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CHAPTER I

INTRODUCTION

During the past decade a revival of interest in the curriculum of
the secondary school has been exhibited by mathematicians and members of
various mathematical associations. As a result of this interest, the
mathematics program appears to be undergoing a process of redesigning.
With increasing interaction of the disciplines, including mathematics and
science, the traditional mathematics program is being studied in an

B d

attempt to bring it more into line with cwrent demands. With the adwent

P

¢ of computers, emphasis on certain methods for. the solution of equations

is of less importance today.

One of the needed areas of mathematics is that of developing the
facility to analyze data collected in an experimental situation and to
draw conclusions about the populations from which samples were drawn,
This is the province of statistical inference and the associated aspects
of probability.

Statistical procedwres are applied in many instances in education,
in business, in the social sciences, and in the natural sciences. Mathe-
matical analysis of data rather than a rational analysis 6f data is
becoming more evident., A clothing manufacturer is interested in the
distribution of sizes needed for potential customer population. This
manufacturer also wishes to present merchandise of acceptable quality at
a minimum cost, Control of the mass production process is necessary, These

are some of the problems of the quality control statistician.
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The citizen buys insurance as a protection against the probability
that his property will be damaged or destroyed. The insuror uses the
laws of probability to determine the amount that this protection will
cost the insured.
The social scientist uses principles of statistical inference in
a study of social structure, economics, and the interaction of common
factorse The psychologist in a study of the individual, his aptitudes,
intelligence, and personality makes use of statistical procedures to in-
terpret data. i
U
While it is not“the intention of the secondary school to produce

#finished® statisticians, an introductory course may serve as an indi-

éator of fhe possibilities of this field of study.

Statement of the Problem

The purpose oi this study was to determine the ability of apt
secondary scnool students to apply principles of elementary probability
and statistical inference in the analysis of data following a semester

of instruction in statistics and elementary probabilitye.

Importance of the Study

The importance of this study is:
l. In many instances curriculum revision has been attempted
through uncontrolled judgment or opinion, leading to an accretion of

courses in the typical secondary school program., Instead, any revision
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of the program of study should be attempted in light of experimental data
where practicals

2, Before interjecting new subject matter into the curriculum,
some knowledge of the limits of acheivement for apt secondary school stu-
dents is necessary. Knowledge of these limits serves as a more reasonable
basis for selection of level of content,

3e The use of statistical procedures, as a tool comparable to
other mathematical processes, may open areas for investigation that would

otherwise go undetected or in certain instances would be beyond solution,

Assumptions

Assumptions basic to this study ares

l. The application of the principles of statistical inference is
important in the process of utilizing the scientific method in the
solution of problems,

20, Statistics is appropriate in that it serves as an informative
type of course, and an introductory experience in an area which may con-

ceivably become a field of further specialization.

Limitations of Study

This study is limited to data obtained from the sample group of
those students emrolled in a class in advanced mathematics at Bearden
High School, Knox County, Tennessee. This group was composed of four

Juniors and fifteen seniorse.



The control group was composed of students enrolled in a Plane
Geometry class at Bearden High School; Knox County, Tennessees

The study is further limited to a determination of the ability of
apt secondary school students to apply the principles of statistical

inference and probability in the analysis of data,.

Related Studies

As early as 1920, reference may be found relating to the teaching

of statistics in the secondary schoolo1 One of the studies of this

early period in mathematics education was that of the Mathematical
Associati on of America in 1923°2 In these studies, the suggested organi-
zation of the statistical instruction was restricted to that of
descriptive statistics with the additional concepts of central tendency
and variability.

One of the major studies of more recent years pertaining to
mathematics education was that of the Progressive Education Association..3

In this report the statement was made that:

1Truman L. Kelley, "Elementary Statistics in High School as a
Socializing Agency,® School and Society, 11:228-30, Febrwary, 1920,

2'I’he Mathematics Association of America, The Reorganization of
Mathematics in Secondary Educati on. Part I. A Report of the National
Commitiee on Mathematical Requirements (Cambridge, Massachusetts: 1The
Riverside Press, 1927)

3Commission of the Secondary School Curriculum of the Progressive
Eduwcation Association, Mathematics in General Education: Report of the
Committee on the Function of Mathematics in General Education (New York:
D. Appleton-Century Company, Ince., 1940)e




o o o the emphasis has been largely upon . . . computational
aspectso The interpretation of statistics and discussion of
the relative-advantages and dﬁsadvantages of various measures
has been seriously neglected.

The writers of this report at first emphasized the nature of
statistical procedure from purely a descriptive viewpoint, but later
introduced the idea that certain inferential procedures are imperative
in the process of analyzing data and solving problems,

In more recent years;, the Mathematics Commission of the College
Entrance Examination Board and the National Association of Teachers of
Mathematics have undertaken the task of developing materials for sug-
gested additions to the secondary school mathematics curriculume. The
National Council presented their collective thoughts in the Twenty-
Third Yearbook of the National Council of Teachers of Mathematicso. This
publication, among other topics, presents a discussion of the various
concepts of probability which might be included in a secondary mathe-

5

matics program. The Mathematics Commission has published a book
containing what is described as an experimental course in elementary

probability and statistical inference,

thidfJ PpP. 121-22,

SHerbert Robbins, "Chapter XI, The Theory of Probability," Twenty-
Third Yearbook, Insights into Modern Mathemmtics (Washington, D. C, ¢
The National Council of Teachers of Mathematics, 1957), ppe 336=371.

Commission on Mathematics, College Entrance Examination Board,
Introductory Probability and Statistical Inference for Secondary Schools,
An‘Experimental Course (Preliminary edition; New York: College Entrance
Examination Board, 1957).
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Beberman7 and O"Toole8 presented doctoral studies in 1952 relating
to statistics in the sécondary school program. Beberman's study is
centered around justifying the inclusion of statistics in the secordary
school program. The general concensus of the thesis with respect to this
is that education has two responsibilities resulting from demands of
societys The first of these demands relates to the need for trained
statisticians for industry. It is recognized that the responsibility for
producing these trained people rests not with the secondary school as
such but rather the secondary school is assigned the responsibility of
creating an appreciation and an awareness of the role of statistics. By
doing this the schools may indirectly serve the purpose of awakening the
interest of capable students and calling their attention to the voca=-
tional possibilities of statisticse The second function delegated to
the secondary school is that of developing a certain proficiency in sta=
tistics. The statement is made that before society can make full use of
statistics, it is necessary that statistically literate people be
developeds

7
% ¥
NEPE S
SR T e Fapg e
s fart
Ao G

Beberman stateg that the only reason for the inclusion of any

YMax Beberman, "The Teaching of Statistics in Secondary School
Mathematics® (Unpublished Ed.D. Project Report, Advanced School of
Education, Teachers College., Columbia University, February, 1953).

8Alphonsus Lawrence 0'Toole, "Statistics in the Secomdary-School
Curriculum® (Unpublished Ed.D. Thesis, The Graduate School of Education)
Harvard University, 1952).
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subject matter into the curriculum is that the added material will better

L
a2ass
enable the school to fulfill its function in a democratic society. He ’
24 A
STt J,éf 7

apparently bases ks subject matter content upon the findings of His sur-
vey of secondary schoo} mathematics texts and other materials appearing
to be significant to ﬁgﬁ;A@ig;

Beberman further identifies in his work the areas of statistics to
which he feels the secondary school should give attention. The areas are

fﬁ l. the collection of data

20 the description of data

3, the interpretation of data

0'Toole's major contribution in his study is the detailed outline
for a préposed'course in statistics for the secondary school mathematics
program. The recommendation was made that this material be placed in
the eleventh and twelfth grades and be substituted for the conventional
algebras O0!Toole does not make a statement as to whether or not this
material is’to be presented to all students taking second year algebra or
to a special group.

