring ideas as they affect learnipg. In relation to
those "hree variables, availability, discriminabik@ty,and stability of
anchoring ideas, Ausubel.furthér illustrates the situation. If
specificélly relevant ideas are not available in cégnitive structure
when new potentially meaningfﬂl'material is presented to a learner,

‘what'haépens? I1f some e#isting, though not entirely or specifical}y,
relevant se£ of ideas cénnot be utilized for assimilative purposes,
the only alterna:® _ is rote learning. .More typiqallf, however, less
specifically gelevant ideas are pressediinto service. fhe outcome is
1éither a form of combinationai assimilation, priless relevant gorrela-
tive subsumption. As a result, in either case, less efficient
anchoraggiof the new material to cognitive structure occurs, bringing
about ambiguous orrelatively unstable meanings with little longevity.
These ambiguous and unstable ideas not only pfovide inadéquate

-~

relatability and weak anchorage for potentially-new materials, but

also cannot be discriminated from them.

o
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Sometimes appropriately or specifically relevant subsumers
are available, but their relevance is not recognized. In such cases

the same outcome as above may result. In either case, for meaningful

~verbal learning situations, it is preferable to introduce suitable

a

"organizers," ‘or introductory materials a igh level of generality
and inclusiveness in advance of learning material. The introductory
material serves an assimilative role, replacing rel}ance upon the
spontaneous avgilability or use of less a pYiate anchoring ideas 1in

cognit’ ve structure.
SUMMARY

Several influential reports recommend the inclusion of proba-

bility and statistics in school curriculum from elementary to high

school. The mathematics program in Alberta also indicates the movement

toward that trend by including some topics of probability and statistics

scattered through the school curriculum. However, the instruction of
the subject at junior high gchool level or lower is only an option,
and constitutes a very small portion of teaching time.

The amount of empirical evidence .lable for objectively
. S

judging the feasibility of teaching probability and statistics at the

junior high school level or lower is relatively small. However, _

curriculum experiments incorporated with some learning theories as a

basis for instructional approach do suggest that teaching certain
concepts of probability and statistics to young students at the level
. b

of junior high school or lower ¢ be feasible.
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CHAPTER 3
.
CONSTRUCTION OF THE UNIT

One main purpose of this study is to construct a unit in

inferentiil statistics for grade nine students. This chapter describes

the detail of that construction. The beginning section of the «hapter
is about the assumptidns concerning the constructibility of such a
unit, followed by the description of the general plan employed as a

guideline in the unit construction. The three main aspects of the

general procedure are: content analysis, instructional analysis,

and pilot study.

ASSUMPTIONS

As a starting point for the construction of a unit in infer-
ential statistics, the assumptions about the unit constructibility
in relation to the approach, content, learner, and major prerequisite

. - |
course are stated as follows:

1. Approach: Bruner (1960), in his Process of Education,

makes the hypothesis that:

Any. subject can be taught effectively in some
intellectually honest form to any child at any
stege of development . . . (p. 33).

One ~ay to achieve the aim suggested. by ‘the above hypothesis,

. - l'_;\
R - B . . .
z-rorA‘: . to Bruner, is to make use of thgjlésg%er's intuition. This
_.’;. . . I:
- : b v T . o
br.. ibout the useg of an intuitive apﬁgg;éﬁ in teaching a subject.

z
The intuitive approach is still a general approach which needs
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clarificaéion with respect to the context, in this case the development
of a unit in inferential statistics. It is assumed that an appropriate
intuitive approach can'sefvé A~ the instructional means to enable the
majority“of grade.nine stu.ents to zdequately learn the concepts of *
inferential statistics, anc tbt . is possible to build such an

i

approach into the unit dufring its development.

2. Content: Bruner (1974), in his "Learning of Mathematics:
_A Process Orientatidn," states that:

When we try to get a child to understand a concept,

leaving—aside now the question of whether he can "say"
it, e first and most important problem obviously., is
that” we as expositors understand it ourselves . . . to

understand something is to sense the simple structure

that underlies a range of instances, and this is notably

true in mathematics. (p. 172)

The second assumption about the unit development is related,
in a sense, to the statement by Bruner in that it is assumed that
the content of inferential statistics can be reduced to an appropriate
simple structure such tFat it can be adequately learned by grade nine

students.

"3. Student Background: Sawyer (1973), in his book

"Mathematician's Delight," in answer to questions such as, "Why' should
such fear of mathematics be felt?" "Does it lie in the nature of the

subject itself?" "Are great mathematicians essentially different from

other people?" remarks that:

.. quite certainly the cause does not lie in the nature
of the subject itself. The most convincing proof of this
is_the fact that pedple in their everyday occupations—
when they are making something—do, as a matter of fact,
reason along lines which are essentially the same as those
used in mathematics: but are unconscious of this fact, and
would be appalled if anyone suggested that they should -take
a course jn mathematics. (pp. 7-8) i ,
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The third assumption in relation to the unit devélopment con-
cerns the jusﬁificatioﬁ for believing that grade nine students have
adequate'background in statispical reasoning,appropriate for tbe study
of a unit in inferential statigtics. In several iﬁstances of everyday
siéuations students unconsciously know how to use the important basic
éoncepts of ‘inferential statistical reasoning. For instance, if the
studﬁhts‘are asked, "What do African people look like?",.normally
what they have seen of some African people will help them point ou;
some characteristicé as an answer to the question. This means the
students unconsciously use the very important basic inferential
statistical way of reasoning;—generalizing_fromva particular to a
general or from the seen to the unseen, which is equivalent to
reasoning from a fraction of a whole (sample) to the wholé'(populatiOn).

It is assumed that the above mentioned inferential statistical
reasoning serves as the sgudents' relevant anchoriﬁg idea, making ‘it
possible for them to unde;stand the materials to be developed in the
unit. And the relevance of such background will be inéorpofated into
the instruction of the unig.

4. A unit in inferential statistics without a prior course in

probability: Tt is assumed that inferential statistics with its
speci;i mathematical features cahyse adequately learnediby students
who do not have a prior formal course in probability. However, some
iﬁ£uitive concepts of probability may need clarifyiné, but those
concepts- can be introduced to the.studeﬁts during the process of the
unit instruction. As evidence to 'support this'jﬁstification, a lo;

of people who kndw statistics quite well often admit that they do not




know very much about probability, -which actually refers to the formal

theory of probability.

56

The National Advisory Committee on Mathematics Education (1975)

makes a statement concerning the present shortage of good statistics

“texts in the schools. They feel the shortage is due to the fact that

generally statistics is treated as merely the application of the

probability theories. This committee's statement -agrees, in a sense,

with the assumption that statistics can be independently taught:

In spite of the rather widespread belief that statistics

is a branch of applied mathematics, statistics has important
extra mathematical features to be presented along with the
mathematical method. In contrast to the case of probability
proper, interesting and authoritative teaching materials in
statistics at the precollege level are hard to come by.

(p. 46) ,

(€

In summary, one can make the following assumptions about the

constructibility of a unit in inferential statistics: The intuitive

approach employed in the unit can be appropriately devised southat

the majority of grade nine students can adequately 'learn the statistical

con;epts tq be taught. The content of inferential statistics can be
reduced to an appropriate simplé structtire to be adequately learned
by grade nineAétudents. Grade nine studénts are assgmed to have
relevant béckground, in particular familiarity with important basic
inferential statistical re#soning’by which-théy:ban further study
the unit: in inferential statistics. And a unit in inf;rential

statistiés can be constructed and taught to grade nine students

without heavily relying on the theories of probability.

[
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GENERAL PLAN FOR THE UNIT DEVELOPMENT

In a mathematics program of iinstruction, according to Gagné
(l§74), there are two. broad categories of factors which potentially
influence mathematics learning. The firgt of these is called the
"instructional variable"; and fhe second category involQes the content
which is called ftopical order." Romberg and Devault (1967) have
presented a developmental model of the instructional program. The
first stage of their model is the analysis stage which involves an
_ analysis of- the mathematical content} followed by an analys's of how
to communicate the content to the \students. It is apparent.then,
that these two sources share the opinioﬁ that instruction. and content
are the.two maﬂpr variables influencing mathematics 1¢arning.

These two major variables were used at the beginning of the
unit development, adapting the analysis stage of Romberg and Devault.
The pilot study was conducted in order to judge the appropriéteness
of the unit before going on to the final form. Figure 3.1 illustrates
the flow chart of the general plan which was.used aé the main guideline

for the unit development.
CONTENT ANALYSIS

The content analysis starts witg)ove;viewing a simple
structu.c of inferential statistics in which one can see the impoftant
‘components and the relation;hips among them. The overview df the
structure, incqrporated with the content recommended by some influ-

ential reports, brings about the outline of the content for the unit

as described in the second section. The third section deals with



|

Content Analysis

Instructional Analysis

o
B 2

First Development of the Unit

Pilot Study

Re-analysis: Content and/or Instruction-

Final Develdpment of the Unit

Feasibility Assessment of the Use of the Unit

Figure 3.1 .

‘General Plan for the Unit Development
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the prefequisites, while the fourth section specifies the objectives
of the unit in terms of student achievement.

Overview of a Structure of
Inferential Statistics ) .

N

The simplest structure of infereqtiél statistics caﬁ be viéwed
as consisting of three basic components: |
1. A set of data which is referrea tb as "a population."
2. A subset of a population which is ;eferred to as "a
sample."
3. An attempt to get the knowledge of a population by the
information from its éam§1es.; ‘
The first component of. the simple structure is a population.
A set of data, either finite or infinite, that one wiéﬂes to study
or about which one wishes to maké inferenées is considered a popula-
tion in the genefal gense. AA population EOSsesses certain character-

|

istics that describe its various aspects, such as, a distribution,
i :

central tendency, and variability. Thesé characteristics of a popula-

|
!

tion are called "parameters." Therefore a.. arameter describes a
P - )

population. /R

Similarly, the second component [ié a sample which'represents

a part or a subset of a population. A sample alsb possesses cegtain
T : : Y

characteristics equivalent to those of/a population, such as, mean,
median, mode, and variance. In contrast to parameters of a- population,
these characteristics of a sample are called "statistics." A statistic

- describes a sample in the way a parameter describes a population.

Therefore Statistics (a subject), which only involves the manipulation
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of charaéteristics from a set of data, either a sample or a popula-
tion, in order to describe that set of data, is calied "deggt}ptivé
statistics.”

The third component.is an attempt to make inferences about a
population by using information from a sample taken out of that
population. There are two very important basic ideas under this
component; they are estimation and hypothesis teﬁfinq. The idea of
estimatioh is to produce a statistic from a sample which is regarded
as an approximation of an equivalent parameter of the population from
which the sample was taken, as in the case of a sample mean as4the
estimate of a population mean. Hypothesis testing is the idea of
judging the status of a parameter statement, that is, a stateméit\\'
about a population's characﬁeristics; whether it is true or false >\\
with regard to a céftain criterion applieditO'iqformation from a
sample. As in the case of testing the simple hypothgg?s, or statement,
that a pogulation’mean equals a certain constant, a sample mean is
uéed along with some statistical procedures to judge the original
statement. h

4From theséi“plest'structure consisting of the three basic
components, one can move to a mofe complicated structure by adding
various statistical conéépts to each of the three components.
Following are some important basic conceéts of inferential statistics
which wefe added to the structure.

The Concept of Random Sampling: Thié concept can be viewed
as belonging under thé third éqmponent of the structure-—an ‘attempt-

to get the knowledge of a population by its samples. It is a procedure
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for selecting an unbiased sample from a population and may be either
a simple random sampling, such as sampling with or without replacement,
or a complex random sampling, such as stratified sampling, cluster
sampling, and two stage sampling. This concept is very important
to inferential stutistics. It involves samples,. estim:i: . lculated
from them, and the ideas of characteristics of the popu..- .onafampled.
The Concept of a Sampling Distribution: - This concept is

. . . . . . * .
basic to the entire branch of inferential statistics. A statistic
or an estimated value calculated on a sample is said to possess a

| "
certain sémpling distribution. As an example, a sampling distribution
of a mean of a sample taken from a certain populdtion is said to’
possess a normal distribution. The concept of sampling distribution
helps us to know the behavior of a statistic, which is a mathematical
fact, in order to assess the representativéness to be expected from
random samples thus leading to the knowledge of a p?éulation.b
i ; "

- .~ The Congept]
S
nd;mal-distribggﬁ’
A% - /

Many'Spaéistical techniques rest on the assumption that the freguency

a Normal Distribution: The concept of a
. . D : .
is very important in inferential statistics. ~

Ry

N . .
distribution of scores on a variable in a population is adequately

descriﬁed as a normal distribution, and many other important theoreti~

cal distributions, sﬁch aé t—diétribution,>chi square distribution,

and F-distribution, are based on the normal distribution theory. A

normal diéﬁribution is attributed to both cmpirical fact and mathe- L,
matical fact. As an example of émpirical facts, the biological

measures such as height, weight, and intelligence of a large number

of people are found to possess a normal distribution; and. so is a



aistribution.of errors in measuring an object. For mathematical
fact; the concept of a normal distribution itself is a mathematical
invention which is determined by two parameters, mean and standard
deviation. The concept of a normal distribution plays an important
role in"a well known mathematical theorem—the central limit theorem.
The theorem essentially states that the distribution of the means of
randoﬁ.samples taken from a population with some for; of distribution

will approach a normal distribution as the sample size increases.

Content Cutline "

i

In selecting the Statis£ica1 content to be included in the
unit, three bases for consideration weré used—psychological, ,
social, and mathématical.

Th; psychological bééis for justification of courée content
in this stqdy relies 6n Bruner's point of view regarding the structure
f a subject matter ana rggarding cégnitive'development. Bruner (1960)
émphasizes the importance of a structure: (1) Understapdingva
structure—the fundamentais——makes a subject mofe comprehensible,
(2) It relates to human memory in that if detailed materi;l is ;
placed into a stfucture pattern it is conserved in longrterm memory,
and (3) Understanding %Fe structure of a subject métter is the main
road leading- to adequa#e transfer of training to application.

In Bruner's théory of cognitive -development, he suggests
tﬁat a child internalizes learning ma£erials via three modes of
content representétion: a set of actions—enactive, a set of
pictures—-iconic, and a sétrof symbols—symbolic. Bruner further

suggests that any subject cén'be taught to any child in an

e

N
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intellectually honest form, by which he means the content structure
to be taught can be put into an appropr;ately simple structuré and
then presented through appropriate learning represen?ations as
mentioned.

‘Brunef's point of view, therefore, concerns the developmental
’process in‘learning and the nature of the content to be learned. Tﬁe
.¢onsideration in selecting the statistical content to be included in
the unit is concerned.with the question of what statistical content,
in particular what aspects of the strﬁcture of basic inferential
'-statistiﬁs, isiconsidered to be worth including in a course for
grade nine stﬁdenﬁs according to Bruner's point of view. Furthermoré,
what is the most advanceé statistical.topic to be included in the
structure such that the content consisting of that advanced topic,
along with the subordinate topics, can be appropriately modified'and
presented.through appropriate, learning representations for grade nine
students. . ' .

N

Social justificatiop is based on the repggfg of various
influential studies, such as fhose of théJCambridge Céhference, the
VCollege Entrance Examination Board and others, that recommend the
-inclusion of probability and statistics in the school curriculum on
the basis of its importance and usefulness for various occ&pations
and everyday life in modern societv. The College Entrance&ExéQin;ti“
Board Commission OH Mathematic:z (1¢5¢ recommendea the inclusioh of a
course in probability and ¢ tistics in the sécondary schooi curricu-
lum and emphasized its'importance as follows:

‘ So great is the current sqientific and industrial
importance of probability and statistical inference -
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that the Commission does not believe valid objections based

on theoretical considerations can be offered to its inclusion

in the curriculum. . . . Not only is there a great demand in

a wide variety of occupations . . . but this material, more .
than most secondary school mathematics, is closely related

to problems-of daily living (p. 32).

Furthermore. various influential reports recommended content

) ; . . iR
outines which proposed the inclusion of several statistical topics.

) . et . ¢ N o . .
These statistical topics are taken into consideration in selecting

’

the statistical content to be\included in the unit. . : L,ﬁgrf

Mathematical justification is based on the mathematical

’

features of statistics illustrated by the use ~f mathematical pro-
cedures.. As pointed out by the Naticnal Advisory Committee on

Mathematics Education (1975), ". . . statistics has important extra

v H . s

mathemétical features to be presented along with*%ﬁé&ﬁé@ﬁéﬁﬁtical
method" (p. 46); sﬁatistics is a kind of matbématic§ and anyﬂﬁtatis—
tiéal cOncept§ can be viewed as matheﬁgtical bonéepts whichrfofﬁ tﬁe, ‘
é£ructure ofvstatistics.. Therefore, in cénsidering'the ﬁtatistiéal
content to be included in tﬁe unit with respect tq a mathemat&?&l

basis for justifitation, emphasis was placed on the selectioﬁLoff’
basic‘statistical concepts to form a statistical structuré, and th;
use of mé;hematical prbcedures to illustrate those various statistical
cohcepts. ¢ ' T
Two reports, among severai thaf advocate the  inclusion of
statistics in school curricula, have presented course outlines. The
first repdrt; the Cambridge éonference oniéchool Méthematicsgxl9633,
has proposed mathematics curriculanfor gradés<;?l2, pfégehting two
”ﬁopical outlinés. Both outlines have incl dedjéro ability and

o

statistics at the junior high school levgl, the most advanced'topics 
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h5

.y .
N
v

included being statistical estimation and hypothesis testinq. The

recent report by the Committee on the bndergraduate Program in

Mathématics——1ntroducto:xﬁStatistics Without Talculus (1972), has a so
proposed a course outline which includes such topics as statistical

description, normal distribution, central limit theo:rem, point estima-
tion, and confidence interval estimation.

9

Along with the psychological, social and mathematical considera-

L (..

tions in selecting content, the choice of content for the unit in

v .
w

this study follows cibéély that content recommended by these two influ-
ential repdéts;'statisticai estimafion being selected as the most

advanced topic in the unit. In order to fit ﬁhe unit into the struc-

ture of inferential statistics as deséfibed in the first section of ,
the .content analysis, some fundaﬁental statistical concepts wergi§dded

to each»of the three compénents. Figure 3.2 illustrates the devélop—
"ment of the conteqt outline with reépect to a defined structure of

inferential statistics as employed in this study. ' o

> A

The first component consists of the concept of a population S

I

RSN
R R

along with the deécription of some &f its characteristiés Sf:paramqaefs.
The secénd component consists of the concept of a sample and aIso‘? _ . 'Jf

the description of some of itk characteristics or statistics, such.
. . . ‘"3.1 .

#

as, a frequency distribution, central tendency, variability, and ‘

score transformation. The third component, an attempt to link the

b
“r

first two components.to get the knowledge of a populationg;consists.QJ

] >

of the concepts ofiéimple random sampling, a samplihg distribution, '

and statistical estimation. ' - . =

L

’ The c¢concepts of_frequeﬂéy distribhtibn, measures of central
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Component 1
(Population)

Component 2
(Sample)

I

j

|

Characteristics

,‘gl

‘l

l a parameter l

[a statistic

L

}

Distribution Meas. of Central Tend variability Transformation
- i - " I
"
Symmetric mean, median, mode range, SD, Vir maan, SD, standard
- score '
Triangular D
.
A normal
U shaped . distribution
Rectangular .
X l Component 3, the linkage betwesen components 1 and 2 J
‘4‘;' .
“ﬁ ‘1[ Random supling] Sampling Distribution Statistical estimation
' Tk \ I
Simple sampling: with Distribution of 1. A big sample distrib.
and without replacement N ‘X" a sample mean .to estimate a pop.
- distribution.
= 2. A sample mean to
estimate a pop. mean R
Piqure 3.2

The Content Outline Flowchart of the Unit Lo
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.program of instructi®n with the following content outline: A;;
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tendency, and measures off variability are included in the unit on the

basis that they are fundamental underlying principles in the statistical
W 4
A
structure. The concept of score transformation is included on the

-t

basis of its importan—e in statistics; statisgical data generally can

be t;ansformed into a form which is convenient to hanéle, for'instance,

any normal éistribution can be standardized. The concept of.score-

transformation also helps to illustrate the properties of some descrip-
.

tive measures of the data characteristics, such as, a mean and a

\

variance.

The concept of a normal distribution is selected from various
. v
types of frequency distributions in order to emphasize itsximporpance

in describing the distributions of a population or a sample, and also
because of its role in ‘the centrai limit theorem.
: P

- ‘ Y )
To illustrate the conceﬁ%vof random sampling distribution, .

the central limit theorem or a distribution of a sample mean is

I
] B

, selectéé to be included in the unit. The central limit theorem is €§~'

' , A
basic idea in understanding the concept of a distribution of a

statistic. Moreover, the concept of the central limit theorem will
also help in'understandiﬁg the concept of statistical es;imation,,in
particular, using a sample mean to estimate a pépulation mean.

In summary, the unit.is intentionally planned as a therent'

R

1. Populatioﬁ and samples

2. Simple random sampling with and withoﬁt replacement

3. Frequency distribution which .includes:

@ ~ Frequency.distribution table
. V A . ’ X i ) -
Do R -

B » . ) o




o - A histogram

- A frequency polygon

- Some shapes of the frequency distributions i
: i

- Using a sample distribution to estimate a populgtion
: N

distribution.
4. Measures of central tendency which includei“
~ mean A - ;
- med§an oo N é
- mode
5. Measures of variability which include: o
- range
- vériance and sténdardddevi;*
‘ 6. Score transformation
- the nature of a mean andxg stahgard deviati&n iﬁ
transformed scores - ’
fhe standard scoresg@j

7. A normal distribution

8. Cenﬁral limit theorem :

‘

- A distributiorn of the sagple_meaﬁg taken from a normal

ey

population

9.~ Point estimate ’ - - N

9

- A sample mean as the estimate of a population mean.

R T

The unit in bagic inferential staﬁistics employed in this s;&ﬁ;,
like most other mathematics courses, depepds on some preVioué-matﬁe at-

ical knowledge for the learning of the Aarious doncepts ihclﬁded in the

57



unit. As a justification for the units, and also a guide for the
teacher, the students' prerequisite mathematical knowledge or skill
is analyzed. ) 7

By investigating the content outline for the unit in ﬁhe
previéus section, and considering how deep‘dﬁd wide a scope of topiés
it is ihteﬁded grade nine students Ehould.cover, the prerequisites can
be determiﬁed,_ This unit is'intentibhally developed in sﬁch a way

¢° that it contains as few prerequisites as possible, each of which

. i

needs no sﬁbstantive background, so that the teacher can take a short

2L
A w !
time and insert a required concept during the course of study. The

following ;re conside'red as the érerequisites%
l.é Skill in numeficai mahiphlation such as adding, subtracting,
multipiyiné, dividing, and finding a square root. This prerequisite
is fuhéémgétal to most math courses.. Althoughbthe mathematics course
outline for Albefta junior‘high schoois'has beenvinvestigated and if
has been’judged that grade nine students should have sufficient experi-
- ence ané skill in the use of mathematical fundamental process, this
érerequisite certainly needs to bé assessed by the tezcher beforév
using the unit. “
2. Graphing skills: Sfatistics by nature use§ a lot of
graphs'tp illustréte concepts. Grade nine students ;eéd both fémili-

~

arity with the concept and skill in reading,‘intergreting, and con- -

~

structing various graphs.

3. :Intuitive concepts of probability: This unit does not

requige a formal knowledge of probabilitY‘as a major prefé@uisite, - ..

69

L/_"'

&
as previously explained:in the assumption. However, there may bé

K

M-
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{ some topics or éoncepts related to probabilityiideas that the teacher
can explain to the $tudent; in an intuitiveiway. For example, in
sampling, a score with the most frequency in a given set of scores is
more likely to be’ included in'a'random sample than one with lesser

4
frequency. ' : , o

Specific Objectives of the Unit
In relation to recommended objectives of introductory statis-

tics courses, the Committee on the Undergraduate Program in Mathematics _4£

£

(1972) states that:

When one considers the variety -and extent of the demands
for an "ideal" first course in statistics, one recognizes
the impossibility of having any one course come even close -
to the ideal . . . (1972, p. 3). :

However, the Committee does present guidelines for setting

>

objectives'for the course. One such guideline is:

I

.4 o v -
The introductory statistics course must have limited
objectives. Otherwise, it is likely that none of the
objectives will be met adequately (1972, p. 3).

Similarly, the specific objectives of this unit must be
determined in order to have centrél:guidelinesﬁfor the teaéhing,s
:1éarninqanuievaluating process during the‘course éf study. Following
are eiéht objectivés derived from the conten@,outliqé of the unit.

The students who study the unit should be able to adequately

37 . < . . O . . .*\;‘.
learn the following concepts: o : - i

R

* 7 .
A% .. 1. A population and a sample

+

.
“’}a‘* 3 i

2. Simple random sampling with and without replacement

o

nd measure

3. How to organize daﬁ?, and-how to describe
,h'l:va.v - = ’

. some ?mpdrfant,charaéieristics of a'set of
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4. The nature of transformed scores
5. The basic idea of a normal distribution
6. The basic idea of the central limit theorem

N

7. ‘The idea of using some characteristics of a random sample
to estimate those e%ﬁa population:
- a eample di;tribution to estimate the shape of a popula-
tion distribution .
- a sample mean as a‘boint estimate of a population mean

8. How to apply. the statistical concepts in the unit to

some unfamiliar situation.

e

INSTRUCTIONAL ANALYSIS

Once the content analysis has been made, and a set of statis-
tical topics to form the intended structure has been chosen to be

k.

1ncluded in the unit, then the problem of how to communicate these

and t = dec~ription of the intended lessons are presented. - ( “\
v . -Gerera .pproach ' o -
v ‘ Practically everybody possesses some degree of mathematical N

. _ .
1ntﬂ1€ion——grade hine students are no exception. What intuition is,
o -{";

K i3
agd how if relates to learnlng, were described at length in Chapter‘2

-and will® not_be repeatéd 1n detall aga&n.
\ - 4 '

ra g ; R
L B EE . B

~e e ot . - N f
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‘graphs, and the students are expected to do some experiments illus- -

72

N

_Intuition, according to Bruner (1960), is "the intellectual
tecﬁhique of arriving at plaudsible but tentative formulations without
going through the analytic steps by which such formulations would
be found to be valid or invalid conclusions” (p. 13). He suggests
that the nature of intuitive thioking should be recognized and made
use of in education, in pafﬁioular to establish anvintuitive under—
standing of maeeriais before the students are exposed to more tradi-
tional and formal methods of deduction and proof. He emphasizes that

learning and teaching start from the intuitive level for not only a
« B

young child but for anybody_approaching new knowledge for the first
time. In his own words: ' - ' ‘Sﬁ;

. e . learnihg and teaching must start from some intuitive
level. This may be true not only of young chlldren entering
the educational establlshment for the first time, but of
anybody approachlng a new body of knowledge or skill for

the first time. Only a romantic pedagogue would say that

the main object of schooling is to preserve the child's
intuitive gift. Only a foolish one would say that the
principle object is to get him beyond-all access to intuition,
to make a precise analytic machine of him (1973, p. 83).

v

Since the upit iR basic inferential statistics is considexed

”"”\n;‘. ’ . R 2
to be é»hew hpdy of knowledge approached by grade nine students for

the first time, the intuitive and 1nforma1»ﬁéthod was chosen as the
general 1nstructlon§1 approach to be employed in the unit. The

statistical conceptslare.illustrated by using examples along with

N

oy

trating appropriate”gsncepts. - Teachers .are to use an informal and

inductive procedure to pfesent the intended concept. -

‘Besides heing useful as a;generalvinsﬁructionallapproach, the .

\
i3

= - . ) .
intaitive fashiop is justified for use within the unit according to

L7 »

e " ) : o
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Bruner's point of view as already describedkhbThe unit is intended
to emphasize the structure of baéic inferential statistics without
heavily relying on probability tﬁeory, but rather, the intﬁitive
experience of the coqcept. To this end, the intuitive approach is an
appropriate means of communication.: Two iﬁfiuential reports, the
Committee on the Undergraduate Program in Mathematics (1972) and the
_National Advisory Committee on Mathematics Education (1975), strongly
advocate the idea of not putting too mﬁch emphasis on probability,
but rather on basic statistical cdncepts. The first report ;ecommends
thét the méin objective should be to promote~an understanding of basic
§£atistical concepts, rather thén extensive Qtudy of probability
theory or the theory of‘statiétics. The second-report recémmends that
S ;
statistics has its own mathematical feature to be presented along with
mathematical method—it QOes not have to be just the application piiyf
of probability theory as seems to be the belief in many curriculus |
developmenEE. The fecommenaations by these two reports imply the
use of an intuitivevapproach to carry through tﬂe instructional éro~

cedure of the intended statistical concepts.

Instructional Strategy

The instructional variable is very important to the deQelgp—

" -

ment of an instructional unit of any selected content. ' The general"”

intuitive instructional approachAof this study’as descrilStd

N . [ .
previous seetiion, ~was presented in general terms as the"-:
: l ' : .
v Xy )
of instructional variable to be used. For facilitating the™develop-
I & ’

merit of the instructional materials‘in,theigggt and also the guidelines
. ¢ .

for the teachers in using those mater%els, specific¢ instructional
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metﬁgsology or instrhctional strategies which are aléng the lines of

the se ;éd general instructional approaéh were designed. The

attempt is made to describe the instructional strategies employed in

this study.. However, one has to recognize that it is almost impossible

to single out every instructional straiegy employed in developing‘the
instruct%§;al materials of the whole unit, or every instructional

strategy used by the teachers throuéhout tﬁe'long session of teaching

the uﬁit. Therefore, only the main instructional strategy emplbyed N
in this study will be described.

The rationale for atgempting to describe the main instructional

l;" ~

strategy employed in this ééﬁdy can be viewed as an experimental .
control on the instructional variable. The instructional variable is
an important input-to the study and essentially determines the outcome

of the study. Therefore, thénmin ihstructional strategy emploYed‘;Rb p,

be made as clear as possible in order that tight replication of the
study be possible in the future.

The desiéhated instructional strategy employed in this study

_§§‘§e8cribed.by hsin@&;he ideas and preliminary taxonomy of Merrill

and Wood (1974);‘ Héﬁgggr, the ideas and technical terms proposed by

Y
)

By
the two writers nee® clarification in various stages before the main

L

instructional strategy can be fully defined. The ideas and technical
terms will be déveloped and discussed first by.relating.them to the

cbntex% of £he,}pstructional unit employed in this study because -then -

one can understand the actual meanings of those ideas and technical
terms particularly as they are used in this study-<_ o

An instructional strategy, according to Merrﬁ@l and Wodd- K <

\
\
i
/

s
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(1974), can be characterized as consisting of two or more instructional
displays 1in a specified sequence. The definition of an instructional
strateqgy squésts two majaor classes of variables: (1) display
charactéristicg which concern the characteristics of a given instruc-

tional display, and (2) interdisplay relationships which concern the

relationships between one diéplay and another display that form a

sequéncé. Display characteristics will be illustrated first, followed

by interdisplay relationships.