The body of subject matter formulated by O'Toole and suggested for
the statistics program included:
1. The Components of a Statistical Investigation
2. Measures of Central Tendency and Variability
3. Sampling and Elementary Experimental Design
Lo Elementary Probability

5. Discrete and Continuous Distributions



J 6s Tests of Hypotheses
a, Student=t distribution
be Chi~-square distribution
Co Analysis of Variamce
do Correlation and Regression
7o The Preparawsion of Statistical Reports
O'Toole justifies his course and its content on the basis that it
will aid‘the student in being better able to solve social problemse
Of the units which have been taught and reported, Olander9 gives
a complete report of the content of his courses The mzjor weakness of
this report is that relating to the evaluwation procedure. Four questions
were asked, "Why should statistics be taught?" "What should be included
in a course in statistics for secondary school students?¥ ¥How should a
course in statistics for secondary school students be conducted?® "where
should statistics be placed in the cwriculum?® Olander answers these
questions by describing his own work. In so doing some important obser-
vations are madee
In answering the first of these questions -~ ™§hy should statistics
be taught?® =~ the following points are made. The average citizen is
asked to digest much information today involving the necessity for sta-
tistical interpretation. Five objectives are given for the course in

statisticss

& le Understanding the role of mathematics and probability in

statistical reasoninge

231arence E. Olander, "Lets Teach Statistics," The Mathematics
Teacher, 51:253-60, April, 1958,




2o Understanding the types of problems in society that can be
solved statistically.

3o Understanding the basic statistical techniques, concepts,
and methods,

Lo Ability to define a problem, design, and carry out the proper
statistical analysis necessary to draw valid conclusions,

Se Appreciation of the limitations of statistical inference and
an understanding of the generalizing ability of experimental evidence.

In answer to the question of placement of statistics in the
curriculum, Olander indicates that statistics may be developed as an
academic subject throughout the entire school program both on the elemen-
tary and secondary levels, If it is not to be taught in this manner then
it is recommended that the most logical place for its inclusion in the
program would be within the area of mathematics.” It was proposed that
this inclusion could be accomplished in one of two ways:

1, Be made into a grades 7-12 sequeme, or

-2e Be a one semester course in mathematical statistics replacing
a semester of conventional mathematicse

In discussing what should be included in a couwrse in statistics
for secondary school students, the comment is made that throughout a
course of this nature, it should be remembered that mathematics is assum-~
ing the role of an applied science. In most instances a distinction is
made between descriptive and inferential statistics. It was proposed that
the descriptive techniques be used as a means for carrying out statistical

inference. The following activities were suggested as being worthy of
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accomplishments
le Develop a feeling for the nature of statistics
a. Discuss various aspects of statistical reasoning as
applied to an introduc tory problem to include the
identification of a problem; obtaining the sample,
stating the hypothesis, and procedures used in testing
the hypothesiss
be Introduction to sampling techniques.
2o Study probability
Include the study of permutations, combinations, binomial
theorem, probability theorems, empirical probability, and
probability distributionse
3o Develop an understanding of statistical reasoning to include
as the logical role of statisticss
b. the limitations of statistics,
co the comparison of kinds of reasoning.
In considering how a course in statistics should be conducted,
emphasis is placed on the fact that the objective of such a course in
statistics is not to train research statisticians but to give students
some impressions of statistical reasoning and kinds 9f problems that can
be solved through statistical reasoning with the associatec; limitationse
The approach must allow students to develop an understanding
of the statistical methods under consideration. The fact that
a student can perform mathematical techniques, indicates very
little as to understanding. Furthermore, a knowledge of the
steps involved in testing a hypothesis does not guarantee that

the student has a fundamental knowledge concerning the acts of
inferernces Often times the blind mechanical use of wvarious
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formulas seems to add to the general confusion. The interpre-
tation of statistical reasoning can be understood most easily
if the general problem ig first studiig from its logical,
rather than its mathematical aspects,

Briefly Olander approaches the question of organization of the
course by saying,the class instruction should start with some idea of the
meaning of statistical reasoning, The student should understand that
statistical reasoning begins with a clear concise statememt of the problem
and ends with probability statements concerning the hypothesis formulated
from the problem.

It was then suggested that a study of probability follow the intro-
ductory sessions on statistical reasoning., Within this can come an
understanding of discrete and continuous variables. The binomial theorem
and distribution should then be explored and the normal distribution may
be introduced showing its relationship to the binomial.

With the developed understanding of these sampling distributions,
the student would then have a good background for testing statistical
hypotheses and the functional application of the principles of statistical
inference,

It should be noted that in these reports; there is no mention at
any place of an attempt to evaluate objectively the effectiveness of the

proposed courseo,

Hypotheses

The test hypotheses in this investigation are:

1. There is no significant difference between the pre-test

1001ander, Po 256,
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scores and the post-test scores for the experimental groupe

2o There is no significant difference between the pre-test scores
and the post-test scores for the control group.

30 There is no significant difference in the ability of apt
secondary school students who have completed a semester in elementary
probability and statistical inference and that of apt secondary school
students who have not received instruction in elementary probability and
statistical inference in applying the concepts and principles related to

this course, as measured by post=test scorese.

Methods of Procedure ard Sources of Data

In pursuing the problem basic to this study certain sub-problems
were encountered which served as guides in determining the methods of
procedure and the methods of collecting and evaluating datae

l. A semester course of study in elementary probability and
statistical inference applicable to secondary school students was devel-
oped.

In the process of formulating the body of subject mtter to be
included in the course of study, members of the staff éf the Statistics
Department of the College of Business Administration were consulted and
their recommendations were collected. A second source of guidance for
the selection of this material was the literature relating to elementany'
statistics. Numerous articles have been published suggesting various

topics considered by the respective authors to be important. A third
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source of information was several of the standard texts in elementary
statisticss The various general and specific topics collected from these
sources were tabulated and from this basic outline the organization of the
course was determined. Concurrent with the determination of the body of
subject matter to be included, was the selection of the instructional pro-
cedureo. In teaching these classes, the lecture method of presentation was
relied upon primarily. Where possible, exercises such as sampling from
particular populationsy, drawing graphs from these data;, and determining
the relationship between variances for distributions of sample means of
various size samples were utilized. In additiony; considerable emphasis
was given to the solving of exercisess

2. An adequate testing instrument which would measure the ability
of selected secondary school students to apply the principles of elementary
probability and statistical inference in the analysis of data was developeds.

This instrument was developed in the light of the objectives of
the coufseu The body of subject matter was viewed in terms of these ob=
Jectives and test items were developed which would evaluate the ability
of the students to utilize this material. These test items were then
submitted to the jwry used in the formulation of the subject matter and
also to the Head of the Tennessee State Testing Program. Two forms of the
evaluative instrument were developeds Form A (Appendix A) was used at
the beginning of the period of instruction and Form B (Appendix B) was
administered at the end of the semester of instruc tion.

3s A group of apt secondary school students was selected and per-

mission was secured from the responsible persons for carrying out the study.
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The group used in this study was enrolled in an experimental class
in Bearden High School, Knox County, Tennessees This group was a pilot
study group for the county system where various topics in advanced
mathematics beyond the usual secondary school mathematics content were
being examined. Four of the members of the class had completed two years
of secondary school mathematics while the remainder had completed three
years of work. All of these students were taking a second cowrse in
mathematics in addition to the experimental coursee.

In securing permission for the course involved in this study, it
was necessary to receive the permission of the resident mathematics
teacher; principal, superintendent, supervisor of instruction for the
county, and the State Board of Education. A proposed course of study
was submitted to each of these elements in turn.

This permission was sought under the ruling given in the State
Department of Education'!s bulletin which is as follows:?

This requirenenthdoes not prohibit local school systems

from offering instruction in additional areas, or in ad-

ditional courses, provided that courses of study are
submitted to the State Board of Education for approvale

Furthermore, the proposal was in line with one of the Tennessee

State Départment of Education's "Basic Beliefs Umderlying a Program of

W rennessee State Board of Education, 1957-59 Rules, Regulations,
and Minimum Standards of the Tennessee State Board of Education (Nash-
ville, Tennessee: otate of Termessee, 1957), Do Lbs
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Puwblic Instruction,® viz., "Belief in the Methods of Experimentation and

Research.12

Organization of the Study

Chapter I contains the statement of the problem, the importance of
the study, the basic assumptions, the limitations of the study, the review
of the related literature, the hypotheses, the methods of procedure and
sources of data; and the organization of the study. The statement of the
objectives of the course taught to the students, a description of the
course in statistics and probability taught to the students, and a state-
ment of the methods of evaluating the course are stated in Chapter II.
Chapter III is a presentation of the data with the statistical analysis
of the test validity, test reliability, and the tests of the hypotheses
for the study. Chapter IV contains a summary of the study and the con-

clusions reached as a result of the investigation.