Display Characteristics

.t
e

,Display chdracteristics are defined in terms of variables and

their associated parameters. Each individual display consists of

'eigpt display variables, each of which contains various parameters.

b

‘Figure 3.3 il%gsﬁrates the names and the assigned locations of_ those

oSN

variables and their parameters in the model of a display. _ ,

e Fromf!%is'model of display characteristics, one can identify

" an instructional display as the presentation of those eight variables

witﬁ‘appropriate gpr;meters._ The eight display variableé can be’
divided iﬁto two qat;zoriES; the content oriented variables and the
. ' E .
learner oriented vérfaples, or the input vafiablgé‘andvthé output 
variabiesy“They are in pairs as (1,2); (3,4); (5,6); (7,8) aé shown

-

-

— . . o . . . .
in ¥he model. The eight Variables in the form of designated pairs,

along with some of the parameters»employed'ih the unit, will be illus-
trated by using exémples related to statistics in order to show their

‘defined meanings as they apply to this study. o o ,

~
U

<
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3 4
1 5 6 2
7 8

Content Type [Identity (ID); Concept (C); Rule (R)]

Response Conditions [Dlscrlmlnated Recall (DR), Cla551f1catlon (CL);
Ry s ing (RU), Rule Finding (RF)]

Content Representation [ﬁnactive (0); ICQQ}J }; symbolic (s)1

Respbnd‘Representation 'mractive (0); Ico%yb (P); Symbolic (8)]

Mathemagenlc Promptlng {None (no); Mnemonﬁc (mn) Attribute
Isolation (ai); Klgorithm (al):
Heur%stlc (he)] .

Mathemagenlc Feedback [None (no); Right/Wrong Knowledge of Results
(r/n); Correct Answer Knowledge of Results
(ca); Mnemonic (mn); Attribute Isolation (ai);

Algorithm (al); Heuristic (he)]

o

"Display’ Charactenxstlcs L
(Merrlll and Wood, y x‘LS)

Figure 3.3

Instructional Model o,
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e

1. Content Type: In this study ohly the word "concept” is
) o ’ -
used. Actually all three parameters of the content type, ID, C and R,

are also included in the content of the unit as illustrated:

2

1.1 1Identity: X is considered as Identity because it

associates on a one to one basis with the word "mean." "’

1.2 cConcept: "Sample" is a concept because it refers
oS .

to a collection of any non-empty Subsets of a population.

1.3 Rule: "A rule is an ordered relétion consisting of
a set of domain concepts, an operétion, and a set of range concepts"
(p. 22,.l For example: '"mean is equal to theugptal sum of a set 6f
data divided by %hg total numbégibf data" is a rule because £he total

- ~ _ :

sum of data (Ix)" and the total number of dsa, (N) ‘belong to a set of
domain concépts; %? i§ a proceéure for describing one concept by
means of‘others——therefofe is an operation; and "mean" is the element
of a set of range concepts. N
Q. Response Conditions: This variéble refers to the logical

~

* justification of the learner's response based on the conditions

surroutiding the request'td respond.

.» ', 2.1 Discriminated Recall (DR): To identify the name
for each given identity, ag in, "Write the name for each of these - —r
. R : i
statistical symbols: X, Md., s." . o : ’N?’a"

2.2 Classification (CL): To identify the class membership
as in, "Which one of the following: mean, variance, range measures
the central tendenty%"
\4. "‘ ~ ’;: ' . - - o, .‘ . 3 ) ' '
A 2.3 Rule Using (RU): Referring to JLhe definition of a

rule, RU is to find the range concept when a domain concept and an

. : , : L s

) ) . . N - : o '
W el ) R X . * .

&

P

*



O ralion are given, a ample:  "Find the mean of a set of
data (i, ., 31, 4) where o 1s' the same as the averaqge.”
2.4 Rule Finding (RF):. Referring again to the definition

of a rule, RF i1s to find an operation when domain and range concepts

are d1ven or KnLown, as oin the example: "siven a set of data, 1, 2; 3,
R ‘ N . v . "
15 and the median 15 2.%, show how to et that median.
1. Content Mode: "All organized subject matter consists of
referents which have been grouped 1nto classes such that these classes

are or can be related by propositional statements" (p. 35) is the

definition of the content mode. Referents are objects, events or
: |

|
, .
symbols and propositional statements are sentences that relate concept

‘

labels by means of relational concepﬁ labels Content mode 1is

recorded either as a propositional statement called a generality (G),

»

%

or as a presentation orf the referent, or some high fidelity representa-

tion of the referent, called an instance (eq).

3.1 Generality (G): 1is illustrated by the following

examples:

ar For a concept: "A sample is any nonempty

subset of a population.”

b. For a rule: "To find the standard deviation of
‘a set of data, work through the following steps: . e e e e .

(with each step stated in general form).

~

.

3.2 Instance (eg) is easy to illustrate bi shoﬁing an
example fc ~::her a concept or a rule.

4. Response Mode: Generalities or instances can be repre-

sented in either an expository (to tell) or an inquisitory (to ask)

7R




mode. To present a generality gt an instance to the s+udent without
501icit@nq an overt response is an expository presentation; on the
other hand, 1f the display is to solicit an overt response from the

a
student then 1t 1s an inguilsitory presentation.

5.7 o ‘epresentation: According to Bruner (1966},
learners can .iterna..ze the representatfon of the world in three
distinct ways: enactive, iconic, and‘symbolic.

. In this unit, doing experiments, participating 1n
cémpletinq graphs or examples, aiong with answering questions to illus-
trate the intended coécepts, ar; the enactive representations (O).

The idea of using graphical figures to illustrate the concept is
the iconic rgpresentation (P). The use of language and symbols are
‘the symbolic representations.

"6 ‘Response Representatioﬁ: ‘A certain re;ponse rgpresenta—
tion 1is réquired on the part of the student and, similar to the contept
representation, the learner uses enactive (0), iconic (P), or symbolicA
(S) representations in the response.

In this unit, students are asked to do experiments, as
in the case of Lesson 15, .and they respond by performing an experi-
ment as an enactive representation. ' In the same ;ay, during thev
course of study the student$ often respond by using iconic and symbolic
representation.

7. Mathemagenic Prompting: It is some kind of information
added to the content to helb the léarnér.

Mathemagenic promptinqb. . . consists of information which

is added to the content information for the express

purpose of directly or indirectly facilﬁpating a learner s
processing of the content information (p. 54).

-1



Mathemagenic Prompting consists of five parameters, each
‘of which can be found during the study of the unit. None (no)
indicates no information added to help the student; this sometimes
happens n the course of teaching. Mnemonic (mn) is some form of
memory. aid thought for later recall, such as, the teacher may say,
"to memorize the measures of central tendence think of: mean-—average;
median—middle; mode—peak." Attribute Isolation (ai) is the use of
attention focusing devices emphasizing the attributes of a concept.
For example, the teacher‘uses’?aikrpms to mark the locations of mean,
2

median and modé‘%n the same histogram to isolate the sensitive /
properties of the.three measures. Algérithm (al) is a stepjby—step
analysis og the problem solving process. For example, the teacher
suggests the pro-edure for solving the problem: ,"TO describe the
differences bggween two sets of dgta you shouid_look at (¥) the
distribu;}on//(2) mean, and (3) standard deviation." Heuristic (he)

S . .
is an incomélete algorithﬁ. As in the example qfnan algorithm, the
teacher m§; say, "To describe the differences setween two sets of
data, woqid it bé‘enougﬁ to.only look at the means?”

é. Mathemégenic Feedback: The idea is to provide the informa-
tion afﬁér the learner has responded, while "méthemagenic prompting™
is to g&pvide information prior to the.learner's response. Therefore,
thoseygarameters which "prompting; and "feedback" have in common will
no; be illust;ated agajn; they contain similar ideas for providing -
information. The onlyftwv~ . -~meters left are Right/Wrong Knowledge

of Results (r/w) and{”~ rrect anc-ar Knowledge of Results (ca). The

first parameter is to »orc message which indicates whether the

I

H(

S

)
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learner 1s right or wrong atter his response without any additional

information, while the second prrameter {(ca) o iwoto provide a correct
answer to the iearner after a wrong response or no response. Both
parameters are used in this unit and quite often are usel together.

‘ Interd}sglay Relationships

The other major class of variables in the definition of an
instructional strateqgy is the interdisplay relationships. The inter-
display relationship is categorized into three major variables:
sequehce, quantity, and qualitative relationship. ’

sequence: This variable incl: s two types of sequences when
one thinks of the deQelopment of‘the instructional unit. The first
one is the sequence of selected concepts to be presented.~.1t is the
nature of mathematics that some concepts need prerequisites, SO they
have to be preseﬁted in thé appropriate order. This type of sequence
is more conté;tvoriented and part1§ illustrated in the description
of the intended lessons. The second type of sequence is a sequence
of instructional displays to be presented which movés towafd the
intended concepts. This type of sequence 1S directly ipvolved in an
instructional strategy. In this unip, the intended'seéuehce of dis-
plays to.be used as the main instructional strategy is as fcllows:

.

1. Display examples or experiments of a concept or a rule.
The teacher may start with an introduction of a concept, then illus-
traté\%t with some examples or experim.nts along with the explanation,
have students éerform some act.vities. ask léading questions, and so on

toward clarifying the attributes of the intended concept.

2. Display a concept or a rule in a'general form. This stage



1¢ onsidered to be the ~onclusion of what the students have learned

from the previous =tage. The concept is illustrated verbally or
symbolically in a «Jvnor;\i form by the students with the help of the
teacher and the previous examples ot the concept.

Display exercises or activities for A -oncept or a rule.

After the students presumabdiy have already attained understanding of

a ¢Sncept or a rule in a general or abstract form, this stage will

emphasize or evaluate the student's understanding of the concept.
From the main instructional stratedy as described above, one

can take the view that the first stage 1s the presentation of a subset

\ 0
of a concept or a rule which is equivalent to instances af a concept
or a rule. The second stage ie the presentation of the generality of

a concept or a rule, and the third stage 1is the vresentation of some

instarces of a concept or A rule again but with a different purpose

than =he first stage.

1

Quantity: This variable indicates the number of displays
selected in a particular stage or a whole sequence of an instructional

strategy, such as the number of tpe examples to pe prosented. The
- '“L
nurber of ipstructional displays, generally, can not be appropriately

™

predetermined such that it{adequately applies to the instruction of
every concept or rule. However, the main instructional strategy in
thig urit with the approximated value selected for the gquantity vari-
able was as fnllows:

1. 7o display aboﬁt 1-4 examples or experiments of a concept
or a rule.

e .

2. To display about one generat~/form of a concept or a rule.
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1. To dispxny about. 1-5% exercises or act:vities for a concept
or a .oorle.
Quélitativo Relatiorship: This variable e« fers to the aaal ty
of an instructional strateqy which is composed ¢t anv possible arious
displays incorporated with any possible cambinat on of their poora-

meters. Several research studies have been done on ctrategies in
teaching concepts, such as those by Ginther (1366 , Follins (196t

and Rector (1968), but there was no common conclusive result that one

PN

particular strategy is more effective thaun the others. Hendeérson (1'/0

sums it up:
One can conclude from these findings that a teacher

is largely free to choose among the various possible
strategies in teaching a concept in mathematics (p. 195).

Fvidently, the qualitative relationsh;;~of the main instruc-
tiznal strateay employedhin this unit does not seem to be less effec-
tive than others. 1In ad@}tion, the selec*ed instructional strategy
gets along well with the general intuitive approach of the unit, and

this strategy is also well known among authors, for instance the

authors of the series Statistics by Example put out by The National

Council of Teachers of Mathematics.

Main Instrgctional Strategy of the Unit
The description of the two major classes of variables,
display characterist%cs and interdisplay relationships, for construct-
ing the main insﬁructional strategy employed in this study has been
completed. In conclusion, the main instructional gtrategy selected
. .

is illustrated in Figure 3.5, using the taxonomy of Merrill and’ Wood.

<
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Identified by the following specified
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1. Content Type 5. Content Representation
R: Rule . O: Enactive '

2. Response Conditions zf ;cogzii N
CL: Classification 2 oeym ¢ ) ’ 4
RF: Rule finding 6. Response Representation ‘
RU: Rule using " The same as "5"

3. Content Mode 7. Mathemagenic Prompting
eg: Instance ai: Attribute isolation
G: Generality al: Algorithm

4. Response Mode he: Heuristic
E: -Expository 8. Mathemagenic Feedback
I: Inquisitory ca: Correct answer knowledge of results

r/w: Right/wrong xnowledge of results
Figure 3.4

The Main Instructional Strategy of the Unit
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plan and Description of Intended Lessons

The instructional plan fbr the selected topics includes fifteen
- ' £

jessons, each of which contains the following outline: (1) Purpose
of the lesson, which emphasizes the objeétives the students are
intended to achieve; (2) Definition of the experiment, which specifies
the general 1dea of its nature; (3) Specification of materials used in
the lesson; (4) Procedure, which contains the instructions for the
wh. le lesson, the directions for doiny experiments (if "any), and

leading questions or remarks to help the students grasp the inteﬁded

concepts. e

The fifteen lessons are also categorized into the two processes

1

of mental activity, assimilation and accommodation. According to
Piaget, the process whereby the learner fits ever, new experience intB
his pre—exiséinq mental structure is assimilation, and the process of
perpetual modification of mental structure to meet the requirement |
of each particular experience is accommodation. The lessons in.which
the students are intend;d to 1¢arn new conéepts gélong to the category
of assimilationf while the lessons in which the students are intended
to use or practice the learngd concepts belong to the category of
accommodation. Figure 3.5 illustrates how the fifteen lessons fit
into these two categorieé. |
. 3
The arrow indicateszthe direct path from particular ass#milaton

i
lesson(s) to the equivalert accommodationllesson(s). Lesson 4 belongs

to both categories since its purpose is to introduce new concepts angd-

s - . ™
it a'«<n serves as the accommodation lesson for Lessons 1, 2, and 3.

Grade nine students are still considered to be young students



Assimilation

Lesson 1, 2, 3,
Lesson 6
Lesson 8
Lesson 10

Lesson 12, 13, 14

Accommodation

Lesson

Lesson

Lesson

Lesson

Lesson

4, 5

7

9

11

15

Figure 3.5

Lessons Categorized as Assimilation or A--omm..lation

®
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who need real involvement and motivation during the procoss of studying

. . 1 . ' .
and learning various'concepts. The plan is made to have them dc oxperi-

ments in some assimilation lessons and accommodation lessons, and also

to have them produce the data by themselves to work with, as in the

. casge pwaéS§Qn 4 (drawing samples from the given boxes) and Lesson 5

(Céliectiﬁe théir OWIl persona} data from the whole class). For the
purpose of time saving in rroducing new data, those data collected
in Lessons 4 and 5 are also used in later accommodation lessons, as
those of 7, 9, 11, and 15.

The following is g brief description of the intended lessons.

/

The complete .et of lessons is found in Appendix A.7” j

Lessor 1 aims at having'the students make sense out of a
set of data by constructing a table of a frequency distribution.
Lesson 2 is continued from Lessén 1 to illustrate the conéept of a
frequency distribution by constructing a histoéram and a frequency
polygon. As a result of the aétivities of Lessons 1 and 2, a variety
of distribution shapes will oceur,.some of which.are illustrgted far
thé students in Lesson 3. Lesson 4 aims at the idea of drawing a
random sample rom a certain distribution of a population; then by
investigating a random sample distribution the students can make an
inference to a population distribution. The concepts of a population,
a sample, and a random sampling without replacement are introéuéed in
this lesson. The students are assigned experiments:to do to illustrate
the situation in order to clarify the intended concepts. For Lesson 5

it is intended that the students collect real data from their own

class members and use that data to wc.: with in the exercises.
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After a trequency distribution, a point Jdescription of a set

f data is introdnced. Measures of central tendency, which include

«

mean, median, and mode, arc‘illustréted in Lessén 6, then are followed
by activity or exercises for.thbso concepts in Lesson 7. TLosson 8
deals Qith the concepts o: measures of the variability of a -t of
data, which includ~ ra.-jc and standard deviation, followed by activity
or exervises in Lesson 9. A set o data .ometimes needs to be trans-
formed to a cerLaiL convenient f.n to work with, as in the case of
z-scores for a normal distribhtimn. TLesson 1u introduces the concept
of score transformation and illustrates how a mean and a standard
deviation change. Lesson 11 decals Wwith-activity or exercises using
the concepts in Lesgon 10.

So far, the students should have sufficient prereauisité con-—
cepts to study a normai‘distribution; Lesson 12 illustrate; the basic
concept of a normal disgrlbution by means of a created example.

Lesson 13 introduces the basic concepts of the central limit theorem
by using the experimenting procedure to convince the students of the
concept. Incorporated with Lesson 13, the concept of using a random
sample mean as the point istimate of a}pdpulation mean is introduced

in Lesson 14. And as the conclusion of the inferential statistics

idea in the unit, Lesson 15 aims atAthé.étudents épﬁlyjng various
\ .
[l
learned statistical conceptd to both a created experimenting situation
R "2 N A .

.where the students’can ch§¢k§£ﬁgiﬁ\answers, and somewhat real situa-
L R S
tions (e.gi their own personal data) where they have to define a sample .

o : . .
and a population and the real ak‘rs are naturally unknown.
: - %

- »



PTLOT STUi

Purjose

Afterlthe contrnt and instruc cion were analyzed and the tip:
development of the instrucripnal unit was made by he authc: durinw
September to December 1975, the : lot study wa:. conducted i: anuary
l§76. The general purpose: d% the pilot study were: to observe the
initial reactions of grade nine stud uts to the unit, to judae the
appropriateness of the instructional matcrials in order tu make
improvements in the final development of the unit and to prepare for
the actual instructional operation of assessinrg the feasibility of
using theﬁﬁnit. . 4 »

Specifically, the pilot study was to judge or assess the
following:

1. How appropriate is the general procedure of instruction
as desiuned to be used in the pilot study?

2. How well are the instructional“materials organized? And‘
is the supply of instrﬁctional mater?als sufficient in both quality
and quantity for the students and the teachefs?

3. Approximately how much instructional time does a lesson

take? .
@

» -

4. .Did the students'whoﬁparticipated in the pilot study seem
N

\/,

to have the prerequisites?

5. What were the students' reactions to the unit of instruc-

tion in the pilot study? »
6. How is it best to organize a class and form groups of

students for performing experiments in the lessons?



Iocedur

Fleven grade nine s-ud nts, five boys and six airi i, from .

junior high @ 2ol in Fdmon on oarticipated in the pilot study. The
study TUHS;StOd o{ four forty-minute -riods with two consecutive
pers s 1>¢;r weok. A subset of the first dewelopment of the unit,
Lessons 1, 2, 4, 6 and 13, was used. These lessons: were uofectcd

tor the pilot study on the baéié of: (1) the availability of Yeachina
time— four forty-minute periods-——in the school, () a minimuw f bro—
téqnisiten for each lesson and (3) the lessons' representativeness 1N
reiativn to the unit. Lesscens 1 and 2 contain the necessary concepts
for going on to other lessons and they also represent the first five
lessons, excuept Lesson 4, in whoh students have to do experiments.
Lesson 6 is a typical lesson fo- 108se from 6 to 12 Which makes use

of examples and graphs to 'illus' -te the intended lncepts. Lessoﬁs
13 and 4 represent the lessons employing exper:menting procedures.

Lessons 1, 2 and 4 were taught by a professar; Lessons 6 and 13 were

)

taught by a regular school math teacher. The author acted 1s a tcdching.

aid and an observoxf/ There was no test at the cnd of the pilot study.
The general progedure of instruction employed in the pilot
study was as follows. &very student had a set of aterials for éach
lesson which included the sequences of figures and examples dupliéated
for that lesqu so that the teachef could refef to armd have individual
students participate in drawing’gréphs or doing examples,;or illus-

trating the integaéd concepts. For some lessons that are long, the

students were exposed to the complete set of examples or graphical

figures with the help of a teacher to illustrate the intended concepts.

el
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The teacher used the developed lessons (Appendix A) as a guideline

in presenting the intended concepts\ to the students. Since this unit
N A\ -

is not an individualized instructional package, the teacher was

expected to use some questions ecquivalent to those in the developed

lessons along with his own explanation to 1llustrate the 1ideas.

Results and Modifications

Following are the important observations made during the

pilot study with respect to each of its six stated purposes. As a
result- of these observations, some modifications were made in the

final development of the unit and instructional plans incorporated 1n

the feasibility study.

1. The general procedure of instruction employed in the pilot

étudy was appropriate. The teacher who participated in the pilot

study liked the idea and the students reacted favorably to the
immediate involvement with a lesson hand out. The instructional time
was .considerably reduced by cutting off some work on the board for

the teachers. L . . .

AT

LA ‘Conéeqﬁently, it was decided for the final development of the

s

oo

unit to include two sets of instructiond] materials. The first set
1

of instructional materials was referred to as "a teacher copy.,"”

which consisted of a set of orrgi: 1 lessons intended for the unit

4
development. The second set of instructional materials was referred

to as "a student. copy.," which consisted of a set of lessons roughly
equiValenE +  t.e teacher copy, section by section, but including also

graphs and examplei which the students are'required to draw or complete

themselves in order to get involved in learning various concepts and

)

'



principles.
To prozeed with the above idea, the se- n- lessons in the

first development of the unit was slightly modified, such as adding

some more activities in Lesson 2 and some 1nstructions ié Lesson 14.
{A compfete set of a teacher copy ot lessons can be found in Appéndix
A.) Then a student copy (the exemplars of the student set of lesgans
appear in Appendix B) was developed along the same lines. Special
attention 1n developing a student copy was focused on the clear and -
apirropriate duplication of qraphical fiqures, tables, examples and
some necessary information to help lead.the stﬁdents toward under-
standing the 1ntended concepts.

2. when doing experiments requiring the drawing of data from
a box, approximately 4 students or two groups of twp fort a_box‘was
sufficient. The pilot study showed that it did not take much time,
as in the case of drawing data in Lessoné 4 and 13. Moreover, a
group of two 1s convenien; to form, generally based on.the criterion’
of friendship, and both students in a g;oup have reai involvement 1in
the experiments-—one shakes the box andidraws data while the other
records the resultsf Consequ«~tly, fgr the final development éf the
unit and the incorporatéd plan for the conduct of the unit feasibility
assessment, the materials for use in doing experiments, as in Lessons
4, 13, 14, and 15, were developed in the ratio ofﬁi box per four
stﬁdents or two groups of two.

3. From observations made duriné the bilot study,‘eaCh lesson
should be finished within the instructional time of a forty-minute

period. Lesson 1, part of Lesson 2, and Lesson 4 were finished within

[,



two cbnsecutive forty-minute periods. Lesson 6 took a little more than
forty minutes. For Lesson 13, the students completed the exper:i-
menting part of the lesson in 20 minutes. The ;est of the time 1n the
period should be enough to construct graphs and discuss the con&epts.

Although the instructional time for each lesson could be one
fort; mlnute per;od, the actual tgachihg situation in the conduct of
the study for the unit feasibility assessment was ;ot restricted to
such a period of time. It was ieft to the teacher's discretion to
go faster or slower according to the circumstances.

4. As observed from the pilot study, the studenés seemed to
have sufficient prerequisites. Th:- seemed to handle the questions
concerning probability, as in the rase of Lesson 2, quite well and
seemed to have suffiéient knowledge of graph reading and constructing.
However, the students' skill in the use of the fundamental arithmetic
operationézabuld not be judgéd during the pilot study because the

lessons employed did not involve much computation.

The grade nine students who participated in the pilot study,

- according to the teaéher, already had some experience in probability

‘and graphs. This brings about the idea that the students' prereguisites

could be assessed by the teacher.. Consequently, regarding the assess-
ment of the students' prerequisites for gfudying the final unit,ait
was decidgd that the prerequisites in probability and graphs would be
judged by the teacher fbr his or her own group of. students.. Ho;ever,
a standardized test would be used to assess the stud;nts' numerical\
skills. )

S. It was noted that generally the students reacteé

93
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onthusiastically to the immediate involvement with the new instructional
handouts. However, two consecutive periods Qf instruction bored some
students, 1in parficular, during the second period. Besides the length
of instructional time, the lack of éontinuity between the lessons,

such as between Lesson 6 and Lesson 13, might have caused a problem.

For the conduct of the unit feésibility assessment, a plan to
motivate the students in }earninq statistical concepts in the unit was
made. The students werc informed that there would be some prizss for
+he students who ha. the best estimates, such. as in the méjor project
of Lesson 15. In order to understand the concepts in Lesson 15,
however, they had to actively learn the previous lessons.

6. The teacher seemed to have some difficulty in identifying
the equivalent sections of the teacher copy and the student copy because
the materials were not available to him befor. band. The teacher also
neededl;o_QO som~ specific and advanced r anv:. i-r distributing
theiinstructional handouts to the student: and or:anizing‘the students
to do experiments in some lessons.

Regarding the above concerns, the»following plans were made:

The teach;rs would be given- two sets of materials, ‘both a
teacher and a student copy, to enable him to. use the materials for
instructional preparation, such as harking or making notes>identifying
the\corresponding sections between the two copies of materials.

Each student would have a student copy, but not the complete
copy at tﬁe beginning of the class because it is not an individualized

_dinstructional package which the sgudent can study by himself, and

because he may lose some part or the whole copy before the end of the
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study. The students would receive the handouts approximately every
time they-studied a new concept appearing in that paper.

How to organize in forming a group to ;o experiments and
exchange data among various groups, as in the case of Lessons 4, 13,

14 and 15,\weu{d be left to the teacher's own discretion. However,

Jdiscussions would be held during the teachers' initial in-service

™~

training«period.

N . i SUMMARY

\ .
At thé}outset of the construction of a unit in inferential

statistics for'gr;de nine sﬁudents, assumptions, or philosophical
background, caused the author to believe that such a unit is construct-
ible. The general plan for the unit's construcgion has been made in
th form of major guidelines to follow stage by stage until completion.
Thé first two stages involve-the analysxg éf content and the analy51s
~of how to communicate the content to the students——instruction. The
fi;st draft of a set of intended lessons’was developed following

that analysis. As a formative evdluation for the process of con-
structing the unit, é pilot study using-a subset of the initial

lessons was conducted. The results of the pilot study.have bfought
about the final development of thevunit, which includes two sets of
equivalent lessons, one for a teacher and the other for students, and
a;so incorporates plans for the feasibility stgdy of the unit. The
feasibility study of the unit can be viewed as the sum?§tive evaluatién
of the unit. In the next chaéter, test instruments employed in this

study will be described.



CHAPTER 4

TEST INSTRUMENTS

L
e

The threefold purpose of this study has been «*ted as

follows: (1) to construct an instructional unit in inferential
statistics, {(2) to determine the feasibility of teaching the unit

to grade nine students, and (3) to investigate and compare the
students' anchoring ideas about some seleéted statistical concepts
before and after the instruction of thé unit. The construction of

@ o
the instructional unit has been described in Chapter 3. 1In the
present chapter, the test instruments employed in both investigating
the students' anchoring ideas, and assessing the feasibility of
teaching the unit, are described. The first section of the chapter
deals with the test instrumen£ called the "Conception Test;——a test
developed to be used as both a.pre- and a post-test in investigating

rd
the students' anchoring ideas about some selected statistical con-

cepts. The second section deals with the Achievement Test, the Skill
Test, the Student Reaction Test, and the Teacher Reaction Test—

instruments used in assessing the feasibility of teachingy the unit

to grade nine =students.

CONCEPTION TEST
4 . - ~

The Conception Test is described ufider the following headings:

the rationale for tB? test, the test construction, the procedures

used in géorinq, the reliability and the validity of the test.

96
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Rationale
-

Ausubel (1968) makes a statement similar to the one that has
already been mentioned in relation to the theoretical background

discussed in Chapter 1:

. One obviously important variable affecting the
learning and retention of new, logical meaningful
material is the availability in cognitive structure
of specifically relevant anchoring ideas at a level of
inclusiveness appropriate to provide optimal
relatability and anchorage . . - (p. 131)

f£ is reasonable and logical to assume that the students,

before studying the unit in inferential statistics posseés some type
of anchoring ideas abouk statistics in cognitive structure. These
“anchoring ideas may be righg or wrong or incomplete with respect to
the nature of the conéepts selected for this particular Pnit of
instruction: However, if the lessons on inferential statistics in
the unit are prepared in such a way that they are logical mganingful
materials that appropriately relatg to those prior anchoring ideas,
then the instruction of those lessons in the unit should result in

&

the students having different anchoring jideas from the previous ones
abou; the same set of statistical concepts. During the instruction
of the unit, the students'’ anchoring ideas afe expected to improve in
two directions—quantitatively and qualitétively.

The idea of investigating anchoring ideas before and after
the instruction of the uﬁit o;iginated with the conside;ation of
Ausubel's theory. It should be noted that anchoring ideas are

more inclusive and general than prerequisite skills and know-

ledge.

An anchoring idea, according to Ausubel, is an idea related
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to some learning task that is at a higher level of abstraction,
generality, and inclusi%gness than the learning task ‘itself. In

relation to the learning tasks involved in basic inferential
statistics, an anchoring idea is the student's idea or 'knowledge, at
'whatever level or in whatever form, abodt varioﬁs statistical con-
cepts. It is assumed that aﬁf%ny stage of gime the student would
exhibit some observable behavior reflecting his anchoring ideas in
a testing situation created to assess his knowleége about selected

statistical concepts. The expected observable behavior would be in

the form of either oral or written verbal expressions..

Test Construction
Now that the rationale has been dgécribea and presumably
aécepted, that is, that the students do have prior anchoring ideas
about statistical concepts and that those.éﬁchoring idgas can be
investigated by using some appropriate't;pe of test, the design and-
construction of such a test are)gonsidéred ds follows:
' s
/

The Concept Selection. The first stage of construction was

_ to in&estigate statistical concepts’to be covered in the test. Two
main criteria we;e set in selecting the concepts to be included.
First, the selected concepts must relate to, or come out from, the
content of the instructional ﬁnit, because the main ﬁhemg of this
studx concentrates on the effect of the instruction of such a unit
on the students' anchoring ideas. éecond, the selected concepts
must be r :adily communic;ble to the students, especially in the

pretest. Special attention was given to the second criterion in
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developing the test, since it is more difficult to meet than the

first.

ObjectiVves of the Test. Within the guidelines of the above

™

two criteria, certain statistical concepts were chosen to be
included in the test. These selected concepts are presented in’ the
form of objectives. These objectives will be useful in designing the
questions in the test and also in marking the results of the test.
The objectives of the Conception Test are as follows:
To discover the students' anchoring ideas about the following
statistical concepts:
1. Measures of central tendency
2. Variability of scores
3. Transformed scores
3.1 the effect on "mean" when:
\
a. each of the scores is added to a constant
’ b. each of the scores is multiplied by a
constant
3.2 the effect on "variance" when each of the
)
scores is added to a constant
. ‘ <
4. A normal distributionp
N
S. Estimation
5.1 the use of a sample mean to estimafe a population
‘mean

5.2 the effect of using a mean from a different

size sample to estimate a population mean.



Test Design. On the basis of these five objectives, an
eight questioﬁ Conception Test was designed. -The eight gquestions
were arranged in appropriate order since some questions require '
information from previous questions in order to be understandable
to the students. The complete Conception Test is presented in
Appendik D.

The commﬁnicability of the Conception Test to the students
is another aspect of concern in the test design. Three~major areas
were considered during the pianning of the test: how to establish
questions in the test, the use of approprié%e terms or language, and
the procedure for presenting the (test to the students.

In each of the eight questions, examples are used to clarify
the situations and defin;tiops so that the students can easily
understand what is beiné-agked. The illustration§w§fe followed by
specific questioﬁs on the designated concept. l

Language or terms used in fhe test could block communication
to the students. Statistical terms or language are avoided if
possible and common terms or language are used in their place. For
example, é."middle" score is used to represent any measure of central
tendency for a set of scores.

The partial interview procedure was considered to be the
procedure for presenting the test to fhe students. This procedure
was proposéd'in order té make sure that the students would under-
stand the instructions ané the questions, eSpecially_in the pre-

test. Moreover; the interviewer would have the opportunity to ask

for more information from the students if their answers were

100



incomplete.
<

Test Administration Plan. In preparation for the administia-

tion of the eight question Conception Test, each qugstion was typed
on a separate piece of five by eight inch paper. The actual adminis4
tration of the test proceeded as follows:

! 1. The interviewer began by trying to ease the student's
tension and explaining the nature of the tes£ by using such comments
as "This test is not concerned particularly with right or wrong
answers. I am interested in what you think, él your ideas about
the questions. So feel free to express your own ideas." This
introductgry mode is important, especially for the pretest.