2Letter from R Re Vance, Director, Instructional Adminis-
tration; Department of Education, State of Tennessee, to C. M,
Bridges, dJr., dated July 16, 1958,



CHAPTER II

DESCRIPTION OF THE COURSE

In developing any course of study, it is important that the objec~-
tives of the course be determined and used thereafter as a basis for the
selection of subject matter, methodology, and evaluative techniguese

In developing the objectives for this course; it was necessary to
keep in mind that the primary concern of the course was not to develop
research statisticians,; but rather the development of a basic understand-
ing of statistical reasoning and certain computational skills by the
students. As was stated in Chapter I, there are no reports in the litera=-
ture describing a controlled study to determine the ability of students
on the secondary school level to understand and apply the principles of
statistical inference and probability in the solution of problems invol-
ving the analysis of data. In suggesting the possible addition of
statistical inference and probability to the mathematics curriculum of
the secondary school, the major objective for some seems to be the
developrent of the ability to analyze data. With the increasing impor-
tance of the scientific method in the program of the students, some
attention to the place of statistics may become necessary. The major
purpose in the addition of a course of this type would be to enable the
student to better analyze problemso, With these ideas in mind the fol-
lowing objectives were formulated for the course.

lo The student may develop an understanding of the types of

problems that can be approached through the use of statistical
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procedures,

2o The student may develop an understanding of some basic statis-
tical techniques, concepts and methodss

3o The student may develop the ability to define a problem, design
a simple experiment, and utilize the principles of elementary probability
and statistical methods in the analysis of data,

Lo The student may de#elop an appreciation of the limitations of
statistical inference and an understanding of the limits within which
generalizatiqns may be made from experimental data,

The understanding sought in the first objective would be developed
throughout the period of the course. As each of the various statistical
techniques was developed, examples of the types of problems where the
specific technique was applicable was givene

The second obJjective was achieved through the study of a body of
sw ject matter in elementary probability and statistical inference,

Table I; Time Schedule for the Presentation of the Areas of Subject
Matter, presents the major subject matter areas and the amount of time

spent on each,

Components of a Statistical Investigation

The first seven hours of the course were spent discussing the
various components of a statistical investigatiom. Covered in this dis-
cussion were such topics as continuous, discrete, qualitative, and

quantitative variables, population, sample, types of descriptive techniques



TABIE I

TIME SCHEDULE FOR THE PRESENTATION
OF THE AREAS OF SUBJECT MATTER

Area

Time in Hours

I.

1T,

11I.

Vo

VI,

Vil

The Components of a Statistical
Investigation

Measures of Central Tendency and
Variability

Elementary Probability
Discrete Distribution Functions
The Normal Distribution

Tests of Hypotheses

Developing the Statistical Report

10

12

30

Total 80
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including histograms, frequency polygons, cumulative frequency polygons,
and ogives, Distinction was made between a continuous distribution and

a discrete distribution.

Measures of Central Tendency and Variability

The second major area was the measures of central tendency and
variability. In discussing the measures of central tendency -~ mean,
median, mode ~- these factors were presented as one means of locating
a distribution within the continuum of the number system. The measures
of variability =~ variance and standard deviation =- were approached

through the use of the least squares technique. The discussion of this

material was limited primarily by the mathematical background of the
students in the class, notably the lack of the calculus. These were
presented as further ways of describing a distribution of wvariables.
Exercise sheets were given to each of the students., Following are
some examples of the types of exercises the students were asked to do.
The students were asked to compute the mean, range, median (where pos-

sible), mode (where possible), variance, and standard deviatione.

1. L6, 51, 52, L8, 50.

20 L, 6, 8, 3, 5, 2, 7, 9, 11, 3, L, 3.

3. 16.1, 15,9, 15.8, 16,2, 1603, 15.65 15.9, 15.8, 15.9, 15.6.
Lo 161, 159, 158, 162, 163, 156, 159, 158, 159, 156.

S. 1510, 1550, 1600, 1520, 1530, 1510,

Where appropriate, the students were instructed to code the data

for ease in computations,



Elementary Probability

20

Before proceeding to any of the types of frequency distributions,

it was thought necessary to present some of the fundamentals of elementary

probability., Within this area the following concepts were developed:
l. The probability of the occurrence of a single event
2e¢ The idea of sample space
3o The addition rule
o The multiplication rule
5. Combinations
6. Permutations

These ideas were given an empirical basis up to the extent that dice,

coins, playing cards; and other such items were used as sources of data,

Along with the discussion, the students were asked to work certain

exercises such as the following:

L,

20

3o

L.

What is the probability that two cards drawn at random,
with replacement, from a standard deck will not both
be of the same suit?

One bag contains twe white beads; three yellow beads,
four red beads, and five blue beads. Another bag con-
tains five white beads, four yellow beads;, three red
beads, and two blue beads., One bead is drawn at random
from each bag. What is the probability that both will
be of the same color?

An unbiased coin is tossed 200 times., What is the stan-
dard deviation for the distribution of values?

A group of people started out on a trip by boat. Three
of the group did not reach the destination., The remain-
ing members of the group returned by airplane., Four of
the group stopped at destinations along the return route.
What is the probability that a given person in the group
did not complete the trip?
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S. A certain game of chance has 200,000 tickets numbered
serially and priced at five dollars each., Two tickets
chosen at random will pay $15,000 each to their pur-

chaser. What is a purchaser's expectation of value
from a single ticket?

Discrete Distribution Functions

Following this discussion of some of the simpler forms of probe
ability§ the discrete distribution functions == binomial, Poisson,
hypergeometric == were discussed. The conditions under which each of
these functions was applicable were pointed out, Also it was pointed
out to the students that the binomial distribution is the basic distrie
bution and that the other two diszrete distributions were approximations
of this funetion, Representative examples of the types of exercises

worked by the students during this period were:

Binomial Distribution

l, A distributor of seeds determined over a period of years
of testing that 3 per cent of his seeds will not germi-
nate. He sells the seeds in packages of 150 seeds and
guarantees 95 per cent germination. What is the proba-
bility that a given package will not meet the guarantee?

2o If a true coin is tossed ten times; what is the proba-
bility of getting at mest eight heads?

Poisson Distribution

l. Suppose that the number of telephone calls handled by a
particular telephone operator during a given five minute
period follows a Poissen distribution, with a mean of
four., What is the probability that the operator will
handle no calls during the same period on a given day?

2o “An insurance company finds that the probability of a certain
aged person dying during a given year is 0,0002 from a
specific disease. What is the probability that two out of
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100,000 insured risks of this age will die of the disease
during the year?

Hypergeometric Distribution

1.

20

A grocer knows that in a particular lot of 500 apples there
are twenty-five bad ones, What is the probability that a
sample of twenty apples will contain three of the bad apples?
If any bad apples are found in the sampling process, the

lot will be rejected. What is the chance of this event
occurring?

The Normal Distribution

The normal population and normal distribution were presented next.

The normal distributi ons of separate values and of sample means were

treated.

The students were asked to carry out certain exercises related

to the determining of the probability of the occurrence of a range of

values as well as a range of sample means in a given normal distribution.

Examples of these exercises were:

1.

20

3e
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Given a normal distribwtionwith a mean of sixteen and a
standard deviawWon of two, what is the chance that a value of
X picked at random will lie within three units of the mean?
Will it be at least four units different from the mean?

If one hundred objects are selected at random from a popu-
lation having g = 25 and o = L, how many could be expected
to have values of at most 277 at least 23? exactly 23?