2.\\Each question was handed to the student to fead, then he
or she answeredrorally. There was no time limit.

3. The student's apswer was recorded on tape, or on a piece
of paper prepared by the interviewer.

4. The interviewer sometimes had to make suggestions or
v )
answer the student's questions in order to help him or her gnder-
stand éﬁe instructions. However, certain key words which are a part
of the concept béing tested were not explained, fér instance,_the
"middle" score used as a measure of central tendéncy. In such
instances the interviewer's answer should be something like,

"Whatever &ou think it is" or "That's what I am interested to know."

5. fThe interviewer sometimes asked the student to clarify

his answer.

y -
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Administration of Pilot Test. 1In order to judge the

appropriateness of the communicating procedure, the amount of
testing time, and to a certain degree determine the test validity
and reliability, a pilot Conception Test was administered in
December 1975. The.participating students were interviewed by a
professor, and the author acted as the observer.

oThe amount of testing time for a student was approximately
twenty minutes. The general communicating procedure was relativeiy
appropri;ﬁgfx Only a few words had to be rewritten, and some spegific
guestions were added to.various test question ifems, such as, "Why—
or why not?" orvfﬂéw do you get the answer?" in order to help
standardize the test instructions. |

Tes£ item 6, which involved the illustration of cqmputing a
special number (a variance) and then having the student comﬁute the
other one by himself pefore answering the intended question, had to
be carefully instructed. Besides this item being fime consuming,
the student tended to make a computational error which thé inter-
viewer had to heip correct and the student seemed to think that
theicomputational resﬁl£ waé the endfof this test item. The inﬁer—

viewer, therefore, had to point out the guestion intended to he

answered by the student.

Scoring Procedure

The purpose of the Conception Test is to investigate the
availability of the students' anchoring ideas about certaln
statistical concepts at two different stages of time—before and

after the instructional unit. Generally, tbe analysis of the
4 . .

e
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T

students' answers is not to score but to summarize what those ideas
ar: Both pretest and post-test employ the same procedure:
1. Quantifying the answers:. To quantify the answers is to
1ist all different answers for each_quéstion item from all students
who take the test, and to also record the number of students
answering each of those different answers. Specifically, it ;s to
£i11 out a table with two headings: students' answers, and the
frequency or the number of repeated answers. ' ; .
2. Ranking the answers: To rank the answers is to arrange the
quality of the available answers from the best to the poorest.tolthe
extent that they answer the intended question in the“ﬁést. This
stage is a continuation of the first stage, ranking the best available
‘answer as number one, the second best as number ﬁwo, and so on.

The best quality answer is defined with respect to the objective

oy

set for the test, and whether the answe? is right or wrong according
to the.possible solution of that tesﬁ problem. For example, queétion
one in the Conception Test is intended to investigate.the ideas about
a measure of central tendency; the possible solution§'for this item
are the ideas of mean, median,véna mode. Acﬁually, some answers, as
in the abovg cases of mean, median, and mode, are equally qualified
to be the best answer. However, ranking has to be done in order to
S 4 P :
shbw éhe different types of answers. Question five in the Conception
Test ig intended to investigate the ideas of normal distribution by
asking the students to give examples. The possible solutions should

be categorized into four areas: (1) a normal distribution occurring

in mathematical fact, (2) a normal distribution occurring in natural
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The number of students who expressed each of tho
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phenomena such as height, weight, and I.Q., (3) a normal distribafmgl
—
. - . . . . . . - ’
occurring in s_ecific cases such as family size 1n a specific area,

t

which is approximately normally distributed, and (4)s others that
cannot be justified as a no;mél distribution. Each étudent was
allowed to give about three examples to illustrate the idea. If
half or more of those examples belong to the highest category,
" ‘ :

then the student's answer is considered to be of a higher category.

3. Combining the students' pre- Ahd post-test answers intd
a common list. For each question item in the conception test, the
lists, as described in the second stage, of all answers for both pre-
and post-test results, were coﬁbined into a common rank according t«

quality. The quality of the students' answers normally had to do

with the ideas expressed; if the students' answers in pre- and post-

tests indicated the same ideas, even though using different
means of expression, thosé answers were combined in the s
answers in the w
combined list'was still réported separately under the headings of
prefest and post—tes{3 The combined pre- and post-test answer list

was prepared to make a comparison between the number of‘students

giving each type of e different available answers on pre- and

post-tests and also for convenience in coding the students' answers.

4. Coding the students' answers. As described in the
24

third stage, all different answers for each guestion item were

labelled with ranking numbers. In this stage, those ranking numbers

were vsed to record the student's answer to each question item in

the Conception Test. For example, one student's answer was recorded »
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as (3,1) for the question item one. This coding tormat—(3,1)—
indicated that that student's idea was the answer ranking numbw:
three in the pretest, and then he changed h:s idea to the anuwer
ranking number'one in the post-test. The first eclement of the
ordered-pair coding number indicates the ansQér to the pretest, while
the second element represents the post-test answer. This cading
system was pfepared to indicate the change in answers or 1ideas,

occurring for individuals or a group of students with respect to

each question ‘item, between pre- and post-tests. =

°

Test Reliability

As with any test instrument, it was necessary to be sure that

A
the Conception Test is reasonably reliable. To t'-% end reliability

was thought of as the ratio between variance assc .iat-d with true

.~Aividual differences and total variance.

N

For most test instruments this ratio 1s est.mates by using
one of the following three reliability procedures: .) tsst-retest,
(2) parallel-form, or (3) internal consistency. Nnfor+-una rly, due
to the nature of the Conception Test, none of these procedur:s was

appropriate.

-

The Conception Test employed the partial interviewing
procedure with individuals or a small groupz and involved a lot of

testing time. Furthermore, the scoring procedure employed in tﬁe

AN
r

Conception Test was not to give a numerical score to each answer to
\ the test;.instead, the students' expressed ideas were their answers

to the test and these ideas were classified&gnd summarized. Since
A : :

aii/three reliability procedures mentioned above require the students'

\

~—
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‘ores in a numerical form to compute the reliability coefficient,
ncie of them could be used to as esc the reliability of the
nception Test:

Briefly reviewing these procedures, thé test-retest
estimate of reliability is obtained by administering a test to a
group of students, readministering the same test to the same
group of students at a later .date, and correlating the two sets
of scores. The parallel-form estimate of reliability is obtained

by giving two equivalent forms of a test to the same group of

2

students on the same day and correlating these results. Interﬁal
consistency procedure obtains reliability estimates from one
set of data using several methods. For example, Split-Half and
Khder;Richardson Estimates (KR-20, Kﬁ;Zl)y' Each of_these meﬁhods
employs nuperical‘data to cogéute the reliability céeffic;ent.
The inte?ﬁal EOnsistency procedure generally estimates tﬁe .
degree of homogeneity of the items in the ﬁest, or th degree _
to which the item responses correlate with the total test scores.
But the Conception Test is intended to investigate individugl
selected statistical concepts.

Although the reliability of the Conception Test could not be
estimated py any particular computational procedure, one could
assume that the reliability of ihe test would be high if the possi-

bility of error variance, that is, variation in a person's score due,

to error, could be reduced. Maximal reliability of the test would



be obtained if the variances of the true scores and of the observed

3

scores were equal, or the ratio between the two variances was equal

to one. Several sources of error could contribute to inaccuracies

in the obser scores, and consequently determine the degree of
reliability of t test.- Regarding the Conception Test, such
possible sources of errxr are: (1) the testing rraredurc, (2) the
subjects, (}) the conditions, and (4) the sco- .nc meth>d. However,
an attempt to coﬁtrol these possible sources ¢ errc was made in
ordef to improyg the test reliébility.

Errors of test measpremeng due to the procedure mainly
involve the test coﬁstructioﬂ and the test administration. The

" : ‘

wording of the questions and %he questioning procedure, along with
the administration of the direciions for the test, were carefully
planned so tﬁat the students who took the.test woﬁld'know equally
well what idea or ability they were supbosed to demonstrate. More-
over, from judging the results of the pilot test, some modifications

were made, such as the addition of some specific questions at the

end of certain test gquestions 1 order to standardize the instruc-

tions for the interviewer, and to clarify the ideas for the students.

Error due to the students could be caused by change and
development of tﬁe various ‘students during the testing time. The
Conceptio; Test, which eﬁployeé a partial interviewiné procedure,
;nvolved a léngthy testing time to compiete the whole group of stu-
dents. Howevér, this type of error could be allo;ed'as a part of

the results of the study because it also involves internal change

or development of the individual student up to a cergain'point of

107
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time. This is especially true because the Conception Test items
were not of the type usually found in school mathematics tests.

In order to prevent error due to conditions, the students,
individually or in a small group, were randomly selected to take

‘ ©
the test in a room remote from any annoyance that might come from
the regular class. The students were instructed to sit far from
- each other when testing in a small group so that they did not
influence each other's ideas. They were also instructed not to
relate information about thé‘test to fellow students who would be
.taking tﬁe test at a later date.

To control error due to m;rking, a scoring procedure was
designed as a guidéline for managing the students' answers.
Moreover, as has been‘mentioned, after the édministration of the
pilot test some more clarified questions were added tolseveral-
test items to encourage the students to provide more information
with their expressed ideas. The added informatidn would be

helpful in the interpretation of those ideas in the scoring pro-

cedure. Scoring both pre- and post-conceptual tests was done by

X
one person.

Test Validity

In assessing the valiaity of the Conception Test, two types
of Qalidity, content validity and construct validity, were con?
sidered. For content validity, there must be congruence between
thé item as stated in the test and the concept to be learned as set

down in the objectives. ' For construct validity, there must be

e



evidence that the items as stated in the test measure. the hypo-
thetical construct called "anchoring ideas.”

The Conception Test was developed with c%ose cooperation
between one mathematics education professor and the author.
Critiques were done ;nd'discussions were held At various stages
of the test construction in order to improve the test(validity,
both in content and construct. Particularly, the procedure;
involvingAthe selection of statistical concepts, the wording and
questioning procedure, the admiﬁistration of the pilot test and
_test modifications after pilot testing, were carefully designed

and improved.
»

An "anchoring idea," according to Ausubel's definition, is
an idea related to some learning task which is at a higher level of
abstraction, generality, and inclusiveness than the learning task

itself. There is a-proﬂiem in assessing content validity with

.

respect to these anchoring ideas since content validity, according
to the reporf of Technical Recomméndations for Psyéholoéical Tests
.;nd Diagnostic Techhiques (1954) , ié evaluated by how well the
content of the test samples fhe set of situations about which con- ~

clusions are to be drawn, and content validity is examined when
- - ‘R, - .
concern is about the type of behavior involved ‘in the test perform-

’

ance.

In this study then, content validity'is indirécfiy ‘important
because there is no direct correspondence between the Conception
Test items and the set objectives of the unit in inferential

i
statistics.
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For construct validity, the report on Technical Recommenda-

tions for Psychological Tests and Diagnostic Techniques (1954) has

distinguished its characteristics and validation procedure as

Construct validity is evaluated by investigating
what psychological qualities a test measures, i.e., by
demonstrating that certain explanatory constructs account
to 'some degree for performance on the test. To examine
construct validity requires both logical and empirical
attack. Essentially, in studies of construct validity
we are validating the theory underlying the test. The
validation procedure involves two steps. First, the
investigator requires: From this theory, what predictions
would we make regarding the variations of scores from
person to person or occasion to occasion? Second, he
gathers data to confirm these predictions . . . (p. 14)

For assessing the construct validity of the Conception

Test, the first step involves the anchoring idea construct in

reference to Ausubel's theory which states that:

. . . The most important single factor influencing
learning is what the learner already knows.
Ascertain this and teach him accordingly . . .

(1968, p. vi) .

In relation to the unit in basic inferential statistics

prepared in this study, one can assume two predictions about thg'

students’' anchoring ideas:

1. The students should already have some anchoring ideas

about statistical concepts before they study.tle unit in basic
inferential statistics. Among those anchoring ideas, there should
be some high quality ones¥with respect to the selected statistical
concepts tested.

" 2. Since anchoring ideas are important to learning,

there should exist some relation between/ the learn?y outcome and

110
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the qpality of anchoring ideas. Specifically, the quality Qf the
students' anchoring ideas should be 'related to the students'’
performance on the Achievement Test (the learning outcome).

For the second step of the validation procedure, data were

~

gathered to confirm the two postulated attributes of the anchoring
idea construct or the two hypothesized predictions as described in
the first step of the validation procédure. If the evidence did
confirm the two predictions derived from Ausubel's theory, then
the Conception fest'can be claimed tobhave some coqstruct‘validity.
In other words, the Conception Test did measure the yariables af
the anchoring idéa construct involving statistical concepts if the
two hypothesized predictions were supported by the data.

For the first hypothesized prediction, the gvidence was
examined by looking at the pre-testing results of tﬁe Conception
Test in which the ;tudents reflected their.anchofing ideas in 4
variety of test.performanceé. Some of those observable performances
correspénd té the correct statistical concepts tested, indicating
that scﬁe students already had high quality anchoring ideas. Table
4.1 confirms the hypothesized prediction that there existed a number
of students who already.had correct ideas on each of the seleéfed
statistical concepts. However, thé number of students who had high
éuality anchoring»ideas Qaries with each question due to the nature
or abstraction ana-difficulty of that particular statistical cohcept.

For the second hypothesized prediction (that there should be

some ‘relationship between the quality of the students' anchbring

ideas and the students' performance on the Achievement Test) .the



Table 4.1

f

The Evidence of 'the Existence of Anchoring Idea Construct

Number of Students
With Correct Ideas

v sui~ 1 Coin 'pts Pretested From 42 Students
»s of central tendency » 28 (66.67%)
arl ol Ly o ares 2 (4.76%)
3. 7 formed scores
J e eff + or a mean when:
a. each ¢ the s~ores is added ——
to a constant ‘ : 10 (23.81%)

b. each of the scores is multiplied )
by a constant , 17 (40.48%)

3.2 The effect on a variance when:

‘ each of the scores is added to a
constant ) ‘ 2 (4.76%)

4. A normal-distribution " 29 (69.05%)

S. Statistical estimation

5.1 The use of a sample mean to estimate :
a population mean . : 8 (19.05%)

5.2 The effect of using a mean from a
different size sample to estimate
a population mean 16 (38.10%)




evidence was gathered from the post-testing results of the Conception
Test, and of the Achievement Test that measured the same statistical
concepts as the ConceptiBﬁ‘Q&st. The Achievement Test can be Viewed

as measuring the same variables of anchoring idea construct as the

Conception Test because the performance of the students in the
Achievement Test reflerts the internal ancho. ing ideas available to

.

the students at that particular time. Therefore one could. predict
that there would be a high degree of agreement between the results

of the two tests.

The degree of agreement between the results of the two tests,
with respect ta the same statistical concepts, was determined
A

according to three categories:

1. The number of students who expressed satisfactory

answers on both tests;

2. The number of students who expressed unsatisfactory

answers on both tests;

3. The number of students who expressed satisfactory

answers on only one of the two tests.

The first two categori- - indicated the degree of agreement

between the two tests. However, they indicated different effects
of the instruction of the unit—the first category indicating a

positive effect and the second category indicating a negative one.
. .

The third category indicated the degree of disagreement between the

two tests. Therefore, if there were more students in the first two

categgries than in the third category, the second hypothesized pre-

©

diction| was confirmed, or the two testing results did indicate a
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high degree of agreement. .

Table 4.2 indicates the numbers of students in the three
categories of relationship between the two testing results on the
selected statistical concepts involved. The satisfactory answers
from the Conception Test uséd in the table were defined along‘the
same lines as the items for the analysis of change between the
students' pre- and post~-test anchoring ideas. The Achievement Test
items used as a méasurement of comparison along with the satisfactory
Conception Te;t answers were as follows:

With respect to the Achievement Test items illustrated in
Appendix C and thé gtatistical concepts post-tested in Table 4.2:

1. At least éne é;rrect answer from the Achievement Test
items 4, 5, and 6 was used as the satisfactory answer for.Concept 1.

2{ Only the correct answer from the Aghievement Test item

10 was used for Concept 2.

3. Only the correct answer from the Achievement Test item
) -

11.la was used for Concgpt 3.la.

4. Ohly the correct -answer from the Achievement Test item

11.2a was used for Concept 3.1b.

5. Only the correct answer from the Achievement Test item

11.2b was used for Concept 3.2.

6.'>At least one correct answer from'theAAchiévement Test
items 14.1 and 14.2 was used for Concept 4.
| 7. Only the correct answer from the Achievemeht Test item
16.4 was used for Concept 5.1.

8. Only the correct answer from the Achievement Test item
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Table 4.2

The Evidence of the Existence of a Relationship Between
the Students' Anchoring Ideas and Test Performances
on the Achievement Test

115

Number of Students in

cat.

Cat. 2

Cat.

3

1. Measures of central
tendency

2. Variability of scores

3. Transformed scores

3.1

3.2

The effect on a mean

when:

a. each of the scores
is added to a
constant

b. each of the scores
is multiplied by a
constant

The effect on a
variance when:

each of the scores is

added to a constant

4. A normal distribution

5. Statistical estimation

5.1 The use of a sémple

mean to estimate a
population

The effect of using
a mean from a
different size sample

- to estimate a

population mean

33

12

32

33

18

30

28

(84.

(30.

(82.

(84.

(17.

(46.

(76.

(71

et

62%)

77%)

05%)

62%)

95%)

15%)

92%)

.79%)

0 (0.00%)

14 (35.90%)

1 (2.56%)

1 (2.56%)

6 (15.38%)

5 (12.82%)

1 (2.56%)

3 (7.69%)

6 (15.

13 (33.

6 (15

5 (12.

26 (66

16 (41.

8 (20.

8 (20

38%)-

33%)

.38%)

82%)

.67%)

03%)

51%)

.51%)

Note:

Category 1: Getting satisfacéory answers on both Conception

Test and Achievement Test

Category 2: Getting unsatisfactory answers on both tests
Category 3: Getting satisfactory answers on only one of the

two tests
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17.3 was used for Concept 5.2.

From Table 4.2 almost every case indicates a-high degree

of agreement between the two testihgs. This confirms the second

~

hypothesized prediction.
‘The confirmation of bqth‘hypothesiZed predictions regarding

.underlying anchoring ideas indicates the construct validity of the
. ¢
Conception Test. However. Concept 3.2 (the effect on a variance when

-~

each of the scores is added to a constant) indicated that 66.67% of
the students were in the third category—;the catedory of disagreement

between the two testing results. 1In relation to this incidence, . <

B

Cronbach and Meehl (1975) explain that:

. . If two te . are presumed to measure the same
construct, a corr<_ation between them is predicted. .
If the obtained ccrrelation departs from the expectation,

however, there is - way to know whether the fault lies
in test A, test B, or the formulation of the construct
(p. 287).

(;E::h With respect to Concept 3.2, the disagreement of results may

be due to the slightly differeﬁt statistical concepts measured by
the two tests. The Conception Test measures the concepﬁ of the
transformation of a variance; the Achievement Test item measures the
concépt of the transformation of a standard deviatign.. The students
did not grasp ;he.relatiOnship between fhe two concepts tested. More
emphasis wés put on the concept of a standard deviation than of a
variance during thebuhit instruction. Asva result, fhe students had
. more correct answers on the concept of the tfansﬁormation of a

A<]

standard deviation than of a variance.



TEST INSTRUMENTS FOR FEASIBILITY ASSESSMENT

The assessment of the feasibility of teaching the unit on

inferential statistics to grade nine students is determine : with

~

respect to three reference domains: (1) the objectives of mathematics
for junior high schools in Alberta, (7) the reactions of the ‘students
who study the unit, .and (3) the reactions of %the teachers who teach

the unit.. Two test instruments—the “"Achievement Test" and the
LA T ) ,

standardized "Skill TééE%r—were used to judge how well the unit on

inferential statistics carries out the objectives of mathematics

for junior high schools in Alberta. The "Student Reaction Test" and
the "Teacher Reaction Test" were developed to test the responses of

those two groups. Each test instrument is described in detail below.
. VAR g ’
. . K\ / .

Achievement Test

Purpose ' .

The primary pdfpose of this test is to measure the contribu~

-ions of the unit of instructidn to the objectives of mathematics

for junior high . hools as listed:

1. .To develop an understanding of mathematical concepts and

-appreciation of mathematical structure.

2. To develop skills in the use of the fundamental process.
. v
3. To develop systematic methods of analyzing problems and

of presenting their~solﬁtion.
4. To develop habits of précise thought and expression.
. _ N

5. To develop an understanding of the significance and

appligation of mathematics in the modern world.

117
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Specifically instrument called the “Achievement Test"
was developed to measure the contribution of the unit of instruction

to the first, third and fifth objectives of the above five.

Test Construction

The first task in the construction of the Achievement Test

was to describe the levels of mathematical thinking at which the

students who took the test were expected to pe}form. The second task

in the construction was to describe the test design in which the levels
of mathematical thinking, the three objectives (the first, third and
fifth) for j;nior high school mathematics, and the speci?ic objectives
for the unit of inst)y~tion were taken into consideration. The thira

task was to decide on timing and scoring procedures.

Levels in Mathematical Thinking. According to Avital and

Shettleworth (1968), there are three levels in mathematical thinking.

The first and most basic level is recall or recognition of material

.. in the form in which it was taught. The seconld and higher level is

called algorithmic thinking. This level is the straightforward

generalizatibn or transfer from learned material to material that is

similar. The third and highest level in.mathematical thinking

is called open search. Avital and Shettleworth explain that:

.Behavior on this level emerges when the student's
repertoire is not confined to operationS’and the
solution of problems for which he has learned a straight-
forward procedure. He can rearrange or restate the parts
of a problem and see among them new relationships which ’
are relevant to the sought-for solution (p. 6}.
N

Avital and Shettleworth emphasize the distinction between
the first two levels and the highest level in mathematical thinking;

the first two levels are more straightforward procedures, Or
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reproductive thinking, while the open search l.wel is npt a straigh®
forward procedure. It is productive thini:nu.

To compare:the above three levels with the cateéarxos
Bloom's Taxonomy, recall or the recognition level is equivalen-
to the level of knowledge; generalization or algorithmic thinking

level is equivalent to the level of comprehension and the level of

application; and the open search level 4S5 equivalent to the levels

~

-of analysis and synthesis.

In designing the Achievement Test in this study Bloom's
Taxonomy and Avital's thinking were combined and referred to as the
following four levels: (1) Knowledge (K), (2{~Comprehension (c),
(3) Application tA), and (4) Open search (0S).

The levels of C;mprehension and Application need further
illustration, since both belong ;o the algorithmic thinking level.
- major distinction between these ﬁwo categories is the amount

elty in the given task fram the learner's point of view. The
-. of algorithms such as manipulative skills, the straightforward
use of formulas to com te_the answer, to iilustrate,given defini—///
tions or statemernts, and} to translate from words to mathematical
symbols and vice versa,”belang to the levei of &omprehensioﬁ. The
'sté;y' problems to which the students have not beeJ exposed at the
timeﬁthey learned the principle are in the category ;>\5pplicatioﬁ.
The general behavior required for the level of Applicati p is the

ability to use the given principles to solve problems relating to,

for instance, everyday situations or scientific phenomena.

L%
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Test Design. The Achievement Test ié divided into two parts.
Achievement Test Part 1 is designed to measure the contributions
of the unit of instruction to-the first anéhf:fth ijectives of
Alberta junior high school mathematics. Achievement Test Part II
is désiqned to measure the conﬁribut;ons to the third objective;
The complete Achievement Test can be found in Appendix C.

For the purpose of specifying the contént,to ge covered
in the Achievement Test, the first and fifth objectives of Alberta
jJunior high school mathematics were’restated as follows: Obj. 1,
To develop an undgrstandiné of statistical concepts énd structure,
and Obj. 5, To develop an understanding of how to apply statistical
concepts to anamiliar situations.

/ : Achievement Test Part’I is constructed to consist of 45 test
items, and each item is designed as a constructed response-question.’
Th;‘studf t is expected to produce his or her own answers or
Lfolutionv then place‘them in the provided spaces. Achievement Test

liPart I is also designed to reflect each of the specific objectives
'of the unit, which are the.. cagegorized under the three levels:
Knowledge (K), Coméféhension‘(c),and Application (A).  All fdr;yf
bfive tes; items are used to measure the ;nit contribution to the .
first'objeétive of junior high mathematics, but ogly a subset of
= teen items,kcategorized underhthe level of Application, are uéed
to measure the unit contribution to‘the fifth objective. Table.4.36
shows the test grid design of the Achievement‘Test Part I, usiné the
followiné specific objectives of the unit. \ ;

o



Table 4

Test Grid of Achievement-Test Part I

121

Test Item Nos. in Specified Cateqorizatioh
#pec. Obj. Knowledge Comprehension Application Total
1. 13.1,13.2 '4
16.1,16.2
2. 12.1,12.2,12.3 3
3. 3.1 1.1,3.1, 1.2,1.3,2.1,2.2, 10
3.2,3.3 2.3,2.4 ‘
3.2 7.1,7.2, 4,5,6 16.3 7
7.3 ‘
g 3.3 8 10 9 3
. 4. 11.1a,11.7%,
11.2a,11 6
o . 11.3a,11.
5. 14.1,14.2. 2
6. 15.1a,15.1b,
15.2a,15.2b, 5
15.3
7. 15.4,16.4,
' 17.1,17.2, 5
17.3°
Total 8 (17.78%) |19 (42.22%) 18 (40%) - 45
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v

The students should be able to learn the following concepts:

Spec. Obj. 1: Populatioh and sample \ gj

L t
Y

2: Sampling with and without ;éblacement
3: Descriptive procedure éf data
3.1 Frequency distributicr
3.2 Meésures of central tendency
3.3 Measures of variability .
4: Score transformation
5: A normal distribution
6: Central limit theorem
7: Statistical estimation.

In order to: construct Achievement Test Part II as an
instrument ta measure thé unit contribution to tﬁe third obiective
of junidr high mathematics ("to develop systematic methods ;f
anal?iing problems and of presenting their ;olutiohs"), this ngective
was redefined in terms of the unit in inferential statistics as “
follows: (1) to develop the ability to apply statistical procedure,
learned fro; £he uhit}.to problem solving, and (2) to promote the
open—sgaréh method of problem soiving.in light of the étudy of the
unit.

From the aboveldefinitibns,.Achievemeﬁt Test Part'II is
designéd so that the first two major questions involve the statistical
procedures inéluded in the unit content, and are cateéorized under
the level of Applicatidn. The last three‘qﬁésfions aré’categorized
under thg oﬁenvseareQ lgvel. The foliowing is the out;ineﬂof

Achievement Test Part II. (Complete set in Appendix C.)

e
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Test no. 18 is intended for "Descriptive Procedure"

18.1 is intended for "the use of frequency distri-

bution”

18.2 is intended for "the use of a measure of central

tendency"”
18.3 is intended for "the use of a measure of
vafiébility"
Teét}no. 19 4is intended for "Inferential Procedure”
19.1 is iqtended for "the use of a‘sample

distribution” ) o

19.2 is intended for "the use of a sample mean"

Test no. 20, 21, 22 are intended for "Open Search Procedure"”

=~

Timing and Scorihg'Proéedure. It was originally intended

that the Achievement Test Parts I and II would be completed in
approximately o?e hour. HoweQer,'when the test was used ;n this
study, the students were allowed to take.tﬁo‘forty—minute pericds,
and almost all forty-five students completed the te#t within. fifty
minutes to one hour. Only one student fin{shed in one period, and
only one stayed until fhe end of two beriods.v

In setting the ;coring procedure, it was decided that for
Achivement Test Part I each of the forty—fivevtest items would
be weighted eﬁually, énd assignédlénly'dne for right and zero for
wrong. There is_ﬁo partial score for anffindividual test item.
The decision -to award one or zerq(has to be’made in rei@tion to
the degree that Ehe answer approaches the concept tested by that

test item. . _ . ,
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The first five test items of the Achievement Test éart I1
employ the same scoring procedure as Part I. Each of the last three
open search questions is worth three points. The student's answer
to each of the three questions is broken down into three components:

(1)'definihq a sample orlsamples used in the problem, (2) defining

a statistical procedure or method used, and (3) making a conclusion

or inference to a population or populations in the problem. Each of
the component parts of the student's answer is worth one point. No

S
fractional 'score is given.

Criterion Referenced Measurement

The Achievement Test in this study is intended for use as a
criterion referenced test. The criterion, or a specified level of
. quality used to judge a student's performance on the test, had to be

-

considerea and assigned. The criterion, or the specified level of
quality of the student's‘knowledge'about a specific concept in this
test, is designatéd as a certain number of ;est items with ;ight
answers fof.each of the specific‘objgctives of the unit, and also a
certain number for the whole ‘test. |

In setting the critérion, or the least number of'tgst items
the students are expected.to achieve in this test, two factors were
considered: the degree of difficulty of the test item, ;ndithé
degree of importance of the tested concépt to thé unit. The degree
of test difficdlty was decidéd in dfrec£ relatiog to the four leve1§
of mathematical thinking; Knowledge (K), Comprehension (C), ®

Application (A), .and Open Seafch.(OS). The higher the level of

mathematical thinking required, the fewer right answers to those
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test items can be expecFéd. Specifically, it was dec;ded to set the
criﬁerion with respect,to the degree of difficulty in this test as
approximately 90—1oog'of K, 60-66% of C, 50% of A, and 40% of OS.

The degreevéf the importance of the tested concepts to the
unit is considered according to the amount of fémphasis the teacher is
expected to place on each of the séecific objectives oﬁ’the unit, and
the roles those testing cgncepts éontribute to the unit as a ;hole.
Generally, the more important the tested concept is to the unit as a
whole, ghe hiéhgr the number of ;ightyanswérs can be expected to
those tesﬁ items. These- two factors, difficulty and importance, were
\considered when assigning the criterion reference for this Achievemet
Test with the following results: (for more detail see Table 4.4 and
Table 4.5) |

1. The criterion reference of tbe'instrument to meaéure the
unit contribution to the first objective of Alberta junior high
mathematics is 60%. ‘ h ,

2. The ériteriqn reference of the instrument for the.fifth
objective is 50%.

3. fThe criterion referencé of the instrument for the third

objective is alsoc 50%.

Test Validity and Reliability
The Achievement Test was developec by the author, two

mathematics education professors had input by criticizing the design

of the test grid in relation to its content validity, the representa-

tiveness and the reflection of the content in the unit. Wording of

the test items and questioning format were also discussed among the

» B L
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Table 4.4

The Criterion Referenced Measurement for Achievement Test
Part ‘I and the Application Part

No. of Test Items

‘ , Criter.
Spec. Obs. K C A ‘Total Refer.
1 4 4 2
2 3 3 2
3: 3.1 4 6 10 7
3.2 3 3 1 7 5
3.3 1 1 1 3 1
4 6 6 3
5 2 2 1
6 5 ) 3
7 5 ; 5 3
Total 8 19 18 45
Select as |
Crit. ¥/ (90%) 11 (60%) 9 (50%) 27 (60%) 127

Table 4.5

The Criterion Referenced Measurement for Achievement Test .-Part II
-~ ) '

No. of Test Items Category Total Scoring Weight Criterion Ref.

5 A 5 3 (60%) S
3 ‘ oS » : 9 ' ‘4 (44%)

Total 8 : : - 14 o 7 (50%)




panel. In addition; both parts of fhe Achievement Test were validated
by correlating the test fesults from one school in the study to the
results of I.Q. tests and the students' previous term math grades.

The computed EOrrelation coefficients of the Achievement.Test Part I
results and the I.Q. scores, and also of the Achievement Test Part I
results and the pre&idus math grades from,ﬁhe saﬁe group of students
were .80 and .90 respectively. The computed correlatign coefficients
of th? Achievement Test Part II results and I.Q. scores, and also the
Part II results and previous math grades were .76 and .82 respectively.

All Achigvement Test Part I items were scored by using the
dichotomous system designatéd either as a 0 or a 1. The.total score
for the test items for each student was recordedi as was the totél
number of students who had a correct answer for each.of these test
items. (See Appendi# I.) This/made available sufficient information
'in using a particular procedure to compute the test reliagility.

The particular procedure employed was the Analysis of Variance to
Estimate Reliability of Measurements as described by Winer (1971:283-
288). A computed reliability coefficient of .Qé was found for this
test. The result was qguivalent to the appliéation of the Spearman-
Brown prophecy formula.

Achievement Test Part II consisted of eight question items,
but was scored on the basis of a total score of fourteen for each
student. Eéchiof the classified testing points, awarded thg score of
one or zero, was assuméd to have the éame degree of difficulty.

' Ey
Consequeqtly, the K-R21 formula was chosen’ to compute the reliability

for this part of the test. A Kuder-Richardson Formula 21 reliability
1
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coefficient of .82 was found for the test.

Skill Test

The purpose of thé Skill Test is ﬁwofqld: (1) to investigate
the students' skill in the use of the fundamental process before
studying the uﬁit, énd (2) to provide data in assessing the unit .
éontribution to the second objective of junior high school matﬁematics
in Alberta; namely, tb develoﬁ skills in.the use of the fundamental
processes.

Skill in the use of the fundamental processes is aefined as
skill in the arithmetic computation éf addition} subtraction,
multiplication, and division. The standardizéd test for Arithmetic
Computation in the series Comprehensive Tests of Basic Skills Form Q
Level 4 for Grades 8, ¢ 10, 11 and 12 éut out by the Califo}nia,

Test Bureau wa§>used to collect data for the two described purposes.

Arithmetic Computation, Test 6 of thq.ten basic skill tests
in the series, consists of 48 multiple-choice items equally‘distfibuted
among the'four fundamental operations: addition, subtraction, multi-
plication, and division. The test. is arranéed with four items in
addition appearing in the first coiumn, four items in subtraction in
the second column, then four items each for multiplication and divisidn
in the third and'fourth éolumns. The arrangemeht of the four funda-

‘mental operations in columns' means that éach studepf, working across
the columns, is tested in ali four operations, regardless of ﬁis |
speed, without having to do a.separately timed unit for each operation.
The time limit for the test is 36 minutes.

The scoring procedure is straightforward, counting the number
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of right responses for each of the four operations and the total for
tKe test. Each of the four operations has a score of 12 with a total
of 48 for the test. The norms of the test for grade nine are reported

in Table 4.6

) : Table 4.6

Norms of the Standardized Skill Test
Arithmetic Computation

Raw Score in Tested Time of Year )
Percentile

Sept,Oct,Nov Dec,Jan,Feb Mar,Apr,May,June Rank Stanine
46-47 47,48 48 | 96-99 - 9
44-45" 46 47 90-95 8
41-43 43-45 44-46 78-89 7
37-40 38-42 - 40-43 60-77 6
30-36 _32-37 34-39. 41-59 5 .
23-29 35-31 4 26-33 23-40 4
17-22 18-24 , 20-25 11-22 3
13-16 14-17 : 15-19 5-10 2

0-12 ‘ 15-19 0-14 1- 4 1

Student Reaction Test

The purpose of the test is to collect data or information
about the studéntsi reéctions to thé instrgctioﬁal uﬁit after.having
studied it. The test was developed by the author with input from
the panel of three prqfessors during the discussion of design, format
and other aspects of the test. The complete Student Reaction Test is
found in Appendix E. |

The student reactions are categorized.under five variables:

(1) Enjoyment of activity "Do the students enjoy performing the
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activities du;ing the study of the unit?" (2) Ingerest of the c¢ontent
"Are they interested in the>stétistical content in the unit?"
(3) Difficulty of the subjgct "Do they feel that the unit in
inferential statistics is difficult for: them?" (4) The feeling O§
new knowledge gained "Do they feel that they gain new knowledge from v

studying the unit?" (5) Usefulness of statistics "Do they perceive

the usefulness of statistics as a result of studying the unit?"

A Likert type questionnaire, with responses categorized
]

according to the degree of agreement or disagreement with the state-
ment, we designed with five items for each of the above variables.
The questionnaire includes both positive and negative‘statements in

an appropriaterroportion, In all, there are twenty-five questionnaire’

items and space provided for an optional comment at the end e

test.

The student's résponse to each questionnaire itém is assigned
a number within the scale of 1, 2, 3, 4 and 5 with the_high score in
favor of fhe unit. For inétance, if the response is "strongly agfee"
to the statemeqt "the unit is difficult," that ;esponse is weighed
- - 3
The test reiiability was estimated‘by using a spli;—half
procedure among odd and evén item numbers. However, since the item
total of twen;y—five cannot be split inﬁo two equal‘parts; the -

formula by Guttman (1945) was employed. A reliability coefficient

of .92 was found for this test.

K



Teacher Reaction Test

The opinions of tﬁe teachers who taught the unit provided
anofhgf source 6f information for the“unit feasibility assessment.
For this purpose. the Teacher Reacthj& Test was developed.by the
author after consideration and discussién with the panél_of,three

professors. / ’
. “
L

Realizing the fact that only two teachers would be involved
and tﬁe informétion collected would not be appropriate to be aﬁalyzed
statistically,lthe general format of the test was designed as.an
essay typelquegtion. The teacher could alsb bé.asked to clarify her
answers.in order to provide more information.

F.ve questions were asked based on the following areas of
required information: (1) The teéchers' perception of the unit
contributions to the five obje~tives of junior high‘ma£hematics'in
alberta, (2) the reachers' perception of the instructional suitability
of the unit, (3) the teachers' perceptidn of the demands made on
the teachers} subject backgrqund in teaching the unit, (4).the’
teachers' perception of the student reactions to the unit, and (5).the
teachers' perception of the unit inclusion'in the core program. The
first question covered the same afeas of information as the Achievement
Test and the Sskill Test, while theﬂggg;th one covered the'same‘area
of information as the Student Reaction Test.

In this study, the information was collected by asking the
.teachers to write their impressions on separate pieces of paper.

No attempt was made to score the resﬁlts; the information was

simply summarized.
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SUMMARY |

The test instruments employed in this study have been des-

cribed in Chapter 4. The Conception Test is the instrument developed
for investigating the students’ anchoring ideas about selected
statistical concepts before and after the unit instruction.

Feasibility assessment in this study is measured with repect to three

refere: :d domains: the unit contribution to the Alberta -tives
) \

i

of junior high mathematibs, the student reactidns to the unit and
the teacher reactions to the unit. The Achievement Test was developed
and a standardized Skill Test }n arithmetic computation selected to
provide data to assess the unit's contribution to juniof high
mathematics. Simiiarly, the Student Reaction Testband the Teacher
Reaction Test were developed to provide information for assessment of
the unitvin_the second and third areas mentioned above.

The design and conduct of the feésibility study will be

presented next in Chapter 5.

)

[
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CHAPTER 5

o

DESIGN AND CONDUCT OF THE STUDY

> INTRODUCTION

. TS
The second and third purposes of this study are: t&\deter—

DN

)

. s . . A . .
mine the feasibility of the instruction ofthe unit for grade nine

students, and to investiqate‘thengtudént§' anchoring ideas about some

selected statistical concepts before and after studying the unit.

o

The development of the instructional unit and the test instruments
were described in Chapter 3 and Chapter 4 respectively. Chapter 5

presents a description of the design and conduct of the study as it
- &

pertains to the unit feasibility assessment and the investigation of

the students' statistical anchoring ideas. Population, sample,

teaching staff, classroom setting, operational plan for the instruc-
tion of -the unit, administration of the test instruments, problems

-;nvestidéted, hypotheses. tested, and analysis procedures are described’

in detail.

POPULATION

\
N The study wif conducted in two schools, School A and School B,

located in the city ‘of Edmonton, Alberta, during the months of March,

April, May and June, 1976. For the sake of conveniencé, from now on

School A -and School B wil} be referred to by using the designations

A ard B respectively. P

rd

-

/

~ . LS4
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Population A

School A was lncated in a school district covering an area of

approximately two square miles and including two junior high schools

with a total population of about 900 students. School A housed 435
students in a modern, well equipped building. The surrounding area
was partly —commercial and partly residential. The socig-economic

status of the area was middle class.

The population A for this study -onsisted of 120 grade nine
students divided into four classes which made up the entire 1975-76
grade nine population sf School A. In this school there were three

mathematics teachers.

A

School B ‘was located in a school district covering an area of

Population B

about two square miles, and including approximately 500 junior high
students. School B was a combined eleqentary-junior high sch;ol

: o Ey
which housed 240 elementaryvpppils andUHBO junior high students in a
modern,' well equipped building. The surroundinq a?éa of School B

»

~was residential, the socio-economic status ofvwhich was described as
low middle class.

Population B for this study consistéd of 47 grade nine
students dividéé into £wo regular classes wﬂich made up ﬁhe entire
1975-76 grade nine populatien of Scho&l B. There weré-t;o’mathgmatics

teachers at the junior high level of School B.

)
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THE SAMPLES -

Tﬁe two samples employed in this study were not.randomly
selected from the population described. Instead, they were picked
on the basis of School A and.School ? agreeing to make classtime
"available. Such nonrandom samples can be good representatives of a
target population if they are carefully described. Therefore,
information about, and charaoteristics of, the selected sémples are
Himportant. The sample selection and description of sample background‘

are presented next.

v

Sample Selection

v

Two samples, Sample A and Sample B, were chosen from the
above described populations. Sample A consisted of 21 students
chosen f;om a population of 120 §rade nine students in School A.
Sample B consisted of 27 students chosen from a popul;;ion of 4i )
._g;ade nine students in School é. Both the samples were formed by
the schools and the teachers into what is called "an option class."
By its nature, an option class generally is expected to be structu;ed
on.the basis of the interegﬁs, needs, and abilities of the students.
And it is expected to be structured by the individual school. Before
choosing to take the option, the students in the saméles were c
‘}nfOtmed tkat they would study a uﬁit in statistics in the option
classes. ”

Practicélly, the students in Sample A personall; seiected,
according to their own interest, to join the math option class which

met twice a week. The students came from three regqular classes
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in which they also studied a regular mathematics course—algebra— .
three forty-minute periods per week.

The students in Sample B chose to join the math option class 8
from the two available choices of math éption or. French option, each
of which offéred three periods per week at the same time. The

students in the math option class came from two different regular

classes in which they also studied algebra for three periods pef week .

Sample Description

Sample'A consisged of 21 grade nine students including 10
boys‘and 11 girls. The average age of the students in thg sample, up
ﬁo April 1976, was 178.10 months and the standard deviation was 4.43
monthgf I.Q0.'s of the students in the sample were me~sured bybusing
the Lorge Thorndike Intelligence Test in November 1974. The mean\\
I.Q. was 107.43, and the'standérd deviation was 15:51. Three students

had I.Q. scoreé lower than 90, and éleven students had I.Q. scores
higher than 110. Among these eleven: four students had reaéhed 120

or mo;e; The averaée gradé for mathemagics in the previous term was
71.19%, and thevstandard deviation was 18.57 Eleven students were ”
over the average grade and five.students were equal to or lower than

)
the grade of 50%.

The purpése of this sample description is to p;ovide as much
relevant information aé-possible about the selected sample. Because
skill in the use of fundamental arithmetic operations is important for
studying a unit iﬁ stQEistics, especially where the students have to
do computations themselves, it is worthwhile to include a description
of the arithmetic computational skill of the sample before studying

the unit.
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A standardized test measuring arithmetic computational skills
was giQen in February 1976. It had a mean of 33.76 arid a standard
deviation of 11.56 from a total score of 48. According to the norms of
the standardized test, with respect to the testing time as mentioned,
the mean of 33.76 is at the percentile rank of 44 which is in the

lower half of a stanine of five, or a middle group.

Sample B consisted of 27 grade nine students including 21 boys

-
&
\\A

‘and 6 girls. Up to April 1976, the average age of the sample was
178.63 months, and the standard deviétion was 5.52 mohths. The sample's
I.Q; scores Qere measured by using the Lorge Thorndike Igtelligence-
Test éuringvthe time the students in the sample studied in grade eight,
_before Christﬁaé 1974. The mean I.Q. was 101.11, and_the standard
deviatioﬁvwas 12.01. Among 27 studénts, there were 6 students who had
I.Q. scores lower than 90, and there were also 6 students above the
I.Q. score of 110. The average‘gréde for mathemat.cs in the previous
term wés 52.59%, and the standard deviatiop was 19.68%. Twelve |
students had mathemaﬁics grades aboye the average, half qf which got
a mathematics grade of 70% or more. . Among the gfoup_loﬁer than the
average grade, ;ix students had a mathematics grade'of 50% and six
Students got a lower grade than 40%. The arithmetic computational
skill as megsured by a standardized test in the middle ongarch 1976,
had a mean of 35.26 from a total score of 48, and a standard déviation
of 7.84. With régpect to the norms of the'standa;dized test, the mean
of 35726 lqcatgs abqut the percentilé rank of 50 which is aboﬁt the
center of a stanine of five, or a middle group.

“Sample A and B are summarized in Table 5.1, Mo;e detail can
be found ‘in Appendix G: In Séﬁple A, about two thirds'of-the students

were considered to be in a middle or higher I.Q. group, while about -



Summary of Sample Background

Table 5.1

Arith. Comp. (of 48)

Sample A ‘vSample B
Chafact. Meas. b3 SD b3 SD
‘I.Q. 107.43 15.51 iOl.ll 12.01
Math Grade (%) 71.19 18.57 52.59 19.68
Age (months) 178.10 4.48 178.63 5.52
33.76 11.56 ©35.26 7.84

[
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one third of those belonged to a lower group. Sample B had just about
the opposite characteristics of Sample A, that is, about one third were
considered to be an above average gréup and two thirds belonged to the
middle and lower groups.

Sample A had a considersbly higher previous mathematics grade
average—-71.19%—than Sample B—52.59%. - The average ages of the two
sampleé were very close. Sé;ple B had higher scores on arithmetic
cqmputational ékill than ‘‘ample A, however, Samﬁle A took the stand;rd-

ized test in arithmetic computational skill about a month before

Sample B.
TEACHING STAFF

The teaching staff cénsisted of two teachefs, called Teacher A
and Téachei B, and the author-who acted a§ an observer, a resource per-
son,’and a helper in checking the students' atténdance. Both teachers
were feméle and werelchosen on a voluntary basis of onevput of three
mathematics teachers in School A and one out of two in School B.

Approximately %our hours of inservice training was given
sebqrately.to each of fhe two teachers by the author about two weeks
before stafting the instruction of the unit. The emphasis of the
inservice training was concerned with the content and the instructional
approach in the uni;. Two sets of thé'constructed'lessons, avteacher'
copy and a student copy,‘were used. to illustrate and discuss the -
intent of the course during the inservice period.

Teacher A is an expérienced teacher, who has taught mathematics
at both the levels of senior high ahd}juniof hiéh school for a number

of years. She has two university degrees, a B.Ed. and a B.A., along

-
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with eight university mathematics courses.

Teacher B has six years'’ exbefience, all in School B. She
holds the university degrée of B.EQ., méjoring in mathematics. She
has studied six university mathématics courses, including algebra,

geometry, calculus, and one introductory statistics course.

CLASSROOM SETTING

\

It is not the purpose of this study to make a direct compari-
A\//son of .the results between the two selected samples. However, an

.  } attempt is made to point out that different results of the study may

.
T

be due to a difference in settings and environment. In addition, the
more information that is aVailablg surrounding the selected samples
‘dnd thé,conduct of the study, the better the inferences of the studf
can be interpreted in terms of the target populations. Therefore,
qlassroom'facilities and equipmént,.and the instructional setting

" are described.

v

Classroom Facilities and Equipment
‘Classroom A is a large Qpen'rectangular area, about 25 feet’
in width and 40 in length. It is modern and véry well equipped. .
There are chalkboards covering three sides,.££c1udiﬁg one long
side. On these'threé sides there are also threé bulletin bdard;
attached to the three chalkboardslih the corners of the room. There
is a movable graph board on a st;nd located in the remaining corner
‘of thevroom. On one end wall there is a rétractable overhead

projector screen. There are two doors, one at each end of a long

wall, in between which is a small room for housing materials for
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.

this classroom. There are two sets. of student desks, regular ihdiyid—
ual desks for when‘thé class is organized as a yhole, and a six sided
desk, which can also be split in half, for large or small group work.
Classroom B is quite small in comparison to classroom A.
'it‘is about 17 feet wide and 25 feet long. On one shortvwall,
which is considered the front of the classroom,‘there are a chalkboard
and a retractable projector screen; on the baék.ha11‘there is a
bulletin board. The long wallé form the sides of ﬁhe room. - On the
left are the windows with bull blinds and a long narrow cbunter under

which are several shelves for keeping materials; on the right are a

spare chalk board and the only door. - There are only regular individual
type student desks. However, they can be moved together for group

work when needed. . '\'

v
-

ﬂ// The prepared materials covering the unit of study were given
to the teachegs. Each teacher had both sets of 1esson§, a teacher

“copy and a student copy, for her instructional planqing. Each
student was given a typed copy of the lessons, but not the whole set
at the beginning, only fﬁe par£ ﬁhey were supposed to study in qlass
at the time. The materiafs for doing experiﬁents, such as a number
of boxes ea;h of which included thevnumbered square railroad paper, -
were prepared by the author and given to the teachers on the day
having that,payticular lesson. Appropriately marked graph paper,
and various prepared recording sheets were a&ailable ?o the student;s.~

Besides the above mentioned materials, -the students had their

own regular'ieagning materials such as pencils, pens,”rulers;'And so

on. " In addition the students in Sample A also had boxes of magic

o



colors for painting graphical figures in the examples oOr exercises
during the study of the unit. Some of their work was displayed on

the bulletin boards in the classroom.

Instructional Setting

Some lessons called for the instruction of the class as a
whole, while other lessoés called for small grbup ingpruction for
doing eiperimeﬁts. -When insgructigg thé class as a whole, the
teacher explained or illustrated the examples chosen to glarify the
concept being taught; at tﬁe same time the studenfs were &nstruéﬁed
to individually do their part, such as to comple;e the examples or
answer key questi?ps appe;ring on the student copy of the lesson.
The teacher walked around to help individual students when needed.

During those lessons which reguired experiments, the students
were iﬁstructed to form groups of two of their own choice to pérform
the activities. One stuaent performed thé experiment, while the
other recorded the reéults.. after that, the students inqividually
did the activities involved in recording data fromjthe experiment
such as drawing graphs, answering leading questi;ns on the specific

concepts demonstrated by the experiments, and making notes on the

conclusion.

In case of the student's absence from a regular class, both
teachers assigned extra work for'the student to do at home or some

other time in school.

AVY

\
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OPERATIONAL QLAN FOR THE INSTRUCTION

»

The unit of instruction was planned to include approximately ‘
twenty forty-minute periods of teaching time. Table 5.2 and Table
5.3 illustrate the actual operational plans for the unit of instruc-
tion in the two schools, described bfiefly day by day.

School A used eighteen forty-minute periods‘and School B
used twenty-two forty-minute periods as their éctual instructional
time. However; School A started teaching on March 11 which was
;lmost a month before & 31 B started on April 7, 1976. Both
schools finished teaching on ﬁhe same day—June 14. The class
schedules for tgaching the unit were different—two periods per
week for School A, and three periods per week for School B.

In School A, the first two periods were used for up—dating
the students' backgrouhd abbut graphs gnd some statistical terms. The
next thirteen periods were used in teaching Lessons 1 to 9, while orily
the last three périods were used in covering the content of Lessons
"10-15. The instructional.time for the lést po;tion was very rushed
due to the-ld&k of available instructional time. However, Teacher A
got some help from the author and one professor in modifying the

lessons to suit the time available and reviewing Lessons 12-15 for the

students.

For School B, the first lesson from the unit was used for the
\ - A
first period of instruction and the schedule went on regularly in
the first nineteen periods. The last three periods were used to

cover the content of Lessons 13-15 which would normally have taken

more instructional time. The author and one professor helped in



Table 5.2

Day-by-Day Instructional Plan for School A

Period Lesson
Number Date ' Number Remarks

1 March 11 Introduction to e.g. bar graphs, chart, circle
various graphs graphs, pictorial graphs.

2 18 Introductory‘ . e.g. data, frequency, and other
definition of terms appearing in Lesson 1.
terminology

3 19 ‘ 1

4 April 8 2

5 ' 9 2 Some students did activities for

Lesson 2, but some had to com-
plete their preparatory graph

" work before going on to Lesson 2
activities. :

6 15 Introd. to L.3 Developed by the teacher.

7 22 3 ’

8 23 3

9 29 4

10 30 4,5
11 May 6 -5 (cont.)
12 7 6
13 14 6,7
14 20 8 : o B
15 21 8,9 .
16 27 10 Lesson 11 and activity for L.10
’ o were skipped. Lesson 12 was given
to the students to study them-
selves.
17 June 3 " 13,14 " The author and one professor
, helped in setting the experiments.
The students were instructed to
complete drawing graphs at home.
18 14 15 - The concepts for L.13,14 were

_ explained, partly by the author.
Only experiment part of L.15
was done. The author had about
10 minutes extra time to review
L.12 to 15 for the students.




Table 5.3

pay-by-Day Instructional Plan for School B

Period Lesson
Number Date Number Remarks
1 | Ap;il 7 1
2 12 2 Reviewed Lesson 1 before starting.
3 .13 2 (cont.) Needed more time to draw graph.
4 19 3-
S 26 4 !
6 27 4 (cont.)
7 30 5 Some students still had difficulty
in drawing graphs.
Y%\,///&ay 4 5 {(cont.)
9 5 6 .
10 7 6 (cont.) ‘
11 11 7
12 12 7 {(cont.)
13 14 Quiz Questions developed by the teacher.
14 18 8 '
15 19 . Report quiz Reexplained Lesson 7.
. results
" 16 21 9
17 25 10
18 26 11
19 June 1 12 Also explained Lesson 1ll.
20 2 13,14 The -author and one professor helped
in setting the experiments for
_ Lessons ,13,14.
21 9 13,14 Drew graphs from experiment data.
) The author helped explain the
intended concepts.
f22 14 i5_ Completed only the experimént part

of lesson. Review sheets
developed by the teacher were
given to the students to study
by' themselves.

14¢

-



-\

teaching some sections, similar to what was done for School A.

TEST INSTRUMENT ADMINISTRATION

Pretest Administration

For the purposes of this study, it was necessagy to administer
only the Conception Tesﬁ and the Skill Test as pretests. The S#ill
Test was administered by the author with the help of the teachers
from both schools—1late in February 1976 for School A, and in thg
middle of Mé:ch 1976 for School B. Three students from School B who
missed the first test administration were given the test a week later.

. ‘ <

The Conception Test for School A was administered between the -
middle of February and the tenth of March, 1976. Due té the limited
time provided by the school té administer the ggst during thé above
period, seventeen students were randomly selected out of the total of

twenty-one. They were interviewed and their answers were taped.

The Conceptioﬁ Test fbr Sschool B was administered between é;e
last week of February and the sixth of April, 1976. Due to the
limited amount of time for adqinistering the test during that peried,

" twenty-five students out of the total twenty-seven were randomly
selected to take the test. Furthermore, the testing procedure hgd to
be modified.f Instead of interviewing and taping one by one, the
students were formed into groups of five, one group taking the test
at each time. To prevent the students from influégéing each othe?,:
the five students were instructed to sit apart in a.rééﬁlar classroom

and to independently write the answers on the paper provided. They

were also instructed to write their answers as if being interviewed,
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and to individually ask the interviewer for clarification-of the
o~ )

questions or the problems appearing on the test when needed. During

the testing time, the interviewer also walked around to check the

answers of ‘each of the five students and asked them to cla:..y some
points in their answers if -necessary.

A;thgugh it was necessary to change the format >Hr adminis-

i { . : . . . .
tering the Conception pretest m the individual interview testing
procedure originally designed to the group testing procedure just

described, care was taken' in designing the change in format to

. & - )
ensure that the results would be the same-—that is, that the statisti-

1

cal anchoring ideas of as many students from the selected sample as

possible would be invest fgfgted. S e

cPost—test Administration : T

i Alfhﬁugh only the,ngce?tion Test and the;Skiil &ést were
administeré; as pretests, all test instruments emplqyéa in this study
were administered as post-tésts. The administration of the post-
tests for both‘schools was completed vithin fen days after the last
lesson oflthe unit ;as taught. The o?deﬂ’for administering the tesés
was planned in the sequence of: (1) the Student Rea;;ion Test, '2) the
Skili Test, (3) the Achieven :nt Test, and (4) the Conception Test.
’AThe purpose in‘éettiﬁg the_administrationﬁof the tests in such a
sequence was to minimize the inf;peﬁce ;he taking of one éest could
have on another. 1In order to catch the students'reactions to the
course thle they ;ere still fresh and not_iﬁfluénced by, for instance,

any difficulty with the .Skill Test, the Student Reaction Tesﬁ was

administered first. ’Siﬁilarlxy the Skill Test was administered before
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L
the Achievement Test so that it would test the results of studying
the course on the students' computational skills béfore, for
instance, those skills could be influenced by probiems on the
Achievement Test involving computations.
e

The Conception Test was intended to test . .c students'’
stAtistical anchoring ideas, which were in the form of generalities
and abstractions, as they had been iyfluenced by the instruction of
the unit. It was also intgnded to partly measure the retention of
those new anchoring ideas, not the immediate memorized facts ‘from
the unit of instruction. Therefore, the administration of the
~onception Test was assigried to last place jn the sequence of post-
tests. Both schools managed to follow that assigned order for
administering the tests. The Teacher Reaction Test was given to both

teachers after the’completion of the unit of instruction, and in

order tc have them express their opinions in writing, there was no

time limit. )

Fo ‘hool A, only one student missed the Skill Test. For )
School B, th{ee students missed the Achiebement Test and two students
missed the Skill Test. Due to the limitations of time, the students

who missed tests were cut off from the number of students in the

sales for those particular tests.

“he amount of testing time was arranged so that the students
could use as much Eime As they wanted to complete the tests, except'

for the Skill Test ith had:to be completed within 36 minutes as

sZt‘by the standafdized|test. The Conception Test was AAministgiéd:\ﬂwqﬁig'
/ N . X Lo :ﬁ-" el
to a “~ol oup by instructing the students to individually write;gr:ﬁ-‘e
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the answers in the provided spaces after the guestions in the test.
They were also instructed to answer as if they were being interviewed.

The students completed the Conception Test within one forty-minute

a B

periéd.
The change. in the administratioi. :ormat of the Conception Test
from testing individuals or a small qfoup of students to testing the
whole class at the same time was necessary because gherghwas only
one Qgriod available from each of the two schools to administer the
test. It was important to ensure th ¢ all s£udents who  took ihe
pretest had a chance toltake the post-test. However, the testing
procedures, such, as informing students +to answer as if being inter-—
viewed, were similar to those emplo?ed in a small group. Furthermore,

because the students already had had the experience of taking the

pretest, they were familiar with the test and procednfés.

PROBLEMS TO BE ANSWERED AND HYPOTHESES TO BE TESTED

N
4

The problem§ and hypotheses are established with respect to

‘the three purposes of the study to d- .ine the constructibility of

the unit, to assess the feasibility of using the unit, and to investi-
gate the students' anchoring ideas. on some'statistical concepts. The
constructibility is defined as the unit appropriateness. The feasi~

bility is defined with respect to three referenced. areas: the unit

contribution to the five mathematics objectives, student reactions,

and teacher reactions. 30tn .ppropriateness and feasibility were

defined in Chapter 1.
B ,4"):

.
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Unit Constructibility

Problem: Can a unit in basic inferential statisf@dcs be constructed
in such a way that it is appropriate for grade nine students
- and is also appropriate for the five objectives of jgpior
high school mathematics of Alberta as listéd below?
1. To develop an understanding of méthematicq{.concepts
] 3 gn
and afpreciation of mathematical strgcture.
2. To develop skill in the use of tﬁe fundamental
_process.
3. To develop systematic methods Qf‘analyzing problems
and of presenting their solutions.
4. To devélop habits of precise thougft and expression.
5. To develop anzuegers£anding of the significance and
appreciation of‘;athematics in the modern world.
Feasibility Assessment C 3 »

1.

The unit contribution to.the objectives of Alberta junior high
v N

mathematics.

LA

1.1 To develop the understanding of mathematical concepts and

structures.

Problem: - Do the students who étudy the unit in inferential

l.1a

For the students ip School A.

statistics develop an understanding of statistical

concepts and structuﬁgg%ﬁ?s measured by the

. SRR
Achievement Test ggggéi,‘whlch reaches or exceeds
2 .
2 .

the criterion referenced measurement of the test?

D

SRy
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l1.1b For the:students in School B.

1.1¢ Forithe 1 *s in both School A and School B.

To develop srill in tre use of the fundameﬁtal process.

Null Hypothes.i: neré are no differencﬁs'between the
studeﬁts' skills in thé use of the
fundamental operations (addition, subtrac-
tion, multiplication, division, and the
four opera?ions combined) , as measured by
the standardized test of arithmetic computa-
tion, beforeiaAG after the instruction of .
the unit.

l.2a  For the‘students in School A.

1.2b For the students in School B.

1.2¢ For the students in both schools.

- ‘ .

To develop systematic methods of analyzing problems and of

presenting theif soiution.

Problem: Do the students who study the unit in inferential
statistics de?elop methods of problem solving, as
measured by the Achievemen£ Tééf Par; 11, which
reach or exceed the criterion referenced.heasure—
mént of the test?’

i.éa Forfthe students in Séhool.A.

1.3b For the gtudents in School B.

1.3c For ££e‘students in both School A and.School B.

Toﬂgevelop'habits of precise thought énd expression.

Problem: Do the students who study the unit in inferential
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_statistics express some observable behavior which
indi;ates they are devgloping habits of precise
thought and expression?

1.5 To develop an gnderstanding of the application of mathematics
in the modern world.

Problem: Do the students who study the upit in inferential
statistics develop an understanding of the applica-
fion of statistics, as measured by the subset of
the Achievement Test Part I, which reaches or

exceeds the criterion referenced measurement of

the test?
"1.5a For the sﬁudents in School A.
_ 1?5b For the students in School B.
1.5¢ For the students £n both School'A gpd'écﬁool B:
2. Feésibility assessment with respect to the student reactions.
2.1 The problems to be answered: B
How do the students, after having studied the ;nit in basic
inferential statistics, react to the unit with respect to
each of the five variables: (1) enjoyment of actiﬁities,
e _qz)'difficulty of’thé’subject, (3) interest of the content,
{4) - helief ?f new knowledge gained, (S)Ausefulness of

statistics: and all five variables combined as measured by

 the Student Reaction Test?

.2.1a For the students$s in School A.

2.1b For the students in School B.

sy w@ple For the students in both schools.
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2.2 The null hypothesis to be tested in relation to‘the signifi-
cance of the students' reactions go the unit of instruction
to the feasibility assessment:
There are no differences in the numbers of the responses
between "favorable"” and "unfavorable" on the student reactions
toithe‘unit with respect to each of the five variables:
(1) enjoyment of activifies, (2) difficulty of‘the sdbject,
. (3) interest of.the congent, (4) bélief of new knowledge
gained, (5) usefulness of statistics; and all five variables ;
combined as measured by the Student Reaction Test.
2.2a For the students in School A. | ,
2.2b For the students in School B.
2.2c For the students in both schools. .
3. Feasibility assessment with respect to the”teacher reactions.
Problem: what opinions do the teachers who teach théwuhit in
basic inferentiai‘statistics have about eaéh of the
folloWiné five considerations:, (1) perception of the
unit contribution to the objectivés of Alberta juniof
ﬁigh school mathematics, (2) perception of the
“instructional suitabilitf of the unit,” (3) percgptibn;
of the aemahds made on the tegéﬁer's subject backg;ound,
(4) pe?ception of the student reactions to the unit,
and (5) perception of the unit's being included in a
regular mathemgticsAprogr;m;—as,measu;ed by‘the

Teacher Reaction Test?