& manufacturer of a type of metallic strips guarantees that
no more than one in 500 will be narrower than 0.25 inches.
The standard deviation for -the manufacturing process is
0.004 inches, What is the probability that a sample of
twenty-five strips will have an average width of at least
0.252 inches?

Samples of -size thirty-six are drawn from a universe with

‘# = 100 and o = 196. What proportion of the sample means

may be expected to have values less than 95.43%2

A true-false test has fifty itemss What is the approximate
probability of a student answering thirty of the questions
correctly by flipping a coin?
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6o A bin of electrical switches contains 2 per cent defectivese.
What is the chance that a sample of thirty-six will contain
six defective switches? Work this two wayse.

In presenting the distribution of sample means, it was appropriate

to present the central limit theorem and the standard error of estimate,

Empirically this was done by taking a population of poker chips numbered
to follow a normal distribution and comparing the distribution of the
single values with distributions of sample means for samples of varying
sizess The relationship of the variances of the single value and sample
mean distributions tended to implement the discussion of the standard
error of estimate. Along with the distribution of sample means, the

distribution of sample proportions was also introduced.

Tests of Hypotheses

Following this preliminary work, the students were then given their
initial introduction to the concept of statistical inference. The thought
of making a statement concerning the probability of the occurrence of a
sample mean within a given hypothesized population was developeds In this
case both of the population parameters (mean and standard deviation) were
knowne Also included within the framework of this section were the con-
cepts of point estimates of the true population mean, confidence interval
estimates of the true population mean, and the sample size necessary for a
prescribed degree of accuracy in estimating the mean. The students were
given a format for setting up the solution of problems involving the test-

ing of hypothesess
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3.

Lo
50

2l
Statement of the problem or guestion of concern
Statement of the statistical null hypothesis

Statement of the level of significance and the placement
of this probability

Statement of the critical regions
Computation of the sample statistic

Action with respect to the test hypothesis (i.e., accept or
reject the hypothesis on the basis of the data). When the
hypothesis was rejected, the student was asked to calculate
the appropriate confidence interval estimate of the true
mean for the population from which the sample was drawn.

An example of the types of the types of exercises used in this

section is:

A certain muniti ons manufacturer guarantees that a particular
type of anti-tank mine fuse will not detonate more than five times in
a thousand with a pressure of less than two hundred pounds. The
standard deviation for the manufacturing process is five pounds. What
is the mean of the population of fuses? Upon receipt of a shipment
of these fuses, a sample of twenty-five yielded a mean firing pressure
of 209.5 pounds,

do

bo

do

At the 1 per cent level of significance, would you accept
the shipment?

What is the probability of obtaining a sample of twenty=-
five fuses with an average firing pressure of 210.5
pounds or less from a lot of fuses in which the true mean
is really 212 pounds?

Since you have rejected the hypothesis, what is your best
single point estimate of the true mean for the population

from which the sample was drawn?

Under the test you have set up, if the true mean of the
lot is 210.5 pounds:

(1) How often will you reject the hypothesis and conclude
- that the fuses are below standard?

(2) How often will you accept the hypothesis and conclude
- that the fuses are acceptable?
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es What would you conclude concerning the hypothesis if you
were to take a sample of only sixteen fuses?

f. What size sample would be necessary if you wanted the
sample mean to be no more than two pounds different from
the true mean with 95 per cent confidence?

ge If you were to take into consideration a power of 90 per
cent and the desire to be able to distinguish between

population means at least two pounds different, how would
this affect your sample size?

As can be seen by parts d; f; and g of this sample exercise, the
Type II or B error and the power of the test (1 = B) were also discussed.
| The testing of hypotheses for single population proportions or
percentéges was also discussed at this time. It was pointed out that in
many cases industrial testing is done in terms of defective parts or
merchandise and this technique was used primarily in these instancess,
Sample exercises used for this were:

le A certain factory had a daily absentee rate of 2 per
cent on the average. On a particular day a department
in this factory had nine workers out of 100 absent.
Would you say that something in addition to chance was
influencing the departmental absentee rate? What would
be the 99 per cent confidence interval estimate of the
true population proportion for the departrent in ques#on?

2¢ A certain manufacturer receives a response from about 2
per cent of the advertisement brochures sent out on the
average. A new type of advertising campaign is tried out
on 2500 randomly chosen consumers, and 119 responses are
received. Is the new type of advertising program more
effective than the old type?
The students were then presented with the more prevalent situation
where the population standard deviation parameter is not known., The idea
of using an estimator, the sample standard deviation, in the test of the

hypothesis led to a discussion of Student’s~t distribution. The asso-

ciated confidence interval estimate was also presenteds
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Example exercises used with this section were:

l. A test was given to a sample of 19 students and found to
have a sample mean of 72.7l with a standard deviation of
11.13. At the 0.01 level of significance, does this indi~
cate that the group is above average if the population
mean is 66,077 If the hypothesis is rejected; compute the
99 per cent confidence interval estimate of the true mean.

2o A chemist made four determinations of the melting point of
Rutheniums 2550.95, 2551.00, 2550,50, 2550,75 degrees
Centigrade. Are these findings in accord with the value
reported in the Handbook for Chemistry and Physics? Calcu-
late the 95 per cent confidence limits for the true mean.

After completion of the discussion pertaining to the testing of
hypotheses for single population parameters, the next step was the pre-
sentation of the methods for testing hypotheses concerning the equality
of two population parameters. The tests for equality of means for the
normal distribution with the population standard deviations given (z~-test)
and where the population standard deviations were not given (t-test) were
the same with slight modification of one instances Where a common
variance was assumed in the t-test, the pooled variance concept was pre-
senteds The general case for this was presented in that in the later
subject of the analysis of variance; the same type of statistic would be
usede The testing of hypotheses for paired data was also presented at
this timee.

Sample exercises for the section on Tests of Hypotheses Concerning
the Means of Two Populations weres

l, If a sample of four items from a normal population with a

variance of four "has. the values of =3.3, 3.0, 1.0, and
=3.8, and a sample of four items taken from a normal popu-
lation with a variance of five has the values 5.0, 0.0,

2025 0,6, would you be justified in saying that the means
of the two populations are the same?
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2. Eight stores are randomly selected in a particular town and
found to have the following percentages of total sales
delegated to ™hard=-line" merchandise: 8.2, 7.7, 949, 6ol
10.3, 7.1, 6.9, 9.8. A sample of nine randomly selected
stores in another town of approximately equal size showed
the following percentages: 11.0, 9.1, 7.7, 8.3, 7.9, 10.k,
9.8, 11.2, 7.9, Assuming a common variance, is this evi-
dence that the two towns differ significantly in percentages
of total sales belonging to "hard-line® merchandise? Esti-
mate with 99 per cent confidence the true difference between
the mean percentages.

3. Bach of twelve pieces of cloth were divided into two equal
partse One~half was treated in a particular manner before
dyeing and the other half was untreated. The following are
percentages of shrinkage for the pieces of material:

Treated 1 1 2 3 1.5 3 1 2 1.5 1 2 3
Untreated 2 2 1 3 2 L 2 3 3 L 1 4

Is this evidence that the treatment affected the shrinkage
rate?

Since thé Chi-square distribution was used in the testing of hypo-
theses concerning the equivalence of two or more population proportions
as well as in other tests, discussion of some of the characteristics and
functions of this distribution was appropriates. Associated with this
preliminary discussion certain exercises in the empirical construction of
the distributionwere carried out. A box of poker chips, each numbered in
accordance with a normalized distribution, was used in obtaining samples
of size ne Samples of four chips were drawn until one hundred such sam=-
ples had been accumulatede One hundred samples of size two were also
drawne. The sample variance of each of the samples was computed and then
displayed as histograms for sample variances of size two and size fours.

In addition to thesey; the Chi~square distribution was used in tests
for independence of data; tests for goodness-of-fit, and tests of hypo-

the ses concerning a single variance and the estimation of the population
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The latter test was shown to be based upon the distribution

Example exercises for this section were:

1.
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A manufacturer of a certain type of casting inspects these
castings for faults by means of X-ray., Of L,000 castings
coming from production line A, 120 were rejected. Of 3500
castings coming from production line B, 130 were rejected.
Is the workmanship of production line A the same as for
production line B? '

Records of the numbers of failures in a particular subject
have been kept at two certain colleges. Out of 2,000 fresh-
men taking this course in a particular year, 10 per cent
failed in college A and 12 per cent of 2500 students failed
in college B. Can it be said that the percentage of failures
at college B is higher than at college A for this particular
course?

In eighty-one offspring of a certain cross between cattle,
eighteen were red; forty-two were roan, and twenty-one were
whites According to the genetic model of this cross, these
numbers are expected to be in the ratio of 1:2:1. Are the
data consistent with the model at the 10 per cent level?

In an opinion poll concerning a forth-coming referendum,
the individuals interviewed stated their views as follows:

For Against No Opinion
Men 950 2250 L86
Women 882 2166 724

Is this evidence that attitudes reflected in these answers
are independent of sex?

A chemist made four determinations of the melting point of
Ruthenium: 2550,95, 2551,00, 2550,50, 2550,75 degrees Centi-
grade., After evaluating the various errors contained in his
procedure; he decided that the variability in the technique
should yield a maximum variance of 0.0195. Are the data
consistent with the supposition at the 5 per cent level?

Given the following sample variances assumed drawn from a
normal universe with a common variance.

si = 35, n, = 8
SZ = L6, n, = 8
sg = 26, ny = 13
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Find the 99 per cent confidence limits for the universe variance.

" To test hypotheses concerning the equality of two population vari-
ances and equality of more than two population means, it was necessary to
develop an understanding of the F-distribution, This was done by the use
of the ratio of the x?/d.f. for one sample variance to the ¥*/d.f. for
the second sample variance., It was further explained that in cases where
tests concerning the equality of two population means were to be carried
out and the assumption of the common variance could not be made, it would
be mandatory for the F~test for equality of variamces be utilized.

.Following are fwo examples of the types of problems worked in con-
nection with this topic:

l. A sample of thirty-five items drawn from population I had

a variance of thirty, and a sample of sixty~four items drawn

from population II had a variance of twenty~five. Test the
following hypotheses:

@ -
© &3

2. In the use of certain instruments, the measure of the adequacy
of the instrument is the variability of the errors made. To
compare two types of instruments, I and II, the following data

were collected:
I: n, = 35, si = 40; IIs n, = L6, sg = 30

(a) Test the hypothesis that the variances of the errors of
I and II are the same,

(b) Find the 95 per cent confidence interval estimate for the
- ratio of the population variances.

The analysis of variamce technique for testing hypotheses concern-

ing the equality of more than two population means was introduced. It was
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pointed out to the students that certain basic assumptions were necessary
before this particular technique was applicable (i.eo, common variance
between the populations under consideration, normality of distributions,
and randomness of samples). Both the one and two classification procedures
were examinede

Examples of the types of exercises used with this topic were:
l. Following are the grade point averages of five sophomores,

four Juniors, and six seniors. Is there evidence that
the class mean averages differ significantly?

Sophomore Junior Senior
205 207 3.1
2.3 2.5 3.3
2.7 2.8 20l
302 209 2.5
206 207

205

20 Three varieties of tomatoes, A, By, and G, were treated with
six types of fertilizers (1-6). Following are the average
weights per tomato per variety and type of fertilizer:

1 2 3 Ly 5 6

A 1.0 13 069 11 1.6 1.3
B 1.5 16 1.1 1o3 1o 1.7
C 1.3 1.8 162 1.2 1.7 1.2

Is this evidence that there is a significant difference
between the varieties of tomatoes or the effects of the
types of fertilizers?

In approaching the last section studied during the period of the
course, it was felt that a review of the mathematics involved in deter-
mining the equation of a straight line from observed data would be
appropriate. With this background, discussion proceeded to the compu=

tation of the regression line for sample data. At this point the method

of least squares was considered again. This latter concept was used in
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developing the method of the produc t-moment coefficient of correlation.

Tests for hypotheses concerning (1) the slope of the regression line as

an indicator of dependency of data, (2) linearity of data, (3) rho being

equal to zero, (L) rho being some value other than zero (using the

Fisher z-transformation), and (5) confidence interval estimates for

pysx’

B, A, X, Yeg o; <° Y, and rho were included.

Where appropriate the students were asked to do the following in

the solution of exercises related to this area: (1) prepare a graph of

each exercise, (2) calculate the regression line for the data and plot

this on the graph, (3) test the hypothesis that B is zero, (L) test for

linearity of data, (5) calculate r, (6) test the hypothesis that rho is

zero. Examples of these type exercises weres

Lo

20

3o

I

Grades of ten students on an intelligence examination (X)
and their grades on a statistics examination (Y) were:

X 127 126 120 108 113 150 138 137 1Ll 135
Y 87 73 67 87 70 67 60 57 80 87

A sample of sixteen yielded a r of 0,70. Could the rho for
the population sampled be 0,782 Calculate the 99 per cent
confidence interval estimate for rho.

For a sample of twenty-four observations r was found to be
00.87. Does rho differ significantly from zero at the 1

per cent level? For the same sample, b was found to be
0.70k, Sy.x Was 00126, and the sum of the X® was 7.03. Does

B differ significantly from zero?
Is a correlation coefficient of 0,30 based on a sample of

forty-two items significant at the 5 per cent level? How
large must r be to be significant at the 1 per cent level?
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In Chapter III, lists may be found giving the titles of the
individual problems the students attacked and the methods used by them
in their statistical analyses.

The course was evaluated in two ways, one of which was to determine
the grade the student earned during the cowse, and the other for the pur-
poses of this studys In the former case, several ten minute quizzes were
given in addition to four one-hour examinations, a final examination,
homework, and the individual research project. For the purposes of this
study, the course evaluation was accomplished through the adminis=
tration of the test instrument, A Test of General Proficiency in
Elementary Statistical Inference, and the research project. The dis-

cussion of the data concerning this phase is presented in Chapter III.



CHAPTER III
PRESENTATION OF DATA AND FINDINGS

In determining the validity and reliability of the test instrument,
the techniques described by Gulliksenl were used. Table II, Item Scores,
Criterion Scores, and Total Scores For the Experimental Group on A Test
of General Proficiency in Elementary Statistical Inference, Form B, Parts
I and II, presents a breakdown by items and by student within the first
two parts of the test. Wheré the student marked the answer correctly the
figure one (1) was placed in the appropriate block and where the student
did not mark the question correctly the space is left blank, The objec-
tives stated in Chapter II were used as the criteria for the evaluation
of the results of the teste Items 1 through 15, 17, 2L, and 27 were used
to evaluate the first objective or criterion. Items 16, 18, 19, 21, 22,
25, 29, and 33 were used to evaluate the second objective or criterion.
Ttems 20, 23, 26, 28, 30, 31, 32, 3L, and 35 were used to evaluate the
fourth criterion, The third criterion was evaluated by means of the indi=-
vidual student problem projectse In Table II the value of Y., is the

i

score for the individual for the first objective; the value of Yéi is the

score for the individual for the second objective; the value of Yhi is

the score for the individual for the fourth objective; the value of T 3

is the total raw test score for the individual; the value of ‘I'i is the

L]

number of students answering the particular item correctly.

1Harold Gulliksen, Theory of Mental Tests (New York: John Wiley
and Sons, Ince, 1950), pp. 363=9L.