3a For the teacher in School A. ' oL



The Investigation of the Students' Anchoring Ideas
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3b For the teacher in School B.

~

1.

Problem: What are the students' anchoring ideas about each of the
following selected statistical céncepts: (l) measures
of central tendency, (2) the transformation of a mean
when a COnstanf is being added to each datum, (3) the
transformation of a mean when each aatgm is being
multiplied by a constant, (4) a nofmalldistribution,

(5) the use of a sample mean to estimate a popqlation
~ mean, (6) variability ofiscores, (7) the tranformation
of a variance when a c¢onstant is being added to each -
datum;and (8) the use of a meén,}rom a different size
sample to estimate a population méan——as measured py

1 - the Conception Test before and éfter the instruction of

b
the unit?

la For the students in School A.;b
b For the students in School B. ' .
lc For the students in both schools.

Problem:. How do students in both School A and School B change EQ’

"

£ .
their anchoring ideas between the pretest and post-test,

; .
as measured by the Conception Test, on the following
statistical concepts: (1) measures of ‘central tendeﬁcy,
{2) the transformation of a mean when a'cOnstant is being

added to ééch datum, (3) the transformation of a mean

when each datum is being multiplied by a constant, (4) a
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v
normal distribution, (5) the use of a sample mean to
estimate a population mean, (6) vgriability of scores,
(7) the transformation .of a variagce when a constant is
being added to ead¢h datum, and (8) the use of a mean

from a different size Sample to estimate a population

mean? ' . _
ANALYSIS PROCEDURES

This study by its nature is aﬁalytic and descriptive. The

data for some of the problems are measured using criterion-referenced

.

instruments. For other problems, simple descriptive statistics are
used to analyze data. However, some inferential statistical tech-

niques are used to test the stated hypotheses. Following are the

descriptions of the procedures employed in this study to analyze the

problems mentioned in the previous sectiofi.

Analysis‘for Unit Constructibility

The préblem of assessing the unit's constructibility is des- -
criptively analyzed by focusing on-its appropriateness for grade nine
students and for the five objectiyeé of the junior bigh school
mathematics p£ogram of studies. In particular, the basis for'assessing
the ﬁnit's constructibility comprises the design and constructién
prscedures as déscribed in Chapter 3, the statistical conten;
included, and the instructionai apbxoach selected. 1In addition, the
resultsvof thé Student Reaction Test on the variable "difficulty” ére

used to assess appropriateness for grade nine students. Finally,

some results of the feasibility assessment are used to assess the

R T

ke
3
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un®t's appropriateness for the five objectives of the junior high .

school mathematics program.

Analysis for the Feasibility Assessment

The Unit's Contribution to the Objectives of Mathematics

The feasibility assessment of the unit's contribution to the
objectives of the Alberta junidr high schobl mathematics program is
made using the following criterion-referenced measurements: Achieve-
ment Test Part I, Achievement Test Part II, and the subset of Achieve-
ment Test ?art I—items classified under the category of "application"
as descfibed in Chapéef 4. This relates to Problem 1.1, Problem 1.3,
_and Problem 1.5. |

The setting of criterion references is done in two stéps.
In ﬁhe first step'a percentage of correct res;onses is set as a |
criterion for a test. In the second stép the proportion of the
students who reach or exéeed this‘criterion on the test is set.

The first step in criterion referencing was described in.
Chapter 4; For the second step in criterion referencing, care must
be taken in considering the nature of the students who stuay the
unit and take the test. 1In particular; for this study, the nature of’
the students was defined in terms of i.Q. scores and partially in terms
of their previous grades in mathematics, as illustgatedﬁl?ﬁ%@pendix

G. As a .consequence, in the second step, the criterion reference

{ .
!

was set as the proportion of the students who have I.Q. scores equal

to or greater than one hundred.

The criterion references for feasibility Qf'the unit con-

tribution according to Problem 1.1,.Problem 1.3 and Problem 1.5 are
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sympolized as (é:n) where vt represents the criterion ggfgfehced
-measgfement of ;he test related to the first'step in criterion refer-
encing, and Jn" represents the criterion referenqed proportiog of the
students as related to thé second step in criterion referencing. In
this study, Table 5.4 illustrates the criterion references employed
for the feasibility assessment. - -

- To test the null hypothesis 1.2, including all sub-hypotheses,
about the development of skill in the use of the fundamental operations,
the t-=test procedure deaiing with the difference between two means on
) éérrelated obserQations is employed. Tﬁe aésuhption of a normal
population was checked.by plotting the graphs of the testing results
for each and both schools. The significant level for the hypothgsis
testing was set at .05.

. - ‘

 Finally, Problem 1.4, relating to the development of habits
of precise fhought-and expfession, is answered b§;aescfiptively |
analyzing the evidence from clasgroom observations duringvthe 5
instruction of the unit and some fesults of the Conception Test.
The analy;is is focused on the students' obsgrvable behavior which

indicated the development of habits of precise thought and expression

about statistics as a result of studying the unit.

Student Reaction Analysis

"rhe feasibility assessment with respect to the student
reactioné to the unit is analyzed using ﬁoth a deScriptive précedure
and a statistical techniqﬁe. ' - o | X
To test the null hypothesis 2.2, including all sub-hypotheses,

about the favorable and unfavorable student reactions to the unit on



Table 5.4
The Criterion Referenced Feasibility Asse .xmer.*
Problems Tested Instrument Employed School (c:n)

1.1 Achievement Part I - A (27/45:14/21)
(27/45:13/24)
A& B (27/45:27/45) -

; : » >
1.3 Achievement Part II A (7/14:14/21)
" (7/14:13/24)

A & B (7/14:27/45).

1.5 . Achievement Part I A (9/18:14/21)
(Subtest)i (9/18:13/24)

A& B (9/18:27/45)

<
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the specified variables, the chi square goodness of fit testing
procedure 1is employed. The significant level‘of .05 is set for the
hypothesis téstinq.

"Favorablé" and'"Unfavorablé" need‘clarification. For each
variable in the Student Reaction Test, there are five scales of
responses: 1, 2, 3, 4. 5. "Favéfable" is the number of responses
on the‘specified vaiiable rating in the scales of 4 and 5 and also
half the number of responses in the scale of 3. The rest of the
responses on the same specified variable are counted as fUnfavorablelf

(v_ Eor Problem 2.1, about the student re@ctiqns, a deseriptive
.procedure ié used. The mean and standard deviations\éfe computed for

each variable and for the total instrument. In addition, the number

of responses as well as the percent are illustrated in each of the

Y »
W

five scales of answers for every variable and for the total instrument.

Teacher Reaction Analysis

For Problem 3, about the teacher reactions to the unit, a i

v

descriptive procedure is used. The opinions expressed by each teacher

on a specified question are descriptively summarized.

mnalysis for the Investigation of Anchoring Ideas

Two stated problems, as mentioned in the previous sections,

. . I
are to be answered and analyzed; and for both problems, a descriptive

- procedure is employed.
For Problem 1, the investigation of the students' statistical

anchoring ideas before and after the instruction of the unit, the

results of both the prétest and the post—test are descriptively




analyzed. For each of the selected statistical concepts in the test
questions, the student answers are listed and ranked in order
accofding to ﬁhe quality of the answers. The frequency of responses
of each of tﬁese different answers is recorded and reported in percent
and aléo in to£al numﬁer. More detail can be fouﬁd in Chapter 4
concerning the‘scoring procedure for the Conception Test.

?or Problem 2, the investigation of changes in student
statistical concepts as indicated by the results of the pretest and
the post—test, a descriptive analysis is em; oyed. The analysis that
is used is similar to that used for Problem 1. For each of the
selected statistiéal concepts the student answers on both the pretest
and the post-test are combined in the same list of ranked answers.

From this list of ranked answers, some of the answers are categorized

as "satisfactory," or

’

or-"u". Furthermore, the satisfactory level is subcategorized as

s+, S, sf. The categorized jevels are defined in terms ofrﬁhe quality
of the answers fo£ each of the sélgctea séﬁ&ééﬁical concépts,‘and will
beiillustrated a§ a‘paft of the res&lts for‘Probleg 2 in Chapter 6.
With fespect to the above aescribeé categorization, the format
representing changes in the students' anchoring idéas bétwgen the
pretest and the poSt-test'is‘deéigned in a ma£fix form. ;hen the
results ére reported in’both percent and also.iﬁ total nu?ber of
students according td th- rfc.mat representing changes ln'the designed

matrix form. Full detail @ the analysis procedure for Problem 2 is

presented in Chapte: o, The Results of the Study.

o
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SUMMARY

.

Chapter 5 described the design and actual conduct of ‘bringing

the developed materials, the instructional unit and the test instru-
. ,

- ‘4

ments into operation in order to gather data or tinformation to answer

L]

the problems or to test the hypotheses set for the unit feasibility

Id
assessment and the investigation of the students' anchoring ideas.

"- .
Chapter 5 also described the design of analysis procedures for the
t , .

collected data in>preparation for the actual analysis of results

describedfin the next chapter.

Spec1f1Ca11y, the descrlptlons of populatlon,’

L . . ,
-sample, teaching

staff, classroom setting, operatlonal plan fbr tﬁewlnbﬁ:uctlon of the

unit,. test instrument administration; p;oblems;to be ansWEred_and
hypp%heses to be tested, and the analyéié‘pr0cedhkes émpldyed were

eresgnted in ChapterIS. Chapter 6 carries on the tagk of présentith

e

‘the resuits of the study.




CHAPTER 6-

RESULTS OF THE STUDY

‘fﬂr

The problem in this.sfudx has been stated. in its threefold
purpose—the assessmentﬁéf: 1) the‘constructibility of the unit,
(2) the“feasibilitQ.éf using the unit to teach grade nine students,
and,(%) the invesEigation of the students' anchoring:ideas on some
statistic—a’ cencepts before and after the unit instruction. Chapter 6
presents the results of the study relaeing to the above thr-e major
aspects. The problems to be answered and the hypotheses to be tested
afe restated. The analysis procedures for those problems and N
hypoﬁheses are described followed by .the presentation of the results.
‘Some direct conclusions reéareing each of the{results pfesented ;;e

>

also made.

THE UNIT CONSTRUCTIBILITY ' PR

Problem Restated : ‘ B - St .

-

Can a unit in basic inferential statlstlcs be construc?ed

in such a way that it is appropriate to grade nine.students 2
and is also appropriate to the five objectives of junior

high school mathematics of the Province of Alberha,listed

below?

(1) To develop an_ understanding.of the. mathﬁmatlcal
"concepts and appreciation of mathematlcal structure.

(2) To develop skill in the use of the fundamental processes.

- (3) To develop systematic methodsJ%f ana1y21ng problems

and of presenting their salutions. P

(4) To develop habits of pxec1se thought and expression. ,

(5) To develop an understandlng of the significance and
appreciatlonﬁof mathematics in the modern world.
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' The unit constructibility is descriptively analyzed with respect

to the umitf.construction as described in Chapter 3 and also incorporat-d

v t’ '
with the feasibility assessment presented in the next section. The

analysis is focused on the appropriateness of the unit for grade nine

students and the five %bjegtives of mathematics mentioned above.

The first part of the analysis of the unit appropriateﬁ@ss for

grade nine-students is focused on the justification of the content

selectidn) the prerequisites defined, the instructional approach

Yy y

selected, and the main instructional strategy'das;gncd. The second

o)

paft of the analysis brings in the empirical evidence that grade nine

students can adequately learn the statistical concepts with respect

' to the specific objectives of the unit described in Chapter 3, and

also the evidence of the student -

T

For the analysis of the unig\appropriateness

E3 Nee,
1 7ad

-ctioné to the unit on the variable

for the five

. A .
objectives of mathematics, the first part is the justification of .,

) ’ o
the assertion that the -unit fulfills the five objectives; ang the

second part brings in the empirical evidence to support that justifica-

tion. : ”

‘Results

% . : : o
A. The Unit Appropriateness for Grade Nine Students
1. From the unit construction” as illustrated in
1.1 The Content#Selection: The statistical

in the'unit,was7selected on the basis of the content
%} e : . ; .
various reports such -as the Cambridge. Conference and
e o R ; : S

F

i—,
Chapter 3.

gontént,includgd

reéqnhended by .

+

the Undergraduate
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tion.

examples along with grephical figures and also by doing experiments

L8

N
Committee on Statistics. Mareover, the content was selected with
respect to the consid@ération of its psychological, social, and

mathematical merit.

. 1.2 The Prerequisites Defined: The prerequisiées‘of the
uhit were chosen on the grounds that general grade nine students
should already have attained certain Skills,_such as the ability to
construct and read various graphs,.and skills in the fuhdamental
arithmetic operations. Moreover, probability, which is generally
believed to be the major prerequisite of inferential statistics, was

not treated as a rigid prerequisite for this unit. -Instead, it wz.

designed to be involved in a minimal and intuitive way such as the

i

.average grade nine stu ¥ should have had in his intuitive experience
ﬁ‘

or can intuitively grasp from the teacher during the course of instruc-

1.3 The Instructional Approach Selected: The ins£§hetional‘
7'}

approach selected for the unit was generally intuitive. .This

approach'was recommended by various reports advocating the; it is
appropriate for young children like grade nine students.

1.4 The Instructional Strategy De51gned 'The main instruc—

.

tional’ strategy empldyed in thlS unit was designed to sult the nature

of yourlg students. S;htistical conceptSwereillustraEed by using

when appropriate. Mo:eoVer,.fopﬁ&ogivaténg purposes, the,students'

personal data were used in spudying:the unit.

v

. . 9
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2. Incorporation with some results of the feasibility assessment.

2.1 The result of the.feasibility assessment of the unit

contribution to the first objective of junior high school; mathematics,

illustrated in Table 6.1 (page 170), also indicates thﬁ§?nit appropri-

ateness for the students as to whether they can agequately learn the

statistical concepts from the unit. The table illustrates the results,

with respect‘to the set criterion referenced measurement, as follows:

-

".11 80% of the-students adequately . learned the concept

of "population and sample."
2.12 73.37% adequately learned the concept

with and witHoutdr- .:cement.”

2.13 75.56% adequétely learned the concepﬁK

N
distribution.”

2.14 84.44% adequétely learned the concept
. of centrafékzndency." .
2.15 60% adequately learned the concept of
variabilipy;" )
. | - 7
2.16 68.89% adequate{& learned the concept
. transformation."
T ” o2.17 53.53% adeqﬁately learned the concept
‘ distriéétién." :

#7.18 55.56% adeqifitely Hearned the concept

“limit theorem."
. . . .
2.19 95.56% adequately ld@arned the concept,

estimation."”

AL et

of "sampling

e

bf "frequency

i

¥ B
of "measures .

"measures of

of "score

3

of "& normal

of "gentral
"¢
of "statistical

o
rd

o
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12.20 60% of the students adequately'learnedutﬁe statistical .
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concepts from the unit.
2.2 _The‘result of the unit feasibil{ty assessment with respect
to the student‘reactions; in particular sn the variable "difficulty of
.the subject,“ as 1llustrated in Table 6 $ (page 182), also 1nd1cates

the unit approprlateness from the students point of view.

The results indicate that: 4.58% of the students strongly

agreed, 21.67% agreed, 16.25% undecided, 52.92% disagreed, and 4.58%
'sttongly disagreed with the statement "The unit is difficult."” o

EE.
.

B. The Unit Appropriateness for the Five Objec’ives
of Mathematics ‘

1. The Justificatf%n of the Assertion that the Unit Fulfills the’
0 . ‘ . ’ v
Five Objectives.

v ;' The general proceduré employed in constructing the unit as
A T B ,

described in Chapter -3 started with the analysis of two main variables—

the content and instruction. It was the function of these_two variables,

i

as the§ were designed to be 1ncluded in the unit, to serve each of

the five objectives.

1.1 The unit in inferential statistics, like other mathematical

units, provided various statistical concepts and structures, as. des-

o

cribed in Chapter 3 on the content anaiysis, to serve the first

objective of junior high school mathematics. The intuitive approach,
» -

considered as.the -appropriate instructional procedure, was selected

for the unit in order to help thé students to develop an understanding

of those 1ntended concepts. : ' c A
N . ) . | ~ - (‘,
1. 2 The unlt provided varlous materlals sultable for thé

gfactice of skill in the'fundamental arithmetic operations, for

, o~

e -
>,
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example, the lessons on measures of central tendency, measures of

[

variability, and score transformation. However, this unit was con-
structed in such a way that the instruction compromised between the

practice of skill in the fundamental process and emphasis of the

o

intended statrstlcal concepts. The students had to do the computation,
althoigh some illustrated examples in the unit were cohstructed using
a small set of data with small humbers‘in order to save tihe for
manipulating.

1.3~ The unit was constructed in such a way that it provided
the problem solving methods involved in the statistical descrlptlve

procedure, . the statistical inferential procedure, and the general

statisticai procedure to serve thé purpose of the third objective of

junior high school mathematics. Various concepts included in those .

procedures were taught and illustrated such that the students developed
i v o _ :
the ideas of those intended problem solving methods.

1.4 fThe unit was constructed in such a way‘that it provided

[N

means for developing hakits of precise thought and exéressioh.

v

<

Statistical terms, formulas, and definitions were taught and illus-
trabes in order to help the students develop precise ideas “about those
intended concepts by thinking them through ahd’expressiné them. 1In
addition, symbols of statistical: terms, formulas, and - deflnltt?ns were,

introduced and 1ntentlonally used throughout the prﬁgess of the unit
A . FCANR ~°b é
1.5 Statlstlcs, by its nature, is applled mathematlcs. This
B R
un1t was constructed in sth a way that the students developedf an
: e

1nstruct10n.

understanding of theaconcepts and the appllcatlons of,those concepts.
, - s . : e

3 ) R o
- . ' : o - . ’ - s
: . R g . L o

i : fa 9
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The students' personal data included in the unit, besides motivating.

‘

the students to become involved in the study, also served the purpose

N

of applying the statistical concepts to those personal data. However,
the unit instruction was de$igned to compromise between sihple
‘created data to illustrate the intended concepts and real data for
applying or illustrating those concepts because the real data tended

~ _
to have the uncontrolled disadvantage of involving complex manipulation

and computatior that consumed too much.instructional time and bored

some students.

2. Incorporation wi : some results of the feasibility ar :essment.

o

The unit appropriateness for the five objectives of mathematics

> P )
was analyzed with respect to the unit construction. 'The unit was

-designed and constructed such that it was appropriqtely expected to

‘serve each of the five objectlveSaas already descflbed above.

Theée results and conclusions are described next.

FEASIBILITY ASSESSMENT

1. The Unit Contribution to the“Objectiveé
of Alberta Junior High Mathematics |

= A J

‘ 1 l Problem Restated
o ——
Do the studeﬁts who study the unit in basic inferentia?f
z statistics develop the understanding of statistical concepts
- zand structures, as. ‘measured by the Achlevement Test Part I,

2 ‘-‘ s -
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reaching or exceeding the criterion referenced measuYyement
of the test?

l.la For the students in School A : 7 R

1.1b For the students in School B
1.1lc For the students in both schools.

Analysis Procedure

The problem is analyzed with respect to the two criterion
. - .
referenced dimensions: the criterion referenced measurement of the

test, and the criterion referenced number of students who achieve the

criterion referenced measyrement. For the second dimension, the

criterion referenced number of students is set as follows: 14 out of .

- ﬁ,:‘(la

21 students in School A, 13 out of 24 students in School” v and

27 out of 45 students for both schools. (The Criterion Referenced

. 1 ) .
Feasibility Assessment is illustrated in Table 5.4, page 158.)

jl

Results

Table ‘6.1 illustrates the results of assessing problems

o e

l1.la, 1.1b, and };lch The tablé presen£S’the criterion scores‘for

.thdigést gith respect tb eadh of the seven specific objectives of

the unit, and also the criterion sco;eﬁ%ﬁor the whole Achievement Test

. > . .
part I. The numbers and ‘percentages of the students, for each and

both schools, who achieved the criterion scores for each item and
the whole test are also reborted._ The means and standard deviations

i

-

:.,of the studentsﬂgicores for each and;bpth schools:are given for the

_purpose of describing the students' achievement.

\ R -
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Conclusion -

Fourteen out of 21 ﬁtudenté in School A, 13 out of 24

W
b

students in School B, and 27 out 'of 45 students in both schools
achieved the criterion referenced %cores. Therefore, the students

in School A, School B and both schools adequately developed an under-

standing of statistical éoncepts and structures from the unit.

1.2 Null Hypothesis Restated

There are no differences between the students' skills in

the use of the fundamental operations (addition, subtraction,
multiplication, division, and the four operations combined),
as measured;by the standardized test (Comprehensive Tests of
Basic Skills, E®rm Q4—Arithmetic: Test 6—Arithmetic
Computation), B&¥ore and after the instruction of the unit.

1l.2a For the students in School A

1.2b For the students in School B

1.2c For the students in both schools.
-

Analysis Procedure

The hypothesis was tested by employing the t-test

procedure for testing the difference between two means of ¢orrelaped

observations. The significant level, of .05 was set in the hypothesis

+

"testing.’

| Resui&ég‘. ’ ‘ o e v

Table 6.2, Table 6.3, and Tablé 6.4 illustrate the r;sultsi

.;:(

SV

of testing the null sub-hypotheses 1.2a, 1.2b, and 1.2c. Each of these

" tables gives the test of fundamental operation tested, the mean (d) and
9 o v : ’

the standafd deviation (sd) of the students' difference scores
petween pre and post-tests, degree of freedom (df), the value of

‘observed t score, and the probability (p) of theisgserved t, value.

- k3
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* ° Table 6.2

The Analysis of the Skill Test Results for School A

Operation Tested : d sd as t ' jo)

. . “i,
Addition .15 1.50 19 .45 .6<p<.7
Subtraction .80 1.51 19 2.37 p<.05%
Multiplication - 1.25 2.31 19 2.42 p<.05*
Division 1.05 1.14 ‘19 3.05 p<.OL**
All‘four/gbératiohs 13.30 5.22 19.  2.83 " p<.05*

* i
Significant at .05
* % A
Significant at .0l , .
Remark: A?eject the null hypothésis 1.2a:in every specified case
of operations, exgept addition. ' B
‘ . .

2



[y

Table 6.3

The. Analysis of the Skill Test

Results for School B

OperatioA“Tested a sd df t P
addition ‘ .44 2.02 24 .09 .2<p<.3
Subtraction - C.24 1.42 24 .84 .4<;_::<.5
Multiplication o .40 1.19 24 .68 .1<p<.2
pivision ‘ 96 1.67 24 .87 p<.01**
a1l four operationsf} .04 “4.54 24 .25 p<.05*

1

———

. * . ’

Significant at .

%ok )
Significant at .Q}

‘Remark: Reject ch» null hypothesi
four operations comb nec. . /

/

/

7/1.2b on division and éll-
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fable 6.4

The Analysis of the Skill Test Results for Both Schools

Operation Tested - d sd af £ p

— X

Addition 3y 179 44 1.16 .2<p<.3
Subtraction 49 1.47 - 44 2.23 p<.05*
Multiplication .78 1.81.0 - 44 2.89 p<.QL**
Division ' 1.02 1.62 44 4.24 © p<.01**
All four operations 2.60 4.84 44 3.60 p<.OL**

* .
Significant at

* %
Qsignificant at

Remark: Reject
addition.

.05
.01

the null hypothesis 1.

. -“\

B
A e

-~

2¢c in every case, except
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anchoring ideas sho at *'he assessment of unéerlyinq learning
outcomes which ca: : 2ctly measured by achievement tests.

3. The te: ~dure employed in this study to investigate
the students' anchoring ideas is qénerally appropriate for the intended
purpose. The development of a test which gmploys exaﬁples to 1llus-
trate ‘the testing situations, followed by the intended questions, 1is

ki
recommended. The communicating . rocedure which employs a partial
interview procedure’is qbod, in particular, for the pretest. However,
there 1s the disadvantage of too much testing time béinq required fo;

the rnterview procedure. ¢

One possible recommendaglon is to use more interviewers 2
| . | !
operating at the same time, each of whom follows the same instructions
aqregd upon. The other.possible.{ecpmmnndation is to modify the
Conception Test such that the students in the whole class can.take it
at the same time by cénstrdctinq a test witp open end choicés of
answers. The choices of answers may be developed with respect to
the results of previous studies (if any)) and a blank provided for
each test item as an open end for adding different answers. The
results of the inifstigation of thevstudents' anchoring ideas from
this study can be used as possible answer'. choices for the same

selected statistical concepts.

. E. For Further Study.

With respect to the three purposes of this study to construct
an instructional unit, to d@termine the feasibility of using the unit,

and ‘ves;igate the students' anchoring id s, the following

t

further studies are suggested:



1. Tpere exist severul variations in developing an instruc-
tional unit in statistics. There is no absoluterevidence indicating
‘that one particular procedure in developing a unit is superior
to the others in all aspects. There is always a place for a unit
developer to create a new instructional unit with respect to one's
own - “ion. One aspect seems to be common among the results
of va .ovus sc:dies involving‘the feasibility assessment of a con-
structed instructional urnit, that is that, in the yr.itive domain,
Stgdents,can adequately learn‘statisticél concepts and principles/in
an instruétional unit as indicated‘by sych spudies as thosg of\Drake

A

{1941), Smith (19o6), Shulte (1970), and this study. However, the
results with respect to the affective domain are“not congruent, in
particular, in relation to the students' deep-seated attitudes

L

such as enjoyment and interest. Therefore, there exists a place for

f;rther study in developing an instructional unit aiming at improve-
ment of the studehts; attitudes. - o B I

2. Further feaéibility Studiés on the instruction of infer-
ential ;tatistics could bé done in relation to the various aspects of‘
the rééﬁlts of this study.

2.1 Since the study‘involved only 48 grade nine students,
the mate:ials in the unit could be used to teach a larger ngmber O€,=
grade nine students in order to further substantiate the resiults. |
And since this study involved only the'grade nine level, the materials
in the unit could also be tried ogt in grade seven or eight as a

feasibil.ty study and to assist in judging the grade level most suit-

able for the material. The materials. in the unit could also be used



fo teach different specified types of students in various grades so
that the materials could be improved to su:t those types of students
since the ultimate goal is to provide all students with some statis-
tical knowledge before going out into society.

2.2 The results of this study “indicated that the instruc-
tional variable seems to be the major factor influencing the students' *

attitude toward the instruction of statistics. The materials in the

unit of this study could be modified by using ofher types of instruc-

\

tion. For instance, the lessons employed in this study could be
modified by using the individualizea inétruction method.

2.3 The Statisticél content covered by the unit employed ~
in this study is only a set of;seiected concepts from\the large field
of inferential statistics; the highdst topic covered .s statistical
estimation. An instructional unit in inferential statistics covering
as high as®the hypothesis testing concept'%ould be developed and tried

out 1in various grades.
:

2.4 Because statistics by its nature involves a lot of
mathematical computation, an instructional unit in inferential statis-
tics co;ld be developed for use with a small electronic calculator
or a computer. Many students during this study complained about
the computation of standard deviation, some also indicated negative
comments about standard deviation in the Student Reaction Test.
Moreover, small electrénic calculators are becoming commonly gsed.by
ordinary.citizens in everyday life ig modern society.

3. The investination of the students' anchoring ideas about

statistical conc: ¢s in 1. study can be viewed as a preliminary
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exploration into this aspect of the study. Further‘study could be
done to enlarge the field.

3.3 The invecs*igation of th- students' anchoring ideas
could be further studied by ?nvolvinq more students and in various
grades, so that the results of the study would be more conclusive
and be significanty evidence for later reference.

3.2 The testing instrun.:nt called the Conception Test
in this study needs further modit.cation to maximize the validity
and reliability of the rec:lts, and to make it more convenient and
efféctive for use involving a large number of students in various
different types of statistical concepts.

3.3 The investigation of the students' anchoring ideas
about problem solving methods bused on statistical ways of tﬁinking
similar to those appearing in the Achievement Test Part II in this
stud; is worth further exploration. How do thé students change their
anchoring ideas on problem solving methods, especially for the open

N
search problems, during a unit of instruction in statistics? To
deve;op a suitable problem solving method based on statistical
principles is an important effect expected from statistics instruction.

3.4 The students' pre anchoring idea is the most influ-
ential factor determining the learning outcome according to Ausubel.
Can -the degree of relevance of a students' pre anchoring idea, or

background, to a particular learning =-ask involving statistics be

assessed? This aspect is worth further investigation.
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LESSON 1 FREQUENCY DISTRIBUTION

PURPOSE: To introduce the basic concept of frequency distribution:
%)

A frequency distribution table.

EXPERIMENT: ‘Suppose 30 grade nine students of a certain school have
» already been réndomly sampled to measure their heights
(in centimeters) with the following results:
162 166 163 164 167 165 168 166 164 165
163 169 (:;22> 164 167 165 168 166 le7 HYC)
) 166 170 164 167 165 le68 166 168 167

MATERIAL:
PROCEDUR! . Study and follow the illustrations:
Part A:' A freauency distribution table

1. When we look at the data in our sample, we can not see clearly
what heights the majority of students seem to have. The following

table will help to figure it out.

. Students' f, number of students withiﬁ
heights Boundaries Tall: these boundaries
170 _ 169.5-170.5 1
169 168.5-169.5 L 2
168 167.5-168.5 211 4
167 166.5-167.5 31} 5
- 166 ~ 165.5-166.5 H33 11 7
165 - 164.5-165.5 1111 4
164 163.5-164.5 1111 4
163 162.5-163.5 11 2
162 161.5-162.5 1 L 1
Table 1
1.1 Can you tell the number of students for every height in the sample?
1.2 What height has the most number of students? '
1.3 What height has the second most number af students?
1.4 What heights have -the third most number of students?
5 If ope would describe the sample that the majority of 30 sStudents

seem to have their heights between 164-168 cm. Would you agree?
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From Table 1, you have learned-

2.1

Frequency

what is frequency?

What does thé‘tétalvfrequency represent?

Class interval or simply called "interval" as the example

169.5-170.5, 164.5-165.5 etc.

Boundaries of an interval

There are two boundaries for each interval: the right most

boundary or the upper‘boundary, and the left most boundary

or the lower boundary. . ‘
Example: 167.5-168.5 is a class interval, the right most
boundary is 168.5 and the left most bound:;y is 167.5

The width of an interval is simply the distance between the

left most boundary to the right most boundary. The width

of the interval 167.5-168.5 is 1. Does every interval in

Table 1 have the same width? ‘

Observe: the students' heights are arranged in order of

magnitude, we call a set of ordered scores (x). For each

score (x) there is a corresponding number of students (what

is known as a frequenc?), we may call a set of corresponding

frequency (f). A

A set of ordered scores (x) together with a set of their

corresponding frequencies is called a frequency distribution.

Example:

170
169
168
167
166
165
164
163.
162

L S I - N S B B O N

£f=30




\

Sometimes the width of an interval, 1, is too small to clearly see

the important feature of the frequency distribution.

the width of an

Complete the following tabl

Table 3A

2

/

es:

interval as we want.

Wwe can enlarge

Students' heights

AN

Boundaries

Frequency (f)

169 or 170
167 or 168
165 or 166
lo3 or 164
161 or 162

160.5-162.5

Table 3B

Students' heights

Boundaries
A

168 - 170 | ... 7
165 - 167

A

wWhat is the width of an interval in Table 3A?
in Table 3B?

From Table 3B the students' heights between 168-170 has a

"frequency of 7. Could you tell exactly‘what‘Fhe frequency

for each one of L68, 169, or 170 is, without checking back in
Table 1 or the original data?