TAHLE IT

ITEM SCORES, CRITERION SCORES, AND TOTAL SCORES FOR
THE EXPERIMENTAL GROUP ON A TEST OF GENERAL
PROFICIENCY IN ELEMENTARY STATISTICAL

INFERENCE, FORM B, PARTS I AND IT

CRITERION TOTAL
STUDENT STATISTICS TFST ITFM NUMBER SCORE SCORE
’ f23h567¥9101112131h1516171819202’12223fb2526272'82930313?333!135!1.Iz_Ih.T.J
1 11111 11 1 11 11 1 1 1 1 1 1 10 L4 k4| 18
2 1 11 11 1 11 1 1 1 1 1 1 1 1 1 1 1 1 10 3 7| 2
3 11111111 1 1 1 1 1 1 1 1 11 1 1 1|12 5 4| 22
N 111111 11 1 1 11 1 1 1 1 1 1 1 11 1 1 1 1 1 13 1 6| 26
5 111 1 11 1 1 11 1 1 1 1 1 1 1 11 1 1 n 5 S| 21
6 1111111 1 1 1 1 1 1 1 1 1 n 2 3 16
7 1 1111111 1 1 11 1 1 1 1 1 1 1 1 n 4 s{ 2
8 11 111111 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 12 § 7| 24
9 11111111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1|12 6 S| 23
10 1 1 11111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 12 S 5| 22
n 11 1 1 1 1 1 11 1 1 1 1 1 1 1 10 2 L] 16
12 111111 1 11 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 15 4L 7] 26
13 1111111 1 1 1 11 1 1 1 1 1 1 101 1 1 1 1 n s 8| 2
1h 1111 1 1 1 11 1 1 1 1 1 1 1 110 2 s 17
15 111 1 11 11 1 1 1 1 1 1 1 1 1 1| 8 L4 6] 18
16 1111111 1 11 1 1 1 1 1 1 1 11 1 1 1 9 S5 8| 22
17 11111 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 13 7 6] 26
18 111 1 1 11 11 1 1 1 1 1 1 1 1 1 1 11 10 3 8] =a
19 11111 111 1 1 1 i1 1 1 1 1 1 1 1 1 1 1 1 1 13 6 61 25
Ty, [181616151513131312 10 10 6 5 S 4 18 18 18 17 16 14 14 1k 13 11 11 11 10 10 B8 B8 B8 7 5 L

Ui
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The formula used for test validity was

X
Zr s
_g-= 1€ 8
rxy K
2 r._s
g = 1€ &
and the formula used for test reliability was
X
Z_ s ?®
X g==178
Y SIE=-T 71" K 2
Zr s
g = 1%

where in these equations

K, is the number of items in the test,

2

sg ,is the variance of item g [i.e., s ?

= pg(l - Pg)]y

rxgsg’ the item reliability index, is the point~biserial item-=-
test correlation multiplied by the item standard
deviationy

rygsg’ the item validity index, is the point-biserial item=--
criterion correlation multiplied by the item standard

deviation.

To compute the valwes for rxgsg and for rygsg the following

formulas were used:

g 5g =

[ =
P
[y
N
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Ng N
NZ°Y, -NZ7Y
1 =118 4841

=

BLAL . -
N 2
N YP-( 2y,
=1t =1

In these equations

N,is the total number of stulents taking the test,
Ng,is the number of students answering item g correctly
g=1...K),
Xi,is the test scofe for the individual i =1 . . « N),
Yi,is the criterion score for individual i (i =1 . . . N),
Xig,is the test score for each person answering item g correctly,
Yig,is the criterion score for each person answering item g
correctlys
The value for T g Was foud to be 0,402 which was significant at
the 5 per cent level. The value for Tyy. ¥as found to be 0,498, for

1
- the value was O.L2lL, for ey the value was O.uli7. All of these were
h .

sigsificant at the 5 per cent level.

The 1948 edition of the ACE Psychological Examination for College
Freshmeh2 and the College Qualification Test, Test N, M’athematics,3 was
administered to each of the students in the experimental group. The re-

sults of these tests are given in Table III, Personal Data for Individuals

in the Experimental Group.

2American Council on Education Psychological Examination for College
Freshmen (1948 ed.; Princeton, New dJersey: Cooperative Test Division,
Educational Testing Service, 1948).

3College Qualification Test, Test N, Mathematics, Form B (New York:
Psychological Corporation, 1955-56).




TABLE ITT

PERSONAL DATA FOR INDIVIDUALS IN THE
EXPERTMENTAL GROUP

ACE PSYCHCLOGICAL EXAMINATION

Percentile College OQualification Test N
Raw Four-Year Colleges ATT Colleges Mathematics
Score Men Women Qverall| Men Women Overalll Raw Percentile

Student["Q T~ Toetal | 0 L Q L Q L I3 L & L O 1| Totall Score (Univ. of Tenn. Norm) | Age |Classification
1 |68 ob 162 |99% 9L 9% 9l 99" 96 9* 95! 991 Ly 99% 17 Junior
2 62 83 150 [97 50 98 89 98 92 99 91 96 18 99+ 17 Junior
3 59 Sk 113 {95 25 96 2L {96 30 97 28] 61 L9 99" 17 Senior
6 37 71 108 |27 6L 33 62 |31 68 37 66| 53 36 8o 17 Senior
8 W 69 117 |70 60 76 57173 64 79 62| 67 L 9k 17 Senior
9 52 58 110 |82 3k 87 32 |85 38 89 37| % L8 99 17 Senior
1L 53 67 120 |85 55 89 52 {87 59 L o91| 57 I 99 17 Senior
16 {57 8 1l |92 86 9k 85 joL 88 95 87} 92 L9 99* 17 Senior
17 50 7% 12k |76 70 82 68 {80 7h 8 72| 77 L9 95" 17 Senior
18 50 7% 126 |76 17k 82 72 |80 77 8L 75{ 79 L9 99+ 17 Senior
19 18 5 99 |70 20 76 19 (73 2L 79 23] 39 L7 99 17 Senior
L 5176 127 79 69 8L 72 82 73 87 75| 80 19 99" 16 Junior
5 |60 671 127 99 50 97 52 9t 55 98 57| 80 ) 90 17 Senior
7 52 85 137 92 8L 87 86 93 87 89 88 90 L3 92 17 Senior
10 |61 77 138 9t 71 98 7k 95t 75 98 77| 90 18 99" 17 Senior
11 59 70 129 98 57 96 60 99 62 97 6L| 82 L6 98 16 Junior
12 56 19 135 9% 75 93 77 97 78 9L 80| 88 L2 90 17 Senior
13 56 66 122 96 L8 93 0 97 53 94 55§ 7k L7 99 17 Senior
15 53 76 129 93 6L 89 &6 9L 68 91 70{ 82 16 98 17 Senior

LE
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The test instrument, A Test of General Proficiency in Elementary

Statistical Inference, was administered to the experimental group and to
the control group,; using Form A for the pre-test and Form B for the post-

test. The scores were corrected for guessing by use of the formula

W

65 =R = ———F—

where

CSyis the corrected score,

R, is the number of items in parts I and II which were marked

correctly (raw score),

Wyis the number of items in Parts I and II which were marked incorrectly,

n,is the number of choices in the item.
Table IV, Total Scores on Parts I and II of A Test of General Proficiency
in Elementary Statistical Inference for the Experimental Group, gives the
results of the tests for the experimental group and Table V, Total scores
for Parts I and II of A Test of General Proficiency in Elementary Statis-
tical Inference for the Control Group, gives the results of the tests for
the control groups The t-test for paired data was used to determine
whether or not a significant difference occurred between the scores on
the pre-test and on the post-teste The t-score for the experimental group
was 9.228 which was significant at the 0.001 level of significance. The
t-score for the control group was found to be -0.415 which was not signifi-
cant at the 0,05 level of significance.