What heights have the most frequency in Table  3A?

in Table 3B?
Observe from Table 3A and Table iB that we lose some detail
about frequencies, especially for particular heigh*. Howeve;;
in some cases, we still need to divide the scores into big
class intervalsvfor clearly seeing the important features of
the frequency distribution; for instance if there is a large

number of scores or the difference between the smallest and

the greatest score is very big.

290
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LESSON 2 GRAPH OF FREQUENCY DISTRIBUTION

L
PURPOSE: To usce graphs to illustrate the basic concepts of a
frequency distribution ‘
1. A histogram

2. A frequency polygon
EXPERIMﬁNT: -
MATERIAL: Frequency distribution table from Lesson 1.
PROCEDURE: Study and follow the illustrations:

A histogram

1. Frequency distribution can also be uraphically illﬁstrated:.
A histogram can be constructed from a frequency distribution
table. ’

Table 1 is used to construct the’following histogram:

£
A
.
6
>
44 > »
3
2} T 7]
-1 : C
l ‘ X J L———W Students' (%)
{162 [ 163; 164 165! 166 167 1681169 | 170" heights
t ' 0 : f i N H l’ :
161.5 162.5 163.5 164.5 165.5 166.5167.5 168.5 1695 170. 5

Figure 1

When a frequency distribution is illustratéd by a histogram, a

set of scores (the students' heights) and a set 6f their

corresponding freéuencies are designated by rectangular boxes.
ﬂ\ 1.1 What does a height of a box indicate?

ll,2 what does a horizontal side.of a box represent?

1.3 What is the total afea of the above histogram?

1.4 Wwhat is the area of the box of the interval 165.5-166.5?

1.5 If you would like to randomly select one student from the

above 30 students, what is the probability of getting a

15
h
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166 centimeter height student?

What does the answer for Question

Questions 3 and 4?

What is P(x g

Could you express P(x 3 167)

)

relate to the

answers of

165)? when x represents the students’' heights?

in the histogram?

in terms of the areas of boxes

A histogram can also be constructed by using a set of scores and

their corresponding relative frequencies as follows:

Scores (x)

Frequency (f)

Relative frequency (f/n)

¢

Figure 2

170 1 1/30
169 2 2730
168 a 4/30
167 c 530
166 7 7/30
165 4 /30
164 4 430
163 2 2/30
162 1 1730
N = 30
f/n”
/;> -
/"
8/30
7/30 — -
6/30
5/30 S
4/30 mﬁ
' 3/30 ;
2/30
1/30 —
p l 3
162 163 164 165 166 167 168 169 170 ~ Scores (x)

'

2]

te

>



2]

Do you observe what relative frequency 1is?

Does the histogram in Figure 2 look different from the one
in Fiqure 1?

What does a height of a box indicate?

What is the total area of the histogram?

What is P(x =166)7? Is it the same as the area of box for
166 cm.? .

If you find the area from box 162 to box 165, wh‘;t does the
total area represent? ‘

What is P(x > 167)?

If P(162 to x) =1/2; can you tell the value of x?

RRR!
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A Frequency Polygon
3. A frequency polygon can be constructed from a histogram. The
histogram- in Figure 4 is used to construct a frequency polygon

as follows:

, — A
[\

/ 1\

/ \

/ o ‘ \.

¥y

|
|
“ |
|

- A

' 162 163 164 165 166 167 168 169 170

¢

il

162 163 164 165 166 167 168 169 170

.

Frequency Polygon



4.

’

A frequency polygon can also be constructed directly from a
frequency distribution table.

Construct the freqgquency polygons from the following table-

4.1 Grades o Frequency
A ' 5
15
25
10
5

oo 0w

Frequency 15
Y

5 b
A 4 SR S — —A x
0 E D C B A
Grades

4.2 mScores Midpoint | Frequency
16-18 . 17 1
13-15 - 14 : 3
10-12 11 5
7- 9 8 4
4- 6 S 2

Suppose the weights of 40 grade hine students have been measured

in kilograms with the following results:

74, 73, 72, 70, 69, 69, 68, 68, 67, 67,

66, 66, 65, 65, 65, 65, 64, 64, 63, 63,

62, 62, 62, 61, 61, 60, 60, 59, 59, 58, .
57, 56, 55, 54, 52, 50

66,
63,
57,

295
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the

296

following table by using the above data.

X

Tally

" Freguency

74
73
72
71 .
70
69
68
67
66
65
64
63
62
61 .
60
59°
58~
57
56
55
54
53
52
51
50

-

5.2 Complete the following table by using the data in 5 or 5.1..

X Midpoint Boundaries £
70 - 74 72 \
65 - 69 67
60 - 64 62
55 - 59 57
50 - 54 52
/v Lf = ...

4
v

5.3 (Construct the histogram for Tapie 5.1 and 5.2.

Which histogram seems to clearly indicate the important °

feature of the distribution of the students' weight? ~
¥ -

v
L



PURPOSE :

10

LESSON 3 SHAPES OF FREQUENCY DISTRIBUTION

1

To introduce the basic concepts of the following frequency

distribution shapes:

1.

s w N

EXPERIMENT:

MATERIAL:

PROCEDURE:

Example

Bell-shaped distribut%on_

Rectangul&% distribution

U—shabed distribution

Triangular distribution ) -

Miscellaneous distr bution

1. Draw a histogram for every example.i

2. Observe if a histogram describes the name of a
distribution. o

The shapes of frequency distributions occurring in

statistical practice vary considerably. The following

examples will illustrate some of those freaquency B

distributions.

of a bell-shaped distribution:

. A group of students performs a certain physical education activity.

A teacher uses a nine point scale to grade them as the following

‘table:

Score scale : No. of students

1
3
5
10
15
10
5
-3
1

WO d0 b w N
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2. FExample of a rectangular distribution:

R

.
’

The following table is the distribution of the number of students

"
in a certain ele&Entary school. .

de

Gra

l.

AU w N

L}

No. of students

25
25
25
’ 25
25
25

3. Example of a U-shaped distribution:

Twenty-one families are selected to inves
The result is as follows:

No. of people in a family

A

D
e the family size.

»" of family

3

O 0~ U s

4. Examplé of ‘a triangular distribution:

Uw oW

The annual income of the people in a certain town has the

following fréquency distribution table.

Annual income

"5

(Voo s R o))

10

11

($1000) No. of people (in 1000)
7
. 6
5
4
~ 3
..é_



Example of a miscellaneous distribution (not belonging to — C,

Examples 1-4): ' . l/
. o

The opinions of the s;udents in a certailn school were inbésthated

on the issue "Boys in £he school are allowed to have long hair."

The following is the result:

Answer No. of_ students
SD (Strongly disagree) 100 )
D (Disagree) ‘ : 450 )
U (Undecided) - : 300
A (Agree) ' 250
SA (Strdngly agree) : 100

Remarks:

6.1 The distributions from Example 1, 2, and 3 are "symmetrical"
because we can draw a vertical line dividing a histogram into
two identical halves.

6.2 The distributions £ m Example 4 and 5 are "asymmetrical"
because we cannot find a vertical line which divides a
-histogram into two identical halves.

6.3 In practice we will not get exact shapes of distributiqns
as illustrated by Examples 1-4, bu" .~ may approximate a

shape of ‘the frequency distributicr re- e~rring to those names.



PURPOSE:
1

2.

3.

' EXPERIMENT :

MATERIAL:

PROCEDURE :

1.

LESSON 4

13

Population .. 1 sample

Sampling

To introduce the basic concepts of:

EXPERIMENTAIL DISTRIBUTION

Using a sample distribution to predict a population

distribution.

Drawing a sample of size 50 from Box "B"

Box "B"
X £
100 1
101 2
102 5
103 9
104 19
105 28
106 19
107 9
108 5
109 2
110° 1
N=100

Box

L oBNC IS B ANV, I A N | >

D O el ol R T SRR
HOWVWoOVUoOULWLN-O

nNn

rn

1
2
3
4
7

9
12
15
18
19
20
19
18
15
12

9

7
4
3
2
1

N=200

A papeér to record a sample.

A paper to construct a frequency distribution table

and a histogram.

Form_a group of two.

.

Box

Box

| %

W Oa» s w N

llNIl

nTn
£

20
19
18
17
< 16
15
14
13
12
11

-
o

HNMwbOoouomo

N=210

" Go to the location of one of Box "B" or Box "N" or

Bbx "T" as the teacher's assignment.

- One student in a group shakes the box, then blindly

picks a piece of paper from the box and reads the

£

Box

300

uTvl .



10.

11.

14

number to another student to record on a prepared paper.
Without returning any previous pieces of paper which
have already been }ecorded, repeat "step 3" until you
get fifty numbers on the recorded sheet.

Return all pieces of recorded-numbe:s to the box, and
another group will follow.

Use the data from the recorded sheet to construc£:

6.1 A frequency‘distribution table

6.2 A histogram

6.3 A frequency polygon

A set of data in each of Box %" or B:x "N" or Box "T"

Jis called a "population."”

A set of data collected from any population is called
"a sample." As the example the set of data in your
recorded‘sheet is a sample of a population in Box "B"
or Box "N" or Box "T". The sample size is 50.
Awgrocedure used to collect a sample is c&lled
"sampling." Step 3 and 4 are our proéedure to collect
a sample. It is called "sampling without replacement.”
Usually the distribution of a population is not known.
But we could observe the distribugidn of a sample taken
from tha£ population to predict or estimate the popula-
tion distribution. Statisticians generally make the
;ssumption about a population distribution beférehand,
for instance, the heights of all grade nine students is
a kind of bell shaped distribution as the assumption. .
However, to make sure that the assumption is safe, a
sampie distribution will be observed and checked later.
Observe the frequency polygon in "Step 6." -
11.1h Does thevfrequeﬁcy polygon indicate some shape of
distribution? 5
11.2 Wwhat kind of a population distribution would you
predictsby obserJing the frequency polfgon of a

sample? (Referring 'to the shapes of distribution

in Lesson 3.) Ny

301



12.

‘15 302

11.3 A sample size is 50. A population size: Box "B"
is 100, Box "N" is 200, Box "T" is 210. The
distribution of which box seems to be best
estimated by a sample‘of size 50? Wwhy?

Remarks:

12.1 The teacher is expected to elaborate ﬁhe concepts
of "population," "sample," and "sampling without
replacement."

12.2 The teacher may reco&mend students to construct

a frequency table by using the class interval of
width "2", because if the class:interval of width
"1" does not clearly indicate the important

feature of the distribution.
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RECORDING PAPER

Score (x)

303

Box B Box T Box N Tally Frequency (f)
100 1 1
101 2 2
102 3 3
103 4 4
.104 5 5
105 6 6 ‘
106 | 7 7
107 8 8
108 , 9 9
.
109 ! 10 10
110 11 11
12 ‘ 12
13 13
14 14 )
15 15
16 16 Y
17 ;7
18 18
19 19 .
20 20 :
21
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LESSON 5 COLLECTING PERSONAL DATA

PURPOSE: 1. To introduce some real situations in collecting data.
2. To motivate students by using their personal data to

illdstrate statistical concepts.

EXPERIMENT: -
MATERIAL: Eleven pieces of paper for collecting personal data. /_¢
- ' \
1. Height (in nearest inch) oo
2. Weight (in nearest pound)
3. Age {(in nearest month) . \

Approximated hours watching TV per week

Supper }ime (nearest 15 minutes)

4

5

6. Bed-time (nearest 15 minutes)

7 Gettiné up time (nearest 15 minutes)
8 Number of children in a family

9 Money allowance per week (in dollars)
10. Social studies marks (last term)

11. Shoe size.

PROCEDURE: 1. Every student gives his or her own information on a

collected sheet of paper.
2. As-a student's own choice or the teacher's assignment
2.1 Select tQ; sets of data to construct frequency
tables | ‘
2.2 Construct the histograms.

3. Describe approximately the shapes of distributions in
"step 2."

4. We can view each set of data as a sample from a’
population. wifﬁ you agree if we view the procedure
of coilecting these samples as "sampling without

. replacement”? Why?

5. If we define a set of heights as a sample collecting

‘from a population of the heights of all grade nine

students in this school.

Similarly how would you define the two sets of data you

"selected in "step 2"? ' .
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LESSON © CENTRAL TENDENCY
PURPOSE: To introduce the basic concept of the measure of coentral
tendency.
1. Mean
2. Median
3. Mode
EXPERIMENT: -

MATERIAL: -

PROCEDURE: With any given data after a table of a frequency
distribution has been constructed, generally a measure
of a central tendency or a central position is often
‘calculated. A measure of a central tendency will give
us a concise description of a typical score of a set of

.data as a whole, or the value where the majority of data
seems to cluster.

}.
Mean "

1. The fifst ihportant measure of a central tendency islcalléd
"mgén." Weuwill use the symbol X (read "x Bar") for "mean."
The concept of "mean" is geﬁerally familiar, because it is the
same as "average." »

2. Example: A set of score: 1, 2, 3, 4, 5

+2+3+4+
We can find the average = (1+2+3+4+3) = 15 =3

5 5
We know that 15 is the sum of total'sco:es, 5 is the

total number of scores.
. N~—

Hence in generél formula: Mean =

3. Look at the histogram of scores: 1, 2, 3, 4, 5 and the mean.
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1 2 fo 4 5
" .

The mean is right at the central location of. the distribution.

“Xamp ~:  Compute X, draw the histogram and show the location of
¥ 1n th - istogram.

x £ fx

5 1 5

4 2 8 B

3 4 12

2 2 4

1 ! 1

e
Lf=10 Lfx=30
4 - Sum ot scores _ 30 _

total no. of scores 10

S

1 2 A\ 4 s
X

Observe. both examples 2 and 4 have symmetrical distributions and

both have the means right at the center position of the histograms.

. The location of the mean also represents the point of a fulcrum

on which the hiétogram will stay level or balanced. 1In other
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words "the mean"” is also a center of gravity in a frequency
distribution. (It is expected that the teacher will hdve to
elaborate on the concept of center of gravity.)

6. Example: Complete the blanks then place a fulcrum (A) at the

balance point'oﬁ\ggifhistogram.
. X

X £ £x
5 1
4 1
3 2 x = —— 1 =
; s T
a1 2 -
Lf=.. Lfx=..
— EEE—
1 2 3 4 5
, R .

7. The distribution of Example 6 is asymetrical. Observe the

histdgram, the highest peak is towards the left end which means
bthat the greatest number of scores is in the same direction.
7.1 Observe the location of the fuicgum or the mean. Which
direction is it from the center of the peak (2)7?
7.2 If we have anoth::. histogram whose highest peak was towards
the right end, whic: direction is the mean from the peak?
7.3 If the histogram has = long "tail" on one side on which
side of the highest péak is the mean?
Median
8. The second measure of a central tendency is called "median."
We‘will use the abbreviation "Mdn." The median is a middle score
or a middle value when the data have already been ‘arranged by

magnitude.
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11.

12.
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Example: A set of scoreg: 2, 1, 4, 3, 5

Arrange in order: 1, 2, 3, 4, 5

The median is 3 because it is the middle score.

1

\
Obviously X is also 3.

Example: A set of scores: 2, 1, 4, 3, 90

Arrange in order: 1, 2, 3, 4, 90
The median is 3.

But the mean or X is (142+3+4+90)/5 = 20.

Look at the histogram of Example 10 and the locations of median

and mean.

11.1

11.2

In- Example 9 both mean and median really represent the

cenfrally located score. But ih'Example 10, as shown by the

above histogram, the mean doés not represent the_centrally

located score. It moves way out of the majority toward the
extreme score, 90.

Observe the vertical line, which passes through the median,
will divide the area of the histogram into two equal left
and pight parts.

Therefore, we can define a median as a point on which a
vertical liné can pe drawn to divide a histogram into two

halves.

Find the medians of the following distributions:

1201

12.2

Example: 2, 4, 5,1, 70

The scores in order: ..... e e

Example: 4, 2, 6, 9

Rewrite the scores in order: 2, 4, 6, 9

The middle point of the distribution is between 4 and 6,
which is (4+6)/2 = 5. v

Mdn = 5.

308



13.

14.

Mode
15.

16.

22

12.3 Example: 13, 10, 20, 31
The afranging SCOXeS: .uveeeoo..
Mdn = ..... '...

Referring back to Example 12:

13.1 what is different in finding medians from Example 12.1
and 12.27?

13.2. Construct a histogram for Example 12.2, mark the location
of the median and observe if it divideg the histogram into

two halves.

Look at the following histogram and answer the questions:

14.1 The median is ........
14.2 The mean is ...... .
14.3 The distribution is symmetrical. Does this type of

distribution indicate something about the mean and median?

Mode is another measure of a cenﬁral_tendency of a distri—butionT
It is defined as a score or value which occurs with the most
frequency, provided there exists one. In other words '"Mode" is
a score which has the wmost repetitions in the set of déta.
Observe the illustrations: ‘
16.1 Example: The scores: 2, 3, 4, 4, 4, 5, 5

Mode is 4 (Wny?).
16.2 Example: VTPe scores: 1, 2, 3, 4, 5

There is no mode (Why?). N

309
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16.3 Example: Find the mode of ﬁhe following histogram (from

Example 4):

3

L

1 2 3 4 5
X = Mdn = Mode
The mode is 3 (Why?). .
16.4 Example (from Example 6): Find the mode of the following

-

histogram:

SN IS AP e

17. Observe: »

17.1 The histogram in Example 16.3 is a bell-shaped distribution.
All three measures of central tendency indicate the same
value, right at the cente£ of the highest peak. '

17.2 The histogram in Example 16.4 is an asymmetrical distri-
bution. The mode is right at the center of the highes£
peak ﬁhilé the mean and median are not.

18. Mode is useful when we would like to know the most character-
istics value of a group. . _ ;

18.1 Mode is more usef&l to measure a_centrél tendency of a set

df data such as that of shoe sizes sold in a department

store.
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Mode a159 assures that its value occurs as part of the
4 (h
data as’'in the example of shoe sizes. If mean or median
/ R .

are useéd, the value may not get a shoe size that.really
1 .

exists,
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LESSON 7 ACTIVITY ON MEASURES QF CENTRAL: TENDENCY

PURPOSE: To have the students use and practice the concepts they
have learned on Mean, Median, and Mode.
(30 working; 10 minutes discussion.)

EXPERIMENT: -

MATERIAL: 1. A frequency distribution table and a histogram of a

sample drawn from one of the three populations in
Lesson . 4.

2. Personal data collected in Lessod 5.

PROCEDURE: Do both 1 and 2 or as the teacher assigns.

A: From a Trequency distribution table and a histogram of a

1. Part
sample draw.. in Lesson 4: . b
1.1 Compute the mean. @

1.2
1.3
1.4

2. Part

Estimate the median.

Estimate the mode.

Mark the location of the‘meaﬂ, median, and mode in the
histogram.

B: From two sets of data you have selected out of 11 sets

of personal data{

2.

BwWN

2
2.
2

Compute the mean.

Compute the median (to estimate).

Compute the mode. | A

What would be the best measure of central teﬁdenc;%for the

two sets of personal data: -shoe size, number of child;en in V
a family, in order to guarantee the existence of the value of

the measure?

3. Remarks: Teacher discusses Part A and B and tries to focus on:

3.1

Are there particular sets of data that are best mearcired by

mode?

Are there some sets of data that are best measured by median?

' Are there some sets of data that are equally best measured

by X, mdn. and mode?
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el VN8 VARIABILITY

PURPOSE: To introdure the basic concept of the measure of varia' it

1. Range

2. Variance and standard deviation.
EXPERIMENT: -

MATERIAL: -~

PROCEDURE: Study.and follow the following illustrations:

1. So far we have already studied the description of a set of data by:
1.1 Frequency distribution
1.2 Central tendency.

There is another way of describing a set of da+1:1 in order to have
sohe index of how much spread or variability exists in the
distribution of the given set of data.

2. Look at the following pairs of distribu-ion, and judge (by your
eyes) which one seems to be more variable than the other.

2.1 Example

1 | 2|3 {4 1 | 213 4] 5

Histogram A N Histogram B

is more variable than ' ..............
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2.2 Example:

10 12 14 16 18 20 32 14 15 16 17 18
Frequency Polygon A B . Frequency Polygon B

represents the most variablé distribution.
2.3 Example: The héights of two groups of students (in
céntimetersﬁ
Group A: 145, 150, 160, 170, 175"
Group B: 150, 160, 160, .160, 170
What is X for Group A and Group B?
.......... and ..........
The most variable group is ..........
3. The. 2 are several ways to measure the spread or variability of a
set of data. We will mention only two of them: Range and
andard deviation. ‘

4. \ge is the crude measure of the variability of data. It is
st

i

simply the width or diffefence between the larg \rd smallest

scores in a set of data.
Range = The large. score minus R TR
4.1 Example; Find the ranges of the following s 6res:
a. 1,3, 2,5, 7
Range = 7-1 = 6
b. 1, 0, 3, 2, 5

‘

Range = . ..........

4.2 Only two scores in a set of data are used to determine the

"range."” These two scores are .......... and ..........
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This 1s why the-range is considered as the crude measure of
the variability.
Standard deviation
nStqandard deviation is the mos: .cient and useful measure of
the variability. Every score . 4 set of data is used for
calculating the medsure."lt indicates how much the data spreads -
out from the mean.
We use SD or S to represent the standard deviation.
The following examples will illustrate how to calculate the
standard deviation:

6.1 Example: Find the standard deviation of 1, 2, 3, 4, 5.

First we find X = (142+34445)/5 = 3 (N = 5)
Scores Deviation Squared Deviation
x (x - %) (x - x)°2
1 (1-3)=-2 (-2)2= 4
2 (2-3)=-1 (-1)2= 1
3 (3-3)= 0 : 0%= 0
4, (4-3)= 1 . 1%2=1
5 (5-3)= 2 22= 4
T (x-X)= 0 L{x-x) 2= 4+1+0+1+4 = .10
T (x-%)?2
2 = ——————— =
SD ~ 2

SD =2 = 1.414
6.2 From the illustration in Example 6.1, we cgn write down the

steps for caiéulating the standard deviation as follows:

a. Find X or mean of the Jda*a.

b. Find (x-X) or the-diZ“erence between each score and the
mean.
Observe the sum of all differences or I (x-X), is it
always zero? ‘

c. Find the square of each difference or (x;iﬁzin Step B. '5:\

d. Find the sum of all scores in Step C. Does the result in
Step C have a chance to be a negative number? Why?

e. Find SD? which is called "variance." _The variance is the

average of the scores in Step C. It is the same as the
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-

result in Step D divided by the total number of scores.

L (x-%) 2

5
N g

Is it the same SD? =

t. Find SD or the standa;ﬁ deviation from Step E. What is
the relation betﬁééndihe standard deviation and the
variance of the same sef of scores?

Example: Find the standard deviation from the table of

frequency distribution.

d
x £ £x (x-X) 42 £42
5 1 5 2 4  1xd=4
4 2 8 1 1 2x1=2
3 4 12 0 0 qxe=0
2 2 4 -1 1 2x1=2
1 1 1 - 4 1x4=4
If=10 ILfx=30 TEA2=4+24042+4=12
N
- Tfx _ 29 - 3
£ 5T T 10
, _ Lfda? 12
Varmiance or SD = —— = =— = 1.2
: N " 10 _

h
SD = Yvariance = V1.2 = 1.1 (Approx.)

The steps for calculating for Standard'deviation are the same
as illustrated in Example 6.1, but in Example 6.3 some scores
have more frequencies than one.

Look at.the histogram of the frequency'distriSUtion in
Example 6.3, and observe how the standard.deviation'is used

to measure the spread. It starts at the location of the mean

or X, then measure can be made to the left or right ends of

the histogram.
Standard deviation has the same unit of measure as the

original data. 1In Examplé 6.3, suppose the scores are

measured in "inches," then the standard deviation = 1.1 inch.
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[_~.‘—u_~—r
’ Y
T \
) 1 2 ‘ 3 4 5
k— ie i J . 5
SD S SD SO 7 159) > <D >
. ' Jr »
: X

*6.5 There are three groups of students whose scores in mathematics

test as follows:

Group A - Group B Group C
x o f X £ X £
80 1 80 1 ‘ 80 - 1
70 1 60 1 70 1
65 1 58 1 55 6
60 1 56 1 40 1
: 55 2 55 2 30 1
-~ 50 1 54 1
45 1 52 1
40 1 4 50 1
30 1 30 1
P

da. Find the means:
!

X of /Group A = ..........
X

off/Group B = .......... -

l

X

of“Group C= ..........
' - Couid you tell the differences among the groups of
students by just comparlng théir means? Why?

b. ‘Flnd the ranges: '
The range of Groub A= ..u.,..,:.
Ths range of Group B = ...;J .....
&he range of Group C = ..........
‘Does the result of obtaining the ranges indicate the

{ differences of the variability among the three groups?

- *This is to be done by the students with guidance.

Why?
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Draw the histograms}

Complete the histograms:

Group A

30 - 40 50 - 60

Group B

30 40 50 .- 60

. ‘ Group C

318
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By looking at these histograms:
What group seems to represent the most variable
group? .....i.ieennn.. \\&
What group seems to represent the least variable
group? :}.; ...... . '
d. Find the standard deviations of the three groups.
IWhat groub has the bjggest standard deviation?
What group has the Smallest standard deviation?
Compare the above answers with the answers of Section C.
'Does the biggest standard deviation represent the most
variable group?
Does the smallest standard deviation represent the
least variable group? | )
Do you think the sfandard deviation‘ié a more efficient
measure than the range?
Generally we can noﬂfjudge tﬁe va;iability,of two sets of data by
our eyes, especially when both sets are very similar andﬂconéist
of ﬁany data. The standard deviations (or‘variances) of the two

sets will tell the different variability.

~
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LESSON 9 ACTIVITY ON MEASURES OF VARIABILITY

PURPOSE: To have the students use and practice the’cdncepts they

o

have learned on a range and a standard deviation.

EXPERIMENT: -

MATERIAL: 1. A frequency distribution table from Lesson 4, and the
" result of finding its mean from Lesson 7.
2. Personal data collected in Lesson 5, and the means

which have already been computed in Lesson 7.

PROCEDURE: Do both 1 and 2 or as the teacher assigns.
1. Part A: From a frequency distribution table of a sample drawn
in Lesson 4.
1.1 Sind the range
1.2 Find the variance
1.3 Find the standard deviation.
2. Part B: From £wo sets of data you selected out of 11 sets of
“personal data and you have already computed the means: .
2.1 Find the ranges '
2.2 Find the variances

2.3 Find the standard deviations. -

3 emarks: 1 )
?%l Table of $quares and square roots should be available. :
3.2 The teacher may have a small electronic calculator.
3.3 The teacher may decide to omit some exercises that take too

.

much time.
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LESSON 10 MEAN AND STANDARD DEVIATION IN TRANSFORMED SCORES

PURéOSE: To'introduce the basic concepts of how mean and standard
” deviation change in transfgrmed scope.
1. If a set of scores is added by a constant.
2. If a set of scores is multiplied by a constant.

3. Standard score.
EXPERIMENT: -
MATERIAL: -

PROCEDURE :

Part A: If a set of scores is transformed to another set by adding
or subtracting a constant.

1. Look at the following tables:

X f x' f x" £
1 3 6 3 -5 . 3
2 5 7 5 -4 5
3 1 8 1 : -3 1
4 1 9 1 -2 1

N=10 , N=10 . N=10
Table 1 Table 2 Table 3

2. You wili obsérve that Table 2 and Table 3 are transformed from
Table 1.
2.1 Table 2 is transformed from Table 1 by adding 5.
2.2 Table 3>is trénsformed from Table 1 by subtracting 6.

3. Look at frequency polygons of the three tables:

Table 3



3% , 322

Observe the shapes of the three frequency‘polygons. All three

look identical (Do they?). However,'they have differgn{ positions.
Do. you agree that the means of the three tables are d&fferent?
Because the three frequency polygons ﬁave different lo;;£fahs on
the number 1line.

Do you see that the standard deviations of the three tables are
not different? Because they have idéntical shapes of frequency
polygons. '

Look at the computation for means énd standard deviations of the

three tables.
Table 1: 3

x £ £x (X~X) a2 £32
1 3 3 -1 1 3®
2 -5 10 0 0 0
3 1 3. 1 1 1
4 1 4 2 4 4
N=10 Lfx=20 T£32%=8
X = E£§.= 20 =2
1 If 10
-
g 2 - Lfd® _ 8 _
1 If 10
Sl = v.8 = @ (Approx.)
Table 2:
x" £ £x' a a2 £42
6 3 18 -1 1 3
7 5 35 0 0 . -0
8 1 8 1 1 AR |
9 1 9 2 4 4
- 10 70 8
- 70 :
=10
2=£=8
Sy 10
s =/.8=.9
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Table 3LW
Y
x" £ fx" a . a° £42
-5 3 -15 -1 1 3 /
-4 s 20 0 0 0 \
-3 1 -3 1 1 1
-2 1 -2 2 4 4 ,
10 -40 8
— =40
TXT 7
2 _ 8
S 2= = o
3 10 8
s. =/8=.9

3
8. The results of step 7 show that
8.1 All the three means (X , Eé, fs) are different.

1
The mean of Table 2 is equal to the mean of Table 1, plus

5 (Compare 2.1). )
The mean of Table 3 is equal to the mean of Table 1,
minus 6 (Compare 2.2). v
8.2 All the three standafd deviations (Sl, SZ' S3) are the same.
9. Conclusion: ,
If a new set of scores are received from an 0ld set of scores by

adding a given number then

9.1 the mean of a new set is equal ......... plus that given
number
9.2 the standard deviations of the two sets are ....... .

Part B: If a set of scores is transformed to. another set by
multiplying or dividing by a constant.

10. Look at the following tables:

X £ X £
1 3 4 3
2 5 8 5 .
-3 1 12 1
4 1 16 1
’ N=10 N=10

Table 1 Table 4
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11. Observe that Table 4 is transformed .-from Table ‘1. Table 4 is
transformed from Table 1 by multiplying eQery score by 4.

12.  Look at the frequency polygons of Table 1 and 4.

N
\

)

— A A . . - - s 4‘? x
| : 2 3 4 5 6 7 8 -9 10 11 12 13 14 15 16 .
Table 1 - Table 4

13. Observe the two frequehcy'pglygons.

13.1 The locations are different (Table 4 moves to the fight of

Table 1).

13.2 The shapes are different (Table 4 is wider than .able 1).
14. As the result of the'observation (13.1 and 13.2): '
14.1 Do you see that the means of Table 1 and 4 are different?
14.2 Do you see that the standard deviations 6f Table: 1 and 4
. are different?
15. Look at thebcomputation for means and standard deviations of
" Table 1 and 4. .

15.1 Table l'has already been computed.

N ,
x, =2 + s?%=.8 S, = .
xl Vv 1 - 9
’ -/
15.2 For Table 4: ///
x" £ JFx" 4 _fa _fa?
/ , — _ 80
4 3,/ 12 -4 - ~12 48 X,= — = 8
-4 10
8 5 40 - 0 0 0
12 //i 12 4 4 16 o128 _
16 /1 16 8 8 @ 64 547" 10 - 128
/ N=10 80 128 s = /38 = 3.6
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17.

'bart

18.

19.
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s

Observe the result of Step 15 and keep in mind that Table 4 = -

Table 1 multiplied by 4 (Step 10 and 11).

16.1 Eg (the mean of Table 4) = ;1 (the mean of Table‘l)
multiplied by 4. '
16.2 S4 (the standard deviation ¢ Table 4) = Sl (the standard

deviation of Table 1) multiplied by 4.
Conclusion: If a new set of scores are received with an old set
of scores by multiplying w;;h a given number, then
17.1 the méan of the new set is eqﬁal ﬁo the mean of the old
set ....i.... that given number.
17.2 the standard deviation of thé new set = the standard

deviation of the old set -......... that given number.

C: Standard Scores

Look at Table % as the example:

X £
5 3
10 3 % = 10
15 1
20 1 sb = 4
N=10

Table 5 is transformed fr.m Table 1 by multiplying by 5.
Therefore we can'figure out the mean and standard deviation of
Table 5 from the known mean and standard deviation of Table 1.

We can transform Table 5 to another table called "Table 6" by

subtracting the mean of Table 5 or 10 from every score in Table 5

as the result.

1%

SD = 4

Table 6
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20. We can transforﬁ Tabléﬂ6 to another table called "Table 7" by

dividing every score in Table 6 with its standard deviation or

4 as the result.

x £
v-1.25 3 N
0 5 x =0
1.25 1 SD =1
2.5 1
N=10 I
Table 7

21. Look at the frequency polygon of,Téble_S, 6, and 7.

r

+ — + +

-6 -4 =2 0 2 4 6 8 10 12 14 16 18 20

Table 6 and 7 (inside) - Table 5°
o

21.1 Table 5 and Table 6 look exactly the éame shape of the
frequency polygons but the location of the mean has moved
to zero. ;

21.2 Table 6 and Table 7 look different, but they hava the same
location of the mean which is zero. The difference in the
shapes of the frequency polygons dué to the difference of
the standard deviations, SD of Tablé 6 is 4 and SD of
Table 7 is 1. . S

©22. The meﬁhod we use in Step 19 and 20 is called to standardize

scores or data into standard score. If we combine the two

steps together we will get the formula:

a score ~ the mean - X - X

a standard. score = —— or z =
: standard deviation . Sb

If we standardize Table 1, 2, 3 and 4 the result will'be exactly

as Table 7. Try some of them.
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PURPOSE: To practice using ‘the concepts of transformed scores to

10

LESSON 11 ACTIVITY ON TRANSFORMED SCORES
N \ -

et
N 3%

various Situations.

EXPERIMENT: - (

N

MATERIAL: Persongindata (from Lesson 5).

PROCERDURE: Do the following exercises as the teacher assigns:

1.

What were the mean and standard deviation of the ages for all the .
students in this class five years ago? What will be the mean and
standard deviation of Eﬁé ages for the same group of students four
years from now? :

What would be the méan“and sdandard deviation for the number of
minutes-in watching TV per Q%ek for all grade nine students iq

the class?

What would be the means and standard deviations for

3.1 bed-time (in E.S.T.) for all students in this class?

3.2 supper-time (in E.S.T.) |[for all students in this class?

3.3 getting-up-time (in E.S|T.) for all students in this class?

If a set of monéy allowance bver week for all students in this

class is transformed to anotier set of scores with a zero mean

4.1 What is the new score for the biggest money allowance?

4.2 What is the new score for the least money allowance?

4.3 Wwhat are the meanings of the new séores in 4.1 énd 4.2?

What are the standard scores|of -the following:

5.1 for your height from th heights cf all the stuaents in the
class? A |

5.2 for your weight from thr weights of all the students in the
class? .

5.3 Compare the results ofFS.l and 5.2 and make interpretation,
for instance of 5.1 is/3, of 5.2 is -1, indicate that you ;

are very tall but thin!campared with all students in the

class. f
|
|
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LESSON 12 NORMAL DISTRIBUTION

PURPOSE: To 1introduce the basic concepts of a normal distribution.
EXPERIMENT: -
MATERIAL: -

PROCEDURE: Study and follow the illustratxons.
1. Example: Given the frequency distribution table of the heights

(in centimeters) of 200 people

x (height) f (number of people) b f
151 1 ) 166 16
152 1 . 167 13
153 1 7 v 168 11
154 2 169 10
155 3 170 9
156 4 171 8
157 5 172 7
158 7 173 5
159 8 174 4
160 9 175 3
161 10 176 2
162 <11 177 1
163 13 178 1
164 16 179 1
165 18 N=200

2. Léok at the frequency bolyqon of Example 1.
2.1 We observe that it is a bell shaped dlctrlbutlon
2.2 .We know that ﬁ bell-shaped dlstrlbutlgn has the mean, median,
! and mode with the same value.
In this case the mean is ............
2.3 We know that every set of. data must have a standard deviation.
In this case the standard deviation is approximately 5.
2.4 We know that a vertical line passing through the mean and
the hlghest peak will divide the area of the polygon into .

.

two identical halves.
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184

16 | l

1 | a /

10

; | '/

6 | l

SD X+SD X+2SD +3SD
161 163 1 167 169T 171 193 135 197 179
— sp +— SD SD SD

X~

Figure 1a

2.5 Observe Figure 1A. There are three.standard deviations #b
either left or right of the mean to cover almost all data in

the distribution.
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3. From Example 1, complete the following:

Figure 1B
|
| |
l l
| l
| o
I l
|- )
| |
| |
| | I
: | [ :4
|
XA 38D §jZSD X-SD X i#SD X+|2SD X+\3SD
..... %
..... %
..... %

How many people from the total 200 are included-in the
intervals:

a. one standard deviation below and above the mean? ........ )
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b. two standard deviations below and above the mean? .......
c. three standard deviations below and above the mean? .....
3.3 What are the percentages of the total included in the

intervals from 3.2?

Ae e e, %
b. ... ... ... %
Co ittt ee %

3.4 The above frequency distribution approximately aescribes
what is so called "a normal distribution." :

Normal distributions may not look like the common shape, because

ﬁhey may have different means and standard deviations.

4.1 From Example 1, the heights bf a group of 200 people were
measured in centimeters and the frequency distribution is
normal. Now if the heights of the same group of 200
people were measured in inches then the frequency distribu-
tion is still normal. Héwever, the means and standard
deviations are different. Then both normal distributions -
do not' look like the common shape. |

4.2 -uppose the head breadths and nose br idths of a large
group'of people were measured in centimeters. Suppose
the frequency distribution’fbr the head'breédths is
normal and also for the nose breadths. The means and
standard dev1at10ns for the head breadths are 14 cm and
.5 cm, and for the nose breadths are 4 cm and .3 cm.

These two distributions do not look the same because the
distribution for the nose breadths has a narrowef shape
than for the head breadths.

4.3 We have learned how to transform a set of scores to
another set of scores by a certain formula. We can
transform any norﬁal distribution to another normal
distribution by using the formula z = %i? For example
4.2: the head breadths will be transformed by using

x.;4 ;the nose breadths will be transformed by

using z = 3 - The two distributions are poth.stlll

normal and now have the common shape. Both means = 0,




45 332

standard deviation = 1.

A normal distribution using a Mimdard unit as described
in 4.3 will alwéys have the mean = 0, the standard
deviation = 1. It ma? be called a "normal distribution

using standardized scores."

5. Normal distribution is very important and most often used in.

statistics. Here are some of the uses:

5.1

Biological measurements: Natural phenomena such as
heighps, weights, and intelligence were found possessing
normal distributions.

For example, the Qeights of a great number of first born
babies will possess a normal distribution; the scores of
all grade nine students in Alberta on some standardized
test will pbssess a normal distribution; and the arm length‘

of a big number of men will also possess a normal distribu-
. _ <
tion.- .. ' ' : : _ N

Sample means: The distribution of sample means taken from;
. s

a population is normal. This idea will be illustrated

" later.



PURPOSE: To introduce the ba51c concepts of the distribution of the
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LESSON 13 DISTRIBUTION OF THE SAMPLE MEANS

i

v

sample means taken from a normal population through-

experlmentlng

EXPERIMENT: Drawing random sample of size 2 from Box N.

Box "N"
X £
1 1
2 2
3 3
4 4
5 7
6 9 .
7 12
8 15
9 18
10 19:
11 20
12 19
13 18
14, 15 ,
15 12
16 9
17 7
18 . 4
19 3
20 2
- 21 _1
“ o N=200 -

MATERIAL: 1. Box "N" containing square railfoad papers printed

assigned numbers.
2. Recording Sheet 1 and 2.
3. Graph paper.

PROCEDURE:.

1.
2.
3.

Form a group of two.

Go to the location of Box "N" as the teacher S assignment.

‘Draw 10 random samples of size 2 "with replacement"” and record

the result on Recording Sheet 1. Follow the following procednre:'

3.1 One student shakes the‘boxf'without Peeping picks one
Piece of paper out of the box, then reads the number on that

333



3.4 Suppose the sample is (10, 12). ‘You tally slash or "/" under

47

piece of paper to another student and records it on Recording

Sheet 1.

3.2 Return the first piece of paper to the box, then repeat

Step 3.1 again.

3.3 You will now have two numbers, for instance the fir

st pick

is 10 and the second is 12, which is called a sample of

size 2, or a size -2- sample.

column number 10 and 12 of Sheet 1.
3.5 You need 10 samples of size 2.

Complete Recording Sheet 2 by recording first ten means

(X) from

your own Recording Sheet, and another 90 means from any of your

nine different classmates. ,

Draw the histogram for the 100 means of sampleé’of size

were recorded on Recording Sheet 2.

Observe the histogram.

Does the histogram for the 100 means of size -2- random

tend to be a bell shaped distribution? . |

Draw the smooth bell shaped curve tb approkimate the his

Check roughly if the curve approximates the normal distr

8.1 Approximate the location of the mean of the curve.

8.2 Divide either the left or right of the:mean into th
equal parts. ' ‘

8.3 Check if between the intervals

a. one standard deviation below and above the mean

approximately include 68 cases

2 which

samples

togram.

ibution.

ree

b. two standard deviations below and’above the mean

- approximately include 95 cases

c. three standard deviations below;ﬁnd above the mean -

'approximately include 100 casegi

Consider the procedure—we collect a Siée -2~ sample from

Box N, we use "sampling with replacemgﬁt" procedure. Th

erefore,

we never run out of data in Box N. ?his means we can have as

A

many size -2- samples as we want.

9.1 We only use 100 random samplgé to construct the his
- "

o
/.

togram

334
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which already tends to describe a normal distribution.

(Does it? as the result of 8.)
9.2 1Imagine if we keep increasing the number of samples as many
as. we want, would the histogram be very close to, -and

finally a normal distribution?

9.3 1Imagine if we change a sémple'size instead of 2, would the

result be a normal distribution as well?

Conclusion:

The population (Box N in this case) has a normal distribution, then

the distribution of the sample means, based aon a random sample of

size n, is also .........

)
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RECORDING SHEET 1

SAMPLE OF SIZE

X

1y 2] 31456 7] 8| 9(10{11{12(13]14{15]|16|17])18]1920{21|%

Example 1 . /1 / 10

Example 2| VARV /7 Sl ]9
Sample 1
Sample

Sample

Sample

Sample

Sample

Sample

2

3

4

5

Sample 6 | ' _ N

7 } .

8

9

S'amp le

Sample 10

LESSON 13, 14

P SR VORI
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RECORDING SHEET 2
LESSON 13, 14

X Tally X Tally X Tally X Tally
1- 6 11 16
1.2 6.2 11.2 16.2
1.4 6.4 11.4 16.4
1.5 6.5 11.5 16.5
1.6 6.6 11.6 16.6
1.8 6.8 11.8 16.8
2 7 12 17
2.2 12.2 17.2
2.4 7 12.¢ 17.4
2.5 7.5 12.5 17.5
2.6 7.6 12.6 17.6
2.8 7.8 12.8 17.8
3 8 13 18
3.2 8.2 13.2 18.2
3.4 8.4 13.4 18.4
3.5 8.5 13.5 18.5
3.6 8.6 13.6 18.6
3.8 8.8 13.8 18.8
4 9 14 19
4.2 9.2 14.2 19.2
4.4 | 9.4 14.4 19.4
4.5 9.5 14.5 19.5
4.6 9.6 14.6 19.6
4.8 9.8 14.8 19.8
5 10 15 20
5.2 10.2 15.2 20.2
5.4 10.4 15.4 20.4
5.5 10.5 15.5 20.5
5.6 10.6 15.6 20.6
5.8 10.8 15.8 20.8

21
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LESSON & ESTIMATION

PURPOSE: " To intrpduce the basic concept of using a sample mean to

estimate a population mean.

EXPERIMENT: Drawing random sample of size 5 from Box "N".

MATERTAL: ~ 1. Box "N"’
2. Recording Sheet 1 and 2
3. ' Graph paper to construct a histogram’
4. A histogram of size 2 from Lesson 13.
PROCEDURE : \
1. Draw 10 random sample of size 5/"with repleeement" and record
the result on Recording Sheet 1.
2. Complete Recording Sheet 2 by recording from 10 different
Recording Sheet 1. . ‘ . -
3. ‘Draw the histogram for the 100 means of the samples of "size 5. .
4. As you have learned from Lesson 13 the histogram in Step 3‘@159
tends to be normal. (Is it?) - \
5. Observe the shapes of both histograms for size 2 and Sueampleg.

5.1 Do both histograms seem to have the highest peaks ove{/the
population mean? (In this case 1is "ll", a mean of 86¥ "N"?)
5.2 Does the bigger sample size tend €p create the narrower
shape of normal distribution?
5.3 Does the narrower shape of the normal distribution tend to
have more data close to a populatlon mean?
5.4 Complete the following blanks:
a. Between 9 to 13 (inclusive) there are ......... cases for
sampling distribution size 2. '
b. Between 9 to 13 (inclusive) there are ......... cases for
sampling distribution of 51ze 5.
We try to find the number of data around a populatlon
mean (ll) by using the same’lnterval between 9 to 13 but
with a aifferent sample size distribution. : B
Compare thevresults of "a" and "b" if the distribution of.

a Bigger size sample has more cases in the same interval ' ;
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around a population mean.

Conclusion: From Step 5

6.1

7.1

We use a sample mean to estimate a population mean, beéause
generally a population mean is not known. .
A distribution of sample means will cluster around a
population mean. If we find a mean of a sampling distribu-
tion we will get approximately a population mean. (5.1)

The bigger a random sample size is, %he better a sample mean

is the estimate of a population mean. (5.2-5.4)

‘Remarks: The teacher may elaborate the idea from 5.4 as following:

Estimate the intervals from the histograms: -

a. What is the interval of x* 2SD for the distfibution of
size 2 sample means? | .

b. What is'the interval of X *2SD for the distribution of
size 5 sample means? |

Since the distribution of sample means is normél, both the

intervals in 7.1a and 7.1b include approximately 95% of the

total.

Since the mean of the distribution of Sample means is close

to the population mean, both the intervals of 7.la and 7.1b

would include the population mean. (Observe from the

histogrém.)

Compafe the width of the intervals in 7.la and 7.1b. The

width of 7.1b should be shorter, indicating that 95% of

size 5 sample means are closer to the population mean than

95% of size 2 samble means. Hence a size 5 sample mean is

a better estimate of a population mean than a size 2 sample

mean.
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LESSON 15 APPLICATION

PURPOSE: To introduce the basic concepts of applying: some statistical
knowledge that the students have learned to various °

situations.
EXPERIMENT: Drawing a sample from Box "B".
MATERIAL: 1. Box "B" (from Lesson 4)

2. Personal data (from Lesson 5)..

PROCEDURE:w“
1. Generéily there are four steps in statistical procedure:
Step 1: Collection of data. '
We have learned two techniques of c6llectiﬁ§'data:
sampling with replacement and sampling without
replacement.
Step 2: Presentation of data. -
We have learned how to organiée data into a frequency
distribution table, constructing a histogram and a
f;equency polygon.
Step 3: Analysis of data. °
We have learned th to measure ‘a central tendencyvand a
variability. We also have learned how to use a diétribu—
tion in a sample to check the as;umption of a populapibn'
distribution. ‘
Step 4: Interpretation of data.
We have learned how to use a sample mean- to estimate a
'population mean.,
You will apply the above knowledge to some situations in Part A
and B. g \
2. Part Ar For Box "B"
2.1 Box "B" is'a population which possesses a‘normal diStributibn‘;
2.2 Collect a sample by using sampling with replacer it
(Remember you have to judge a sample size by yourself.)

2.3 Construct a frequency. distribution tabie’for a sample.



Part
3.1
3.2

54

Compute a sample mean.

You may also check a population distribution by

the shape of frequency distribution table for a

Estimate a. population mean. (What would be the

the mean for Box "B"?)

Check your answer with the teacher to determine

are. |

B: For Personal Data

Suppose that a population for every set of ¢ ta

Estimate the following:

a. The {(average) h.. ht of grade nine students
school. v

b. The (average) weight Bf grade nine students

school.

investigating
sample.

estimate of

~w close you

is normal.

in this

in this

c. The age of grade nine students in this school.

d. The hours of watching TV for grade nine students in

this schoaly.
K ' My o A ’
e. Supper-time¢’ for grade nine’'studend Q&n this

rh

~T @

in this school.

school.

) ) v ¥ .
Bed-time for grade nine students in this;scﬁool.
Getting-up-time for grade nine studenfs iglthis school.

Number of children in a family of gradeé nine students

i. Money allowance per week per student for grade nine

students in this school.
You can not check the answers of Step 8. Why?

il
nature of the statistical estimation.

It is the

4

341
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LESS0ON 1 FREQUENCY DISTRIBUTION

The heights of 30 grade nine students are measured in centimeters

with the following results:

162 166 163 164 1r7 165 le8 166 164 165
163 169 166 164 ’ 165 168 166 167 166

166 170 169 164. 16/ 165 168 166 168 167

Comﬁlete the following table by using the above data.

, Number of Students
Student Height Within These Boundaries
x | Boundaries Tally or Frequency (f)-

170

169

168

167

166

165

164

163

162 . l

i

Total frequency = .................



3. Complete the table of the frequency distribution.

.

170

169

168

167

166

165 .

164

163

162

4. Complete the following tabies:

4.

1

Student Height (x)

Boundaries

Frequency (f)

169 or

170

167 or

168

" 165 or

166

163 or

2

164

lel or

162

160.5 -162.5

Student Height (x)

‘Boundaries

AFrequency (£)

168 -

170

i

K

“
TN,

7

165 -

167

Y

o T :
164.9-167.5
2T

R

344
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LESSON 2 GRAPH OF THE FREQUENCY DISTRIBUTION

A Histogram

l'l, l“, L jL Boundaries f
17° 169.5 - 170.5 1
169 168.5 - 169.5 2
168 167.5 - 168.5 4 The Table of
167 166.5 - 167.5 5 the Frequency
166 165.5 - 166.5 7 Distribution
165 164.5 - 165.5 4
164 163.5 - 164.5 4
163 162.5 - 163.5 2
162 161.5 - 162.5 1
\ Tf = 30
| 3
;
6 - i \J(
5 -——-= T};e Histogram
4 I s
3 4 R U U I
2 1 I it it inleltd ety
19 R J O [N U DI I
162 163 1 164 4 165 | 166 + 167 ' 168 | 169 | 170 | X

0 ~
161.5 162.5 163.5 164.5 16

’
'
i
1
I
t

' )
5.5 166.5 167.5 168.5 169.5170.5
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’

1.2 A histogram using the relative frequences (f/N)

X o f . £/N. -
170 1 1/30
169 2 2/30
168 4 4/30
167 5 ‘ 5/30
166 - 7 7/30
165 - 4 4/30 .
164 4 4/30
163 2 . 2/30
162 ' N 1/30
N=If=30 If/N=1
f '
)
7/30 | - )
6/30 } , c . —-—
5/30 § _' L
4/30 1 mmm e . *
3/30 ¢ RIS PO | ESUUN ALY [ U
2/30 SRR Ny P U
1/30t e e i S R B et R R
~+ . ; - N . . . > x
162 163 ~ 164 165 166 167 168 169 170
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A frequency polygon

f
(0
. 7 i
6
5 .
4 yauh e
/
3 /
| /
2 P
P
1 — =<
~ ~
A A a . - ~ \_; x
162 163 164 165 166 167 168 169 170
(@}
. .
A .
> X

162 163 - 164 165 166 167 168 169 170
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Construct ‘the frequehcy peclygons from the following tables.

3.1
f
Grade Frequency A
A 5 25
B 15 20
15
C 25 ’
10
D 10
5
F 5 .
. 0 > X
F D C B A
3.2
Score Midpoint | Freguency : T
16 - 18 | -17 | 1
13 - 15 14 3
10 - 12 11 5
7- 9 8 4 ®
4 - 6 5 2
£
A
5 ,
4’2
3
2
3 l —
0] ‘;x
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. . A ) !
40 grade nine students have been weighed (in kilograms) with the

results:
v, 73, 72, 70, 69, 69, 68, 65; 68, 67, 67, 66, 66, 66, 65, 65,

65, 65, 64, 64, 63, 63, 63, 62, 62, 62, 61, 61, 60, 60, 59; 59,

s8, 57, 57, 56, 55, 54, 53, 50. |

4.1 Complete the table by using the -above data.i ~
X , Tally . ' f

74

73
72

71
70

69

68

67

66
65
64

" 63
62

61

60

59

.58 ' - -
57
56
55 , S

54

53 . .
.52

51
50 .

Lf ceen



4.2

Complete the

following table by using the data from 4.1.

X Midpoint Boundaries
70 - 74 72
65 - 69 67
60 - 64 62
55 - 59 57
50 - 54 52

14

12

10

.........

.........

"

v

AR
e

V‘

52

57

62

67

72

The histogram for table 4.2
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LESSON 3 SHAPES OF FREQUENCY DISTRIBUTIONS

Instructions:

1.1 Draw a hiétogram for every example.

1.2 Observe if a histogram describes the name of a distribution.
1.3 oiscuss with the teacher.

The following are the examples:

2.1 Example of a bell-shaped distribution.

Scores of the

students' 15
per formance on F 4T
a certain
physical 14 ¥
activity , i
13 ’ ]
No. of
‘Score | Students 12
1 1
11 f——1—
2 3
lov\_‘
9
\\\\
8
N s
7 5
6
8 3
5
9 1
4
e
2 o
1

352



Example of a rectangular distribution.

The number of students

in a certain elementary

353

school
Grade ‘No. of Students 25
1 ) 25 20
2 25 15
3 25
10
4 25
5 25 . _ &
6 25 N i
1 2 3 4 )
Example of a U-shaped distribution.
The investigation of
the family size
No. of People No. of v
in a Family | Families v
3 5 5
4 3 4
5 - 2 3
6 1
2
7 2
1
8 3 T
9 5 3 4 5 6 7 . 8




o
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Example of a triangular distribution.

The annual income

of the people in

a certain town . 7
Income No. of People 6
($1000) {(in 1000) \
5 : 7 -5
6 ‘6 4
7
> 3
8 4 v
2
9 3
1
10 2
11 ‘1 5 6 7. 8 9 10 11

Example of a miscellaneous distribution (not belonging to

Example 2,1-2.4).

<

The opinioﬁs on the issue
"Boys are allowed to have e
: 400
long hair" ‘
od
No of
Answer ) Students
= 300
SD (strongly disagree)) 100 1
D (disagree) 450
*
U (undecided) 300 gOO
A (agree) . 200
SA (strongly agre. . | 100
» gly ag l 100

sb D U A sa



LESSON 4

EXPERIMENTAL DISTRIBUTION

\

[y

, N ‘
1. Draw a sample of size 50 from either Box "B" or Box "T" or

Box "N".

]

Record the results in the following table.

M

" Score (x)

Box q‘ Box T Box N Tally - Frequency (f)
100 a1 1 |
101 2 2 . -
162 3 3
4103 4 4
4104 5 5
105 6 6
106 7 7 &
107 8 8
108 9 9 ‘
109 10 10 6 4
110. 11 11‘ . . w“ T
- 12 12 N
13 13
14 14
15 *15
16 16
S 17 17
s | 18 . =
19 19 5L -
. N
20 20 - | L
N
. ‘ 21 ’
7
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VI
Use the'data from the record sheet to construct either one of:
2,1 A histogram

2.2 A frequency polygon.

o)

Observe the histogram or the frequency polygon in Step 2, then.

predict the shape of the fréquency distribution in the box.

............................ D T
I
DS .
,~‘"v(«~-
- '.r
5
®
o
v
N X
[
7
7
. 2.
-4 -
& *
B .
ol A
<
.
dF’.
u 2
i Y
~ 1 e
| ’ kit PR T
.
- T B vl -
.
. S
18
Ry
K3

3156

o
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LESSON 6 - MEASURE OF CENTRAL TENDENCY

Mean (x) 2

1.1 ‘Example: A set of scores: 2, 3, 4, 5, 6
' 0

Mean = (2+3+4+5+3)/5 =

In general Mean or X =

1.2 Look at the histogram of the above scores and the location

of x.

Py A

‘5 6

A

2 3

_Ebﬁ

1.3 Complete the table using a set of scoces: 1,2,2,3,3,3,3,4,4,5

x £ £x

Mean =

If=.... Lfx=....

1.4 Draw a histogram and mark the location of the mean.

7o

Y - + -
M Lot
o
- N A e a — A s
g ¥
- 2 1 A i A A - A i - A
-
A A a A 2 A A Py A
\ P

[aad 2
‘N
W
wn

Do
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.@, .
1.5 Complete the blanks
x L} f £x
5 1
4 1 .
3 2 —
Mg s
2 4 -
1 2
... [cex=....
.. 1.6 Draw the histogram of the above table, then place a
fulcrum (A) at the balance point of the histogram.
f 1.1
)
A A 1, A A e A A 2 ‘
_—‘W. N N AG Y A A " I
1 2 3 4 5 77X
. N
2. Median (Mdn) )
2.1 Example: A set»df_scores: 2, 1, 4, 3, 5
Arrange in order: 1, 2, 3, 4, 5 S
Median‘= 3 because it is the middle score -
. " X is also 3.
2.2 Exafiple: A set of scores: 2, 1, 4, 3, QQ:“ I
) Arrange in order: 1, 2, 3, 4390 . , : .
;2(& . . B . A v 5 < Cﬁ
W - - The median is stjll 3 ; :
%N ~ L e
i , 100 & )
But x = (1+2+3+4+90)/5 == 20.
~y, “‘ . - ; .
o . “
S [>1s4 s
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Observe the locations of mean and median of the histogram

of séores: 1, 2, 3, 4, 90.

MAN = .l e - o , gé;
-Draw the histogram for Example 2.6 and mark the loéét/on
: _ : p’

N I
|
u
|
]
!
[
|
i

-
!
1
!
r
a
I
|
l
1
|
|
l

5 ---w

90
Md

Which one (Mdn or i).seems to be a better meéSure for the
set of scores: 1, 2, 3, 4, 907?

Observe the above histogram. There are 2 1/2 blocks on
either left or right of the'median.

A set of scores: _2, 4, 5, 1, 70

»

The scores in order: ........... S .

Example: A set of scores: 4, 2, 6{ 9 ',

Rewrite the scores in order: «.2, 4,_6,'9

‘ 3
The middle point is between 4 andi6 gy, 6:-,:*9

3

which is (4+6)/2 = 5 NG
Hence Mdn = 5. . . o 5,5§~~5‘

A set of scores: 13, 10, 20, 31.

The arranging SCOTES: . .veueeeereonenannnananaat

‘of mdn. ' : . i { .,\

T e Ty
.,m.'H} ..  ; I ’ﬂ\\\\\ o
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2.9 Look at the following histogram and answer the quesfions.
£
A
4
3 3 b e e e e e b
2 ¢ - - ’ ol
llb— _e e e e e - —_— e — e e m e
21 2 3 4 5 -
2.9.1 What is the median? Mdn = ..............
2.9.2 What is the mean? K = eieecninanaans
-
2.9.3 Does this type of distribution indicate something
about x and Mdn?
3. Mode
3.1 Example: A set of scores: 2, 3, 4, 4, 4, 5, 5
Mode is 4," because 4 has the .most frequency.
3.2 Example: A set of scores: 1, 2, 3, 4, 5
There 1s no mode..  (Why?)
3.3 Look at the following histograms and answer the questions.
. 3.3.1
< n
. )
C"’ * - b e - we B i e of
2 .
———— e —
- X
1 2 3 4 5
- What is the mean? X = terencnnnnas e
» Wha@is the median? TMAN = iy iee e ‘
S . i - Y AN
SR :  What is the mode? Mode = ...... ceeeecaean .

363
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— e e e e i e e e e - e -

+

gl

The mean is 2.5
The median is 2.25

What is the mode? Mode =

364



LESSON 8  VARIABILITY

Which one seems to be more variable than the other?

1.1

o
1 2 3 4 1. 2 3 4 5
- Histogram A Histogram B

1.2

14 15 16 17 18

Frequency Polygon A ‘ Frequency Polygon B
....... ss++-.... represents the most variable distribution.

1.3 The hé%éﬁts of 'two groups of students (in centimeters) :
" wiGEoup A: 145, 150, 160, 170, 175
~ Group B: 150, 160, 160, 160, 170
. © X fOr Group A iS .ue.lionaunann..
§ifor Group B is ............i...

The most variable group is ....... e eeaaan
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2.

RANGE

Find the ranges of the following scores:
2.1 Scores: 1, 3, 2, 5, 7
Range = 7-1 = 6

2.2 Scores: 1, 0, 3, 2, 5

T T . RANGE = ... iiieiecieiaaaen minus

\
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STANDARD DEVIATION (SD OR S)

3

Example: Find the standard deviation of 1, 2, 3, 4, 5
3

First we find X = (1+2+3+445)/5 = (N = 5)
ScoEes Deviation Squared - 1
' ' X - X (:
1 | (1-3) = -2 (- o
2 (2-3) = -1 (-1)2 =1 -
3 (3-3) = 0 02 =0 -
‘4 ‘ (4-3) = 1 : 12 = 1
5 (5-3) = 2 22 = 4
L(x-X) = O T(x-%)% = 4+1+0+1+4 = 10

2
o2 - Lx-®2 10

SD

3.1 Discuss

Y .
! +4y K

‘'with the tedl

=
3.2 Complete the following:

Standard Deviation = The squar7/



4.

SN
l\h

Example:

Rl

standard deviation “from the table of frequency

Find the
distribution.
d
or
x £ £x (x-X%) a? £42
5 1 5 2 4 1x4=4
4 2 8 - 1 1 2x1 =2
TS : N
3 4 12 0 0 4x0=0
2 .2 4 -1 1 2x1 =
1 1 1 -2 4 1x4=4
If = 10| EIfx = 30 Ifd? = 12
° —  TExT=30
- X = QS8 ' = 3
Lf. 7 10
;;,}\‘}
2
2 = Efg_.= 12,5
sD . T = 1-2 )
SD”’EMVi.iﬁzVifi‘?gégidﬁ.)
. A W <
4.1 Discuss the above example with the teacher.
4.2 Observe the histogram arfd how SD is used to measure the
spread.
st 4 0
Q -
A - r T e
v .
e o . o
! Z 3 ol . g, @
- . v Y — T 1
! . | | . i . [
: : B l ' '
(b‘so-j—*—sof——%so , Sp —3 » SD —¥
X »
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5.

There are three ygroups

test were as follows:

of students wt

in a mathematics

Group A Group B GroupVC
X t X t X f
80 1 80 ) Y 80 1
70 1 60 , 1 70 1
65 1 LR 1 55
60 1 567 1 40.. 1
55 . 27 55 ~ 2 30 1
50 ] 54 1 N
45 1 52 1
40 ) 1 50 1
30 - 1 30 1
5.1 Find the means.
- 2
x of Group A = _.............
X of Group B = .............. «
x of Group C = ..............
5.2 Find the ranges,
« The rifge of Group A = RN
<i The range of Group B = ......vouu....
The ranqegbf Group C = . ... iueeeeenn.

5.3 "Do the results obtained in 5.1 and 5.2 indicate the

‘differences among the three groups?

Why?

369
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5.4 Look at the graphs of the three groups:

.