Product-moment coefficients of correlation were obtained to deter-

mine the relationship between the Q-score on the ACE Psychological
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TABIE IV

TOTAL SCORES ON PARTS I AND II OF A TEST OF GENERAL
PROFICIENCY IN ELEMENTARY STATISTICAL INFERENCE
FOR THE EXPERIMEN TAL GROUP

Test A Test B
Student Raw Corrected “Raw Corrected
Number Scores Scores Scores Scores Difference
1 18 13.00 18 23633 1033
2 20 15.50 20 19633 3,83
3 9 1,25 21 13,08 11.83
L 5 - 3,75 26 23,42 27617
5 10 2667 21 12,92 10.25
6 11 3092 16 17.00 13.08
7 13 6,58 20 15,67 9,09
8 8 0.08 2L 20,75 20.67
9 13 6450 23 10.25 3,75
10 15 9.17 22 18.08 8691
11 10 2658 16 22,00 19.L2
12 12 5.17 26 16692 11.75
13 10 2,67 2L 11,67 9.00
1 11 1.08 17 16.75 12,67
15 11 3,83 18 20,83 17,00
16 8 0.08 22 18,25 18,17
17 12 5¢25 26 23.25 18.00
18 13 6.50 21 15.L2 7.58
19 10 2.67 25 10,25 7058
Total 21410}42
Average Difference 12,71

s 6002

d




TABLE V
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TOTAL SCORES ON PARTS I AND II OF A TEST OF GENERAL PROFICIENCY
IN ELEMENTARY STATISTICAL INFERENCE FOR THE CONTROL GROUP

Student Test A Scores Test B Scores
Number Raw Corrected Raw Corrected Difference
1 10 2.67 7 - 1,42 - L.0%
2 10 2,142 12 5625 2083
3 16 10033 9 1025 - 9008
I L - 5,25 7 - 1.25 L.00
5 13 6450 6 - 2.75 - 9,25
6 15 9,00 10 2.67 - 6633
7 15 9033 8 - 0.08 - 9.1
8 18 13,08 10 2,50 | -10,58
9 7 - 1.25 8 - 0.17 1,08
10 12 5025 11 14.00 - 1.25
11 10 2.50 11 3.92 1.L2
12 15 9.08 7 - 1.25 -10,33
13 10 2467 12 5e33 2,67
1 5 - 4,00 7 - 142 3,58
15 12 5.00 10 2658 - 242
16 11 3,67 8 - 0,08 - 3,75
17 7 - 1.h2 7 - 142 0.00
18 7 - 1.25 15 9.08 10033
19 5 - 1,08 9 - 1,17 2691
20 9 1425 11 3,92 267
21 5 - 3.92 12 5025 9.17
22 7 - 1.50 11 3.83 533
23 12 5.33 10 2058 - 2,75
2l L = 5.25 10 2650 7475
25 5 - 3.83 9 1.25 5.08
26 7 - 1,17 13 6aL2 7.59
27 9 1.33 10 2.67 1e3L
28 11 3,67 11 3083 0016
29 13 6058 9 1.25 - 5,33
30 9 1.25 L - 5,08 - 6633
31 7 - 1017 7 - 1033 - 0016
’ Total ~13,15
Average Difference - 0.2
S 50776

d
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Examination and the raw score of the individual student on the post-test,
the Q-score and the score on the College Qualification Test, the I~-score
on the ACE Psychological Examination and the raw score of the individual
student on the post-test. The values for r were found to be 0.155, 0.L9%8,
and 0.6L6, respectively. The last two of these values were found to be
significant at the 5 per cent level of significance.

To evaluate the development of the ability to utilize various
statistical techniques in the critical analysis of problems, Part III was
used with both the experimental group and with the control group. The
control group was umable to solve any of the problems in either the pre-
test or the post-test. The experimental group was unable to solve any of
the problems on the pre-tests The results of this part of the post-test
are given in Table VI, Item Scores and Total Scores For the Experimental
Group on A Test of General Proficiency in Elementary Statistical Inference,
Form B, Part III, The scores given in this table are for a total value
of forty-six points. The point values for each item were arbitrarily
assigned by setting certain check points in the solution of the problem.
These arbitrary point values for each problem are listed in the table in
parentheses under the number of the problem or item.

To evaluate the third objective or criterion as listed in Chapter
IT, each of the students selected a problem of his own choosings The
student was required to state the problem, state the hypotheses, select
the sample, gather the data, analyze the data, and draw conclusionse. The

result of the student's investigation was then presented in the form of a



TABLE VI

ITEM SCORES, AND TOTAL SCORES FOR THE EXPERIMENTAL GROUP
ON A TEST OF GENERAL PROFICIENCY IN ELEMENTARY
STATISTICAL INFERENCE, FORM B, PART III

Ttem ‘ Total
Student 36 37 30a 38b 38c 38d 38e Score
Number (2) (3) (12) (8) (9) (7) (5) (L6)
1 2 2 11 8 9 5 S L2
2 2 3 10 8 7 7 5 L2
3 2 3 8 8 9 L L 38
L 2 3 11 6 2 7 0 31
5 2 3 11 8 8 5 2 39
6 2 2 10 0 9 7 5 35
7 2 3 10 6 9 6 L Lo
8 2 3 5 L 6 5 0 25
9 2 2 11 7 9 7 L L2
10 2 2 10 8 8 5 L 39
11 2 3 11 6 7 6 3 38
12 2 3 8 0 7 6 L 30
13 2 3 8 7 8 6 3 37
1, 2 1 11 8 7 5 0 33
15 2 3 11 7 9 7 L L3
16 2 3 11 5 5 3 1 30
17 2 3 9 5 9 7 L 39
18 2 1 12 6 0 "0 0 21
19 2 3 0 0 0 0 0 [
Average 2 2,58 9.37 5.63 6.7L 5.16 2,74 3L.16
Standard

Deviation O 0,69 2,81 2,78 20,96 2614 1.93 9031




papers

L3

The following list indicates the titles of the papers submitted

by the studentse.

"Comparison of Attendance at a Certain Theater on Days of
Good Weather as Compared to Days of Bad Weather in
1957

WAn Estimation of the Number of Automobiles the Average
American Family Owns"

A Study of the Effect of Personal Bias in the Estimation
of a Person's Golf Score"

YA Study of the Relationship Between the Number of Students
and the Number of Teachers in the State Universities of
the United States"

®Children, Telephones;'Television: Related or Not Related it

®An Estimate of the Population of Knox County Based Upon A
Random Sample®

"A Study to Determine Whether or not Bearden High School has
the Same Percentage of Left~Handed People as the National
Average®

PA Study of the Probability Involved in the Game of Poker"®

*A'Statistical Study of the Relationship Between the Causes
of Death in Knox County and in the State of Tennessee for
the Year 1957%

®A Statistical Teét of the Theory That People are Affected by
the Subconscious in Their Choice of Numbers¥®

"4 Study of the Relationship Between the Preferénce and
Ownership of Colored or Conventional Telephones"

#A Study to Determine the Truthfulness of Advertisement in a
Local Grocery Store®

WDetermination of the Méan Amount of Fluid Contained in a
Particular Brand of Bottled Soft Drink®

Do Advertised Weights of Produce Lie?¥

"A Study of the Sacking Distribution of Apples®
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A Comparison Study of the Mean Number of Children Per Family
in Knoxville and the Nation"

A Study to Determine the Better Golf Course as Indicated by
Golf Scores™

A Study of the Comparison of Intelligence Scores for the
Various Classes at Bearden High School as Compared to a
National Norm"

WA Comparison of Theoretical and Empirical Probability"

In these papers the statistical procedures used by the students

and the frequency of occurrence were:

t=-test for difference between two means

t-test for a single hypothesized mean value 7
Confidence interval estimate of the true difference

between two population means 2
Test of hypothesis concerning the dependency of

variables 1
Product-moment coefficient of correlation 1
Analysis of variance 2
Chi-square test for goodness of fit 1
Test of hypothesis about single population proportion 1
Test of hypothesis about difference between two

population proportions 2
Chi=square test for equality of more than two

population proportions 2
Hypergeometric distribution 1
F-test for equality of two population variances 2
Frequency polygon L
Hi stogram 2
Ogive 1

Several examples of the problems attacked by the students are

given in Appendix C in the same manner as presented for the classe



CHAPTER IV

SUMMARY AND CONCLUSIONS

The purpose of this study was to determine the ability of apt
secondary school students to apply principles of elementary probability
and statistical inference in the analysis of data following a semester
of instruction in statistics and elementary probability.

The test hypotheses for this study were:

l. There is no significant difference between the pre-~test scores
and the post-test scores for the experimental groupe.

20 There is no significant difference between the pre-=test scores
and the post=test scores for the comtrol groupe.

3o There is no significant difference in the ability of apt
secondary school students who have completed a semester of elementary
probability and statistical inference and that of apt secondary school
students who have not received instruction in elementary probability and
statistical inference in applying the concepts and principles related to
this course, as measured by post-test scorese.