’ !
L.“Y l | [ l J
30 40 " 60 70 80
croup A .
- //
N '
K
30 40 " 50 60 70 80
Group'B
-
%
30 a0 _ so 60 70 80
Group C

The most variable group 1is

The least variable group is



Find the staAdard doviariéns:
SD for Group A %s 14 (apgrox.)
SD for Group C' is 13 (app;ox.)
What is SD'ﬁor Group B? ........ .. ... .. .. -

5.6 'Compare the results of 5.4 wizL 5.5.

N



1.

‘ LESSON 10 TRANSFORMED SCORES

Part A. If a set of scores is transformed to another set by

adding or subtracting a constant.

1.1 Look at the following tables:

x A>\§ x' f Cox" f

1‘7 \\éui\;\l 6 3 -5 3

2 ) 5 /7 7 5 ' -4 5

3 /,/{// 8 1 -3 1

?/ 1 9 1 -2 1

&/ =10 N =10 N=10
,

Table 1 v Table 2 Table 3

1.2 Observe how Table 2 and Table 3 are transformed from

Table 1.
1.3 Look at the frequency polygons of the three tables.
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Part B. It + set

multiplying or divi

t scores

ling with a -onstant.

2.1 Look at the following tables:
X f
1 3
B -
2 5
3 b 1
4 1
N =10

Table 1

-y N

2.2 Observe

2 3 Look at rhe freguency polygons of Tabl

P

x™ f
‘,____;._”___ : -
8 ;a_—

12 1 1

}6 1 1
o~ N = 10—

Table 4

how Table 4 is transformed from Table 1.

is transformed to another set

by

e 1 and Table 4.

Table 4
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2.4 Look at the computation for x and SD of Table 1 and
Table 4.

2.4.1 Tahle 1 has already been computed:

!
S ; .
sDoc R
1
D, = .9
N 2.4.2 Ior Table 4:
- “
X" £ fx™ 4 fa  fao’
D , _ 80
4 3 12 -4 212 a4y . X =— -8
, 4 1C
8 5 40 0 G ‘
’ sp @ o= 128 _ 12.8
12 1 12 4 4 16" T4 10
1 . '
;7f7 16 8 8 64 504 = /12.8 = 1.6
N=10 5fx"=80 Tfd =128 .

2.5 Observe the,resulté:
Table 4 = Table 1 multiplied by 4.

24(8) = ii(z) multiplied by 4.

50463.65 = 5D, (.9) multiplied bv 4.

.6 Conclusion:
If a new set of scores ié'réceived from an old set of
scores bv multiply%ﬂg with a given number then
a. the mean of the new set is equal to the mean of
- the.ol&bset .................. that given number. ¢

b. the standard‘aggiation of the new set is equal



~g
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Part . Standard scores. \

3.1 look at Table 5 which is transtormed trom Table 1 by

»
‘

multiplying by 5,

Table 5

3.2 Table 5 can be transformed to Table 6 by subtracting

xS(lO) «r the mean of Table 5 as the result.

X !' f
-5 J 3.
5 X =0
0 x6
> /l SD. = 4-
5 /' 6
10 1
<
N=10
Table 6

3.3 Table 6 can be transformed *to Table 7 by leldlng with
- SD6(4) or tﬁ\\§tandard deviation of Table 6 as the result.

X \ £
\

-1.25 f 13 ‘
0 5 x7 =0
1.25 l 1

D =
S 5 1
2.2 1 !
‘ N=10
Table 7 (/
\
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1.4 lLock at the: frequency polygors of Table 5,6, and 7.
f
A
-6 -4 =2 0 2 4 6 8 10 12 14 16 18 20
Table 6 and Table 7 (inside) Table 5
3.5

The method that we use to transform Table 5 to Table 7
is called "to standardize scores or data into standard
score." We can combine the two steps (in 3.1 to 3.3);

we will get the formula:

A score - the mean

A standard score - ;
The standard deviation

or , = XX
’ SD



1. Given the frequency

LESSON 12

centimeters oif 200 people:

NORMATL,

DISTRIBUTTON

‘istribution table of the

T T C
] —
151 1 165 10 166 16
’—15_7 1 . 167 13
B 153 B 1 168 11
- 154 > 169 10
155 3 170 9
156 4 171 B
157 5 172 7
158 7 173 5
159 | 8 174 4
160 9 175 3
161 10 l176 2
162 11 k77 1
163 | 13 1\78 1
164 16 * 179 T

Lf=200
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i .o8SON 1 DISTRIBUT.UN OF SAMPLE MREANS

Draw 10 random samples of size 2 "with rerlacem-it’ from

Box N, then record the result in "Recordinag theet 1."

Complete: "Recording Sheet 2" by recording first 10 means (X)
from vour own "Recording Sheet 1," and anoather 90 means from

any of your nine diffe: -nt clas .ates.

Draw the histogram for the 100 means recorded in "Recording sheet 2.

Discuss the concepts with the teacher (use the blank below to
. !

note) .

181

"
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WECORD T NG

SAMPLE

SHEDT )

e
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(\l. I N B T T T IR R I A ]
S
\ | \
, \i chapal s a7y Al oot nsfraisre 17181920 (21| %
r ! '
N AN O N U Y A SR S (S S O
Fxamp Lo | " I 108
Examp, }r ‘ o J N N R
b 1
o S5 U U SN S 44 L [ P JEE
Sampic |
samp e 70
Samp le 3 O
}umple: 4 L R
Samt fe 6 »
sample 6
Sample 7 —]
sample 8 N
Sample 9
L {
Samnle 10 fds N
. P
Lp
4
‘-————-» - e
S I d b L
!
‘ j
| —
| B |
o !
| | ‘
— e g s e i - |
! -
] ] |
_ [ESQUDINE SIS SIS (S P ARV SR I - R - - .-L

LESSON 13,

14
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REECORDING SHEET 2
LESBON 13,14

R ) o “]—r”“"'— T

X Tally £ X Tally f X Tally £ Talls f

! o le ) 11 16

T T (N ORIVF2 R AR5 16. 2
RN _.- O 11..! 16,4

1.5 e ,.11 5 16.5 uy
Lo | 6.6 11.6 16.6

1.8 . .1 11.8 o 16.8

2 L 7 12 a7

2.2 7.2 12.2 17.2

2.4 7.4 12.4 17.4

2.5 7.5 12.5 17.5

2.6 7.6 ‘ 12.6 17.6

2.8 7.8 12.8 17.8

3 #3 13 18

L - AN .W _

3.2 8.2 13.2 18.2

1.4 8.4 13.4 18.4
3.5 8.5 13.5 18.5

(R 8.6 13.6 18.6
L_i’,*; I 8.5 13.8 18.8

4 2 14 19

4.2 9.2 14.2 19.2

4.4 o i 9.4 14.4 19.4

4.5 9.5 14.5 19.5

4.6 | 9.6 4.6 19.6
4.8 9.8 ke 14.8 19.8

5 __ 1o o 15 L 20 | i

5.2 10.2 » 15.2 e 20.2

5.4 10.4 154 20.4

5.5 10.5 15.5 420.5

5.6 10.6 15.6| 20.6

5.8 10.8 - 15.8| 20.8

21
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ACHIEVEMENT TEST .
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ACHIEVEMENT TEST

PART I

INSTRUCTION

Place your answers or solutions in the spaces (
which are provided for each item.’ -

Use the provided spaces to work some items.

.

1. The scores for a matheﬁatics test in a class of twenty-nine
Students were as follows:
" 8, 6, 7, 6, 4, 5,5, 7,6, 7, 7, 5, 7,9,
7,8,6,8, 4,6,7,5 5,7,8, 5,5, 8,9

1.1 What is the total frequency in the above set of

scores? 1.1 ¢
1.2 wWhat is the frequency of -the score 57? 1.2 (
1.3 what is the frequency of the score 7? 1.3 ¢

2. The weights in kilogram of 30 students were as follows:
67 41 49 59 51 55 59 58 49 54
46 62 48 63 47 63 43 56 45 67
60 42 61 47 57 43 53 42 44 58
The students' weights are grduped intoc the class intervals:
. 40-44; 45-49; 50-54; 55-59; 60-64; 65-69
2.1 What is the frequency corresponding to the’
| 45-49. class interval? 2.1 (
2.2 What is the freguency corresponding to the
60-64 class interval? 2.2 (
2.3 What are the boundaries of the 50-54
"class interval? : 2.3 (
2.4 What is the width of the 40-44 class

interval? . . ! 2.4 (

&

186



For each of the distributions below, select a word that best o

v

describes its shape from the following list:

-UQShaped, Rectangular, Triangular, Bell-shaped, and Miscellaneouns

e
3.1 N
.t‘
3.1 «(
1 2 3 4 5
3.2
v
rﬁ A
N 3.2 (
’ 1 2 3 4 5
&
3.3
5
3.3

ig7



4.

LT

10.

What 1s the mean of the scores: 2,1, 4, 7, 4, 12»

(use the provided space below to work.) 4. | )

«

whaf 1s the mcdiran nf the scores: 17, 12, 20, 15, 252

What is the mode of the scores: 2, 1, 3, 2, 5, 7, 3, 2, 7?

6. ( )

Given the following distribution
.
100 101 102 103 104

7.1 What is the mean? 7.1 ( )
7.2 What is the median? 7.2 ( )
7.3 What is the mode? 7.3 ( )
What is the range of the scores ‘
2,1, 7, 3, 2,5, 7, 3, 22 8. ( )

"At noon, March 25, 1976, the temperature was 6°C. The record
high temperature for this day was 13°C in 1940. The record
low temperature for this day was -30°C in 1911."

What is the range of the temperature for March 25 since 1900?

388

9. ( .

Find the standard deviation of  the scores: 1, 3, 5, 7, 4.

(use the provided space below to work.) 10. ( - )



11.  Set

and

A 1s a given set of numbers which has a mean of 12

a standard deviation of 4:

11.% If Set B is obtained from Set A by adding

11.

11.

90 to each number in Set A
11.1a What is the mean for Set B? 11.1la (
11.1b What is the standard deviation . "
for Set BY 11.1b (
If Set C is obtained from Set A .by multiplying
each number in Set A by 2 .
11.2a What is the mean for Set C? .~ 11.2a ( )
11.2b What is the standard deviation
" for Set C? 11.2b ( . )
If Set D is obtained froh Set A by subtracting .
12 from each nuhber in Set A and then dividing ‘
- each result~by'4 ‘
lf.Ba; what is the mean for Set D? 11.3a ( )
11.3b What is the standard deviation
for Set D? ' . . 11.3b (. )

12. Suppose a population con¥F%hs of A10, 12, 30, 14, 50)

12.1 . A sample of size 2 is taken from. the above population

12.

A

12.

<

without replacement. Write four different possibilities

.
for this sample.

12.0 [« , N Y S B , ) , )1

A sample of size 4 is taken from the above population

. without replacement.. Write.two’diffeféhtdpossibilities
for this sample: '
12.2 [ ’ ‘ ’ ) P ' )1
A sample' of size.7>is taken from the above population

with replacement. Write any one'possibility for this

s le.

12.3[( ., r 1 r 14 ’ )] .

389



13.

14.

15.

390

100 StUdents out of the total of 1,000 students in a certain
sch@1 were randomly selected to give their opinions on the

issue "Should the students in this school wear uniforms?"

. Prom the above story

13.1 What is the sample? o 13.1 ( )

13.2 What is the-population? ’ 13.2 ( )
At a certain hospital the weights of new born infants have
been recorded and found to have a normal distributién with a
mean of 7.1 pounds and a staﬁdard deviation equal to 1 pound.
14.1 What percent of the neQborn infants havé_ .

weights between 6.1 and 8.1 pounds? 14.1 ( )
14.2 Suppose there are 1,000 newborn infants in ‘

that hospital. How many of them are likely

to weigh between 5.1 and 9.1 pouﬁds? 14.2 )
The weights of all grade nine boys in Alberta is 1
approximately normally distributed with a mean equal to
60 kilograms:. .
15.1 Suppose.loo samples of size 30 were taken from the

above population, and for each sample the mean weight

is computed. 1In all there would be 100 means for the

size 30 samples.
:> 15.1a What would the distriﬁution of
the 100 means look like? 15.ia ( - )
15.1b Estimate the meén,for the above .
100 means. : © 15.1b ( )
15.2 Suppose 100 samples of size 50 were taken from the
above population{ and for each sample’ the mean
weight is computed. In all there would be 100 means
for the size 50 samples.
15.2a What would the disgribdtion of
the 100 means look like? 15.2a { )
lS.ﬁb Estimate the mean for the above

100 means? 15.2b ( )

N



16.

17.

391

15.3 How would the distributions in 15.la and 15.2a differ?

15.3 ( ‘ )

15.4 1If you were to compute the means for the distributions

in 15.1a and 15.2a, which one would likely be closer

to 60 (60 is the population mean)? 15.4 ( )
The marks of twenty students were ran lomly selected from
the marks of all grade six students in a certain elementary
school. This was done to gather evidence about grade six
marks before students enter grade seven. -The following were
the twenty marks (in percent):

60 62 65 70 55 75 73 78 80 90

55 85 81 74 58‘9'68 70 75 74 727

16.1 What is the population from which the
»

sample was taken? 16.1 ( )
16.2 What is the sample? 16.2 ( )
16.3 What is the mean of the éample? w
(use the provided space below to work.) 16.3 ( . )
'\

16.4 Estimate the average grade six mark for the

students before starting>grade seven. 16.4 ( )

Two students, A and B, would like to estimate the annual
income of the taxi drivers in Edmonton.
Student A asked eight randomly chosen taxi drivers and received

the following replies: 7000, 8000, 5000, 9000, 6000, 8000,

o

6000, 7000. .

Student B independently asked twelve randomly chosen taxi

' drivers and received the following replies: 5000, 8000, 12000,

11000,-é000, 9000, 8000, 9000, 7000, 9000, 10000, 8000.

N



17.1
17.2

17.3

wWhat is the annual income estimated'
by Student A?

What is the annual income estimated
by Student B?

Generally which of the two students
would have the better estimate?

(use the provided space here to work for

INSTRUCTION

within the provided spaces.

18.

PART II

N

392

17.1 | )

17.2 | )

17.3 ( )
17.1 and 17.2)

Answer the following questions briefly by writing your answers

b

Suppose you are assigned to organize and describe by some

statistical procedures the mathematics scores for a groupvdf

one hundred grade nine students.

18.1

18.2

18.3

what would you do so that you could descfibe the distribution

of the scores?

18.1

(

What would you do so that you could get a sirigle score

that would seem to represent the whole group?

18.2

(

)

indicate the spread of the scores?

18.3

(

What would youido so that you could get a number that would




19.

20.

21.

-
Suppose you are given a\box containing 1000 buttons with a

number written on each of them. You are told that the diétribUf

tion of those numbers is norhal. And you are allowed to pick a

sample of any size from the box with replacement.

19.1 What cvidence would you take from the sample to support
the statement that the diétribution of numbers in the box
is normal?

19.1 (

19.2 What would you do to estimate the mean of the numbers in
the box? - '
119.2 )

\ )

Suppose you are asked to find out what the most popular, the

second-most popular, and the third most-popular songs are among

-junior high students in Edmonton during the month of June 1976.

Explain your procedure step by step.

Suppose you are asked to make a_compariéon of the heights of grade
nine students in Calgary with the heights of grade nine students
in Edmonton.- ‘

Explain your proéedure step by step.

393
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22. Suppose y. ar> .sked to predict the outcome of the election
among three candidates A, B, and C in a certain region.

Explain your procedure step by step.

.:. END OF TEST
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CONCEPTION TEST

INSTRUCTION: ANSWER THE FOLLOWING QUESTIONS, AS IF YOU ARE‘QHKNG

INTERVIEWED, IN THE PROVIDED SPACES.

1.

30

The people in your mathematics class are each weiqhed and the
weights are recorded. Your friend, who is not in the class,

wants to know what the "middle" weiqght 1s? How would you answer

. this question?

The "mean” of a set of numbers is another name for the "average'
of the set. For example, the mean of the set of numbers
(2, 2, 3, 9, 10, 10) is six because the sum of the numbers

divided by six i- equal to six. If 123 is added to each of the

'numbers then - - =et consists of (125, 125, 126, 132, 133, 133).

What is the mean of this set of numbers? How do you get the

answer?

The mean of the set of numbers (2, 2, 3, 9, 10, 10) is six. If
each @f the numbers in this set is multiplied by seven the set
of numbers becomés (14, 14, 21, 63, 70, 70). What isltpe mean

of this set? How do you get the answer?
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If the he ot all grade nine girls in Alberta were tabulated
there wo .1 ix small number that were very tal' and a small

number t it wore very short. Most of the heic *s -buld be some-—
where 1n m.:..le. Such an arrangement of numbers is kpown as
a "normal ¢ opution." What are some other examples of "normal

distributions"?

1f 179 grade nine qgirls were picked from the schools of .Alberta
and their "mean height" was computed, would it be the samé as )

the "mean height" of all grade nine girls in Alberta? Why or

why not?

The mean for each of the following sets of numbers is six.
A = k2, 2, 3, 9, 10, 10)
B=1(2, 5,6, 6, 7, 10)
C=14(2, 5,5, 7, 7, 105
A special number can be computed for set A as follows:
1. Subtract each number in the set from ﬁhe mean of the set.
For Set A subtract each of the numbers from six. (See
1 below)
2. Square each of the differences. (See 2 below)
3. Sum these sqﬁares. (See 3 below)

4. Divide this sum by the number of squared terms that were

addéd. (See i below)

I\l



1 2 3 4
b—2:4’ 4% = 16 16 82 : 6 = 13.7
6 - 2 = 4 42 = 16 . 16
6 - 3 = 3 37 =9 9
6 -9 = -3 (-3 =9 9
6 - 10 = -4 S (=47 =16 16 B
6 - 10 = -4 C (=4)? = 16 16 A

82

For Set B, the special number is 5.7.
Compute thi§ special number for Set C.
Can you see any relationship between these special n
the sets from which ‘they were derived? (\

'

Yy




7.

The special number computed for the set (2, 2, 3, 9, 10, 10) was
13.7. If 123 were added to each of the numbers in the original

set then what would the special number be for this new set?

Lméqine that you are given a box witﬁ six buttons in it. They ére
numbered 1, 1, 2, 6, 7, and 7. The "mean number" of this set is
four. Now you are to imagine that you proceed according to
inetructions (a) and (b):

(a) Shake the box. Pick one button from the box. Record its
number and then return the button to the box. Repeat this
step so that you have two ngybers recorded. Compute the
mean of this set of two ng@ﬁérs.ﬂ

(b) Pick a set of eight numbers by using the procedure in (a).

Compute the mean of this set of eight numbers. )

Which of these two computed means, (a) or (b), is likely to be

close to four (the mean of the six numbers-in the box) or would

it make no difference?
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STUDENT REACTION

TO THE STUDENT:

PLEASElCHECK EACH OF THE FOLLOWING STATEMENTS BY DRAWING A CIRCLE
AROUND YOUR SELECTED RESPONSE.
THE KEY TO THE RESPONSES IS:
SA STRONGLY AGREE
A AGREE
U UNDECIDED
D  DISAGREE
SD STRONGLY DISAGREE
- 4
1. Wwhile studyihg the unit I enjoyed doing the

experiments. SA A U D SD

2. While studying the unit I found that statistics >

made me feel uncomfortable and confused. SA A U D 'SD

3. While studying the unit I enjoyed drawing

graphs to illustrate statistical concepts. SA A U D SD

P
4. While studying the unit I found that the

activities were dull and boring. : . SA A U D SD:

5. If I had time I would enjoy goiﬁg\hgzsgd the
aséigned work in the unit. ‘ ~ SA A U D SD

6. While studying the unit I had trouble with many B ©
of the terms and symbols in statistics. SA A U D SD

7. While studying the unit I found that most of

< : R
the statistical ideas were understandable. , SA A U D sD

8. While studying the unit I was able to do_ most

of the exercises by myself. SA” A U D SD




While studying the unit ' felt that many
of the lessons took too much time to

understand thoroughly.

SA A

402

10..

While studying the unit I had trouble

with most of the lessons.

SA A

11.

While studying the unit I found that
statistics 1s more interesting than, or
at least as interesting as, other

-

mathematics I have studied so far.

SA A

12.

After studying the unit I found that I am
interested in_the ideas of statistics in
that_it does not deal with exact answers
for a problem, instead it deals with the
information of a set of scores as a whole
and reasonable estimates for problem

»
solutions.

SA A

13.

While studying the unit I often discussed
statistical ideas with my friends outside

the classroom. -

. SA A

14.

_While studying the unit I did talk about

the uni& to my parents several times.

SA A

15.

After.studying the unit I am interested

in acquiring further statistical knowledge.

SA A

16: -

After studying the unit I feel that I have
learned some new terms and a statistical

vocabulary.

SA A

17.

After studying the unit I feel that I
have learned some new. formulas that I

did not anw bgfore.

SA A




19.

¢! or studying the unit I now understand
the information for a population can be

s, "~ by the information from a sample.

SA

Y mnts, drawing graphs,_ answering

aquooi ! doing exercises while

‘Studﬁ 1t really he- ~dAme to gain

ne  knos ste itics.

‘SA

D}/SD

(St . T fee?l hat I
have lea:rno ‘ ar- ut ~cati. that

I did not now .

SA

21.

After studying che . I se¢ ittt

use for this type of mathemati.s.

SAa

22.

R

Statistical knowledge gained from the

unit will help me to understand the

statistical information in newspapers

and magazines. '

"

SA

23.

After studying the unit I still can not
see the importance of statistics in

everyday life.

SA

24. .

I think that the statistical knowledge’
gained from the unit 1% also useful for

further studies.

SA

25.

I belie?e that statistics could be useful

for various future occupations.

26.

..............................................................
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TEACHER REACTION \

Based on your own' assessment about the instructional unit
"Basic Inferential Statistics," please give your opinions on the

following five question areas:

1. What perceptions do you have of hbw well the unit "Basic .
Inferential Statistics" serves the general five objectives listed
below? )

a) To develop an undetstanding of mathematical concepts and
appreciationﬂqf mathematical structure. |

b) To develop skill in the use of the fundamental process.

c) To develop s?stematic methods of analyzing problems aﬁd

. ,oﬁipresenting their solutions. _

d) To develpp habits of precise thought and expression.

e) Té develop an understanding of the significance and

application of mathematics in the modern world.

2. What peréeptions do you have of the instructional suitability of
the unit?
?"Instructiona& approach: using examples along with
graphical illustrations, and doing gxpefiments where
appropriate. ‘ .
' The amount of work, time, money (if any), and the degree
of difficulty sn: lesson preparation, activity development,
material management, extra help to students, class organiza-
tion, and others. -
- The adequacy and student interest in materials used:
established data in a box and personal data.
. Otﬁer. »
3. What perceptions do you have of the demands made on the teacher's
subject background in teaching the unit? ' .
Do‘you feel you have sufficient subject background to
teach the unit? v
- Do you feel, in general, that junior high scho ~thematics

‘teachers have sufficient subject background to :ac “he



unit?

Other.

What perceptions do You have of the student reactions to the
unit?
Do Students enjoy the activitiesg?
Do tne students have . lot of difficulty in understanding?
- Do students express interest in the content?
‘Do the students feel they have gained new knowledge?

Do the students perceive the usefulness of the subject?

" Should the unit or this type of mathematics be included in the

Ccore program? R
If "no," why not?
If "yes"
~ What 'would be the suitable grade?
~ What topic should it replace?

-~ Other.
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THE STUDENTS' BACKGROUND

7

) Attendance
Prev. Term Age (months) (Noof periods
Student* I1.Q. Scores** Math Grade (%) (April '76) absent)
‘ el
01A0 112 90 181 .0
02A0 82 35 _ 183 21
i 03l 85 60 182 0
04A0 106 50 174 1
05A0 < 91 400//) 178 0
06A0 Y100 50 172 1
07A1 117 85 181 1
08A0 124 - 85 175 3
09a1 98 75 178 0
10A1 108 90 178 0
11A0 135 80 178 2
~12A0I 127 95 173 0
130 120 g5 176 0.
14a1 107 70 182. 1
150 77 40 186 o A
16A0 10 80 : 179 3
17a1 116 80 170 0
18a1 ' 118 -85 ; 185 1
19a1 123 8s . 181 0
2051 96 60 177 1
21a1 113 ‘ 75 171 0
% 107.43 71.19 178.10 0.76
SD 15.51 18.57 4. 48 © 1.00

*

*
Students' I.D.:

First two digits - identified numbers given.
Letters: A -.School A - '
B - School. B
Last digit: 0 - a girl
1 - a boy.

* - .
I.Q. scores from both schools were measured by using Lorge Thorndike
Intelligence Test, November 1974.
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Aﬁtendance
Prev. Term Age (months) (Noof Periods

Student I.Q. Scores Math Grade (%) (April '76) Absent)
01B1 104 755 182 0
02B1 102 80 | 174 1
0380 - 81 50 ' "174 0

' 04B1 102 45 182 0
05B0 85 ‘ 10 185 2
06B1 131 70 , \‘\ng 3
07B1 104 50 188 1
0881 85 50 176 0
09B0 99 30 170 4
1081 88 : 50 © 197 1
11B1 104 65 174 1
12B1 102 65 174 3
13B1 111 70 176 1
14B0 . 89 50 . 178 | 2

““15B1 104 55’ 175 0
16B1 101 25 176 1
17B1 : 119 80 170 0
18B0 104 85 C 177 0
1981 97 60 177 ’ 1
20B1 112 ; 85 | 178 0
21B1 - 122 60 180 0
22B1 103 60 178 3
23B1 92 30 182 3
24B1 113 35 182 0
25B0 ' 84 35 180 8
26B1 20" 179 2
2781, 50 180 . 0

x 52.59 | 178.63 1.37
SD 19.68 : 5.52 1.80
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RESULTS OF PART I, PART II, AND APPLICATION PART

416

Student Part I Part II Application Student Part I Part II Application

- 01A0
02A0
03A1
04A0
05A0
06A0
07Al1
08A0
09Aa1
10Al

11a0

12R0
1340
14A1
1580
16A0
17a1
18A1
19A1
20A1
21Ak

41

13
32
29
15
15

38

41
26
38
40
42
40
25
- 15
37
37
33
38
15
32

14

2
7
10
6
1
12
13
5
11
9
12
13
6
1
11

11

11
13
3
7

18
2
10
13
5
1
16
1
8
14
18
18
15
8
2

16

16
14
16

5

11

01Bl
02B1
03B0O
04B1
05B0O
06B1
07B1
08B1
09BO
10B1
11B1
12B1
13B1
14BO
15B1
16B1
17B1
18BO
19B1
20B1
21B1
22B1
23B1

. 24B1
.25B0

26B1
27B1

X (A)
SD(A)
x(B) -
SD(E)
X(AB) |
SD(2B)

33
39
27
20
23
36
Abs.
T 26
31
24
28
Abs.
38
22
32
21
© 39
41
39
44
37 -
-Abs.
21
31
18
25
18

30.57
10.29
29.71

8.01

30.11
9.05

10
8
10
1
3
10

Abs.

W N W NN

N b
w

.30
.71
.79

12
17
9
7
10
15
Abs.
8
13
8
8

. Abs.

15

7
10
10

~ 14

18

l6

17

17
Abs. -

8

‘11

6

9

5

11.71
5.73

11.25

3.99

11.47

4.83
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STUDENT COMMENTS

School A
1. This‘was a very gbod course I enjoyed taking it.
.2. I enjoyed doing the graphs and like the whole course."
3. It is very educational for older classes.
4. I really like the irse. It taught me something that I did not
know and helped me to understand how statistics can be used and
ran in everyday life. p
5. Could of covered iaeas siowerA;o Lnderstand enjoyed it.
. 4
6. If we had more time with it we would understand and enjoy it more.
7. I felt that if we had more time we could have gone through the
unit more slowly may be appreciating it a little more.
8. T liked this unit, it was kind of fun. I didn't like taking
v that much homework home, but I survived.
9. (Could use more time to 1e;rﬁ the work bettér.
10. I think we should have more time to learn statistics a llttle
better. : ' =
. 11. Rush too fast at the end of the unit.
12. It wasn't.a'bad class to také, I didn't gquite understand SD.
13. . I did enjoy étatistics but although sometimes Qidn’t understand.
lﬁ. ‘I did not get very much out of this unit. It went too fast for
me tovcomprehend and I felt it was very confusing.
15. I thought i£ was kind of sick and you went too fast at the en%;
- School B
1. I liked it very much it was fun doing it.
2. I enjoyed these leésons becapée it was fun and wofthwhile.
3. I wouldn't consider this line of work but it wasn't bad.

4. jgpe definitions were rather hard to learn and understand. After ,
fe

w weeks I found it was quite boring, but quite enjoyable at a
few points.
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6.

10.

11.

12.

13.
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It's nice to learn, but I wouldn't want my work to have prthing
to do with it. F\ v '

I did enjoy doing the new class. But as any new thing to
accomplish, it was soméwhat strange and difficult.

We took too much.time on some lesson which made us rush through
the last few lessons.

I didn/t like the homework.

This course was fun at first and then started getting more
complicated.

This lesson I found rather dull through most of it, but some,
nice ey

Things, like standard deviation, were not made clear as to the

value.

I 'did not like the lessons.

14-17. Boring!
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RESULTS OF TEACHER REACTION TEST

Teacher A

1.

These objectives are fulfilled but at varying éeqree. This 1is
dependent primarily on student ab}lit?, student interest in math
area, and the depth of !math background. !
Materials are satisfactory. There 1is pracéical and theoretical
applications involved. Time allotment for such a course was
insufficient. -

To be a success in any field of instruétiqn, a teacher must‘have

some background in the subject area.

(In general) This varies with different teachers.

I feel the teacher should h: ‘e some background in the field

enough to explain any problems that might arise.

M; present class was easiiy motivated with the exception of’the
students thaﬁ had a weak background in math skills.

Interest was great. Students did work én their own time at home,
some stayed after schoél hou;s and questioﬁed me about various.

areas taken.

It could be but it is dependent upon the student ability. For

those weak in ﬁath skills a limited portion of this course could -
be applied only. The depth & content of material are dependent

on the teacher's background, & also oﬁ the type df students.

Graphs, histograms, figd:es, polygons could easiiy be adapted to

all students' levels and ability, but some parts are not.
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Teacher B

1. Listed in order of how I thought they were served best:
a, ¢, d, e, b.

2. -Instructional approach was good. - Time permitting I'd like to see
more exéeriments and activities pérformed by the students (esp.
on the lesson devoted to standard deyiat}on).

-As 1t was set ub the amount of preparatipn time needed (by the
teacher) was quite minimal; however if there were more activities
involved this would be increaséd as a result of allowinq time
to mafk and record. Also I think about every.Sth lessoﬁ there
could be included a review of the material covered up to that
time.

_—The teacher had to be prepared encugh to teach the basic ideas
in each lesson befére the students Qere asked to do the exercises.

‘The instructional unit was not written in detail enough to be

.able to h;nd it out and let the students work on their own. As
it was, even after going through most of the ideas with the class
there were always some who had difficulties when doing thei

o : .
individual work.

-They liked using their personal data.

3. I had previously taken an elementéry-statistics course (255) at
U. of A. so I had sufficien£ background in this subject. I think‘
this is a requirea course if you major iﬁ math, therefore all

.

junior high math teachers should have sufficient background know-

ledge.

* 4. overall I think the students enjoyed the activities. They had
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some difficulty in understanding and seeing the. usefulness of
some of the concepts. Terms and concepts were often not clearly
outlined for. them and this tends to make them a little uﬁeasy.

I feel that at a J.H. le?el these must be defined quite clearly.
Where the unit left off, I don't feel‘thaﬁ most of the students
perceived the usefulness of this subject. Maybe allesson or 2
could be:added to give them practical examples of how phese
ideas are used in life situations.

As the core program how stands there is no extra time to introduce
this type of math at the Gr. IX level; ho&ever if there was time
I think it would be an excellent supplementary or enrichment

_topic to cover. It would be suitable for Gr. 8 or 9.