A one semester course~of=study in elementary probability and
statistical inference was developed which included discussion of's

1, The Components of a Statistical Investigation

2o Measures of Central Tendency and Variability

3. Elementary Probability

lio Discrete Distribution Functions
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Se The Normal Distribution

6. Tests of Hypotheses

7e¢ Developing the Statistical Report

A testing instrument; A Test of General Proficiency in Elementary
Statistical Inference, was developeds This test was subdivided into
three parts:

l. Selection of the appropriate method for testing stated

hypotheses or stated problemse

2o General questions concerning the principles of probability

and statistical inferences

3o Mathematical solution of statistical problems

A group of nineteen secondary‘school students were used as the
experimental group and a group of thirty-one students in a Plane
Geometry class were used as the control group. The experimental class
was composed of four juniors and fifteen seniors. The evaluative instru-
ment was administered to both the experimental and the control groups at
the beginning and the end of the period of instructione Different forms
were used for each time,

Analysis of the post-test scores for validity and reliability of
the testing instrument gave significant coefficients of correlation in both
cases, This evidence supports the belief that the instrument is both valid
and reliable,

Analysis of the data for dilferences between pre-test and post-test

scores after correction for guessing resulted in a very highly significant
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t=score for the experimental groupe The first test hypothesis was re=
Jected,

Analysis of -the data for differences between pre=test and poste
test scores after correction for guessing resulted in a non-significant
t=score for the control groupe The second test hypothesis was accepted.

Comparison of the sample mean difference scores for the two
groups indicates a significant difference between the mean score for the

control group and for the experimental groupe The third test hypothesis
was rejectede.

The results of this study support the belief that apt secondary
school students are able to apply the principles of elementary prob-
ability and statistical inference following a semester of instruction

in elementary probability and statistical inference.
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A TEST OF GENERAIL PROFICIENCY IN ELEMENTARY

STATISTICAL INFERENCE

FORM A

Part I. Indicate on the answer sheet which of the named procedures

1.

2a

3.

L

5e

6.

would be most applicable in testing the following hypo-
theses or solving the stated problem,

de t-test
b. ¥°-test
Co Analysis of Variance- “--v 7. - <0 el

de Correlation
es Regression

A significant dif ference does not exist between the average gas
mileage of four different makes of automobiles. .

The average reaction time of Reagent A is at least as great as that
of Reagent B. A4

Information was needed concerning the relationship between two
variables. )

It is desired to determine whether or not a series of samples from
a certain production line agree with a predicted distribution. Eﬁ

It is desired to estimte the sales potential of a prospective
salesman based upon his score on a personality testo =

In the following table X is milligrams of nicotine in smoke of
filter cigarettes; Y is milligrams of tar in smoke of filter
cigarettes. Is there a significant relationship between the two? ...

X Y
0.6 11.8
1,6 16.5
1.6 172
1.6 2L
1.7 2502
1.8 20,6
1.8 2208
2,0 22,L
2.3 19.L
206 20.6
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Te The variability in two classes as determined by achievement tests
is identical. # ‘

8. The coefficient of elasticity is the same for a set of springs be-
fore and after treatment with acid. -

9. The propartion of defectlve spools of yarn will be the same for
three machines.

10, Random samples of 200 parts from each of three menufacturers showed
the following numbers of defective and non-defective partss

Manufacturer Defective Parts Non=defective Parts
A 30 170
B 1L 186
c 16 18l

Is it possible that the true proportions of defective parts made by
the three manufacturers are the same?

11. Success in college may be predicted on the basis of scores on
entrance examinationse i

12, It is believed that the average cigarette consumption of the
American public is 10 cigarettes per day per person with a wvariance
of 16, A sample of 100 individuals was taken and the average ciga-
rette consumption per day per person was found to be 8 cigarettes.
Is it reasonable to suppose that this.sample represented a popu=
lation smoking a smaller number of cigarettes per day?

13 A commercial producer of alcohol runs tests on 10 two=-ounce speci-
mens of his product to determine the concentration. He finds the
average concentration to be 90 per cent with a standard deviation
of 6 per cent, Are these findings compatible with the belief that
the actual concentration is 9 per cent? ‘

1lis Frozen peaches prepared by four different methods will not vary in
~taste if four different syrup compositions are usede

15. The tensile strength of a rubber vulcanizing process shows the fol-
lowing variations with different conditions of production. Data are

-in pounds per square inch. I
Cure at 140° Accelerators
(Minutes) A B C
L0 3700 4300 3900
60 3900 L1200 L100

80 3600 L300 L,000
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Do the accelerators or cure times have different effects upon the
tensile strength of the process?

Part II. Select the most appropriate answer from the choices given

16.

17.

18.

19.

20.

and mark the corresponding letter on the answer sheete

The difference between Brown'!s scores on two statistics tests was
20 pointse The standard deviation on the first test was 15 and on
the second test 10, '

de
be
Ce

d.

Smith did better on the first test than on the second teste.
Smith did better than Brown on both tests.

Insufficient data are given for making any decision regard-

ing the relationship between Brown's scores and Smith's scores.
Brown passed both of the testse.

A graph showing the number of individuals possessing a certain
quality would be called a (an)

de
be
Ce
de

The power of a test is an expression of the probability of .}

de
be
Ce
de

histogram.

ogivee

cumulative frequency distribution.
frequency distributions.

L

rejecting a hypothesis, true or false.
rejecting a true hypothesis.
accepting a true hypothesis.
accepting a false hypothe sis.

The normal curve is a graphic demonstration of the fact that in a
population of individuals possessing a common trait,

a greater percentage tend to be alike rather than different.é?

de

be a greater percentage tend to be different rather than alike.

ce there is equal chance for any form of this trait to appeare.

de the probability of finding a deviate is lowe

Which of the following is an expression of the limits of the normal
curve?

ae = toa N

be 0 to @ "

Ce = mto O

de = @ tow
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224

23e

2l

25,

26,
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Variances are computed for two samples drawn from two sources and
are found to be equal. It may be concluded that

ae both sources have the same population variance.

be both sources may have the same population variance,
ce both populations have the same parameterse

de both populations may have the same parameterse

If the probability that any person thirty years old will be
dead within a year is p = 0s0l, the probability that no more than
one person in ten of this age will die within one year is

de 0.900

be Qs 95. )
ce O 995. ,“:"
de 06999

Which one of the following would not be normally distributed?

ae The number of physically defective children born in 100
hospitals in one year.

be The weights of fifty adult male albino ratse.

ce The typing speeds of fifty stenographerse

de The golf scores of the members of a given club in a
particular year.

If the mean I.Q. of children is approximately 100 with a standard
deviation of 16, approximately how many in 1000 will have I.Q.'s
above 1167 Assume a "bell shaped® distribution.

ae 1 30

be 1)-10 :{’“\,
Ce 150 "
de 160

Which one of the following terms would best describe the type of
sample one would get by using the table of random numbers?

as Selective
be Stratified i
Ce Biased -
de Unbiased

A z-score of O on a test would indicate which of the following con-
*ditions in describing the student's placement with respect to the

remainder of the class?

ae Below average
be Average

Ce Above average
de Superior
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28,

29

300

31.

32,

59

In the process of matching coins, a coin turns heads nine times out
of ten. The probability that the coin will turn up heads on the
tenth toss is

de 9/10.
be 7/106
Ce 5/100
de 3/20s

If a distance of 2.326 sigma is laid off on each side of the mean,
this range will include what per cent of the cases in a normal
distribution?

a. B85 per cent -
be 90 per cent 47
ce 95 per cent

" de 99 per cent

Commission of the Type II error is found when

as action is not taken when it should not be taken.
be action is not taken when it should be taken.

ce action is taken when it should not be takens

de action is taken when it should be taken,

The value appearing most frequently in a frequency distribution is
called the

as arithmetic mean.
be modes

Ce mediane

de geometric mean.

The distribution resulting from the plotting of sample variances
coming from a population having a common variance is the

a. X*=-distribution.

be hypergeometric distribution. 4
Ce normal distribution. o
de Student-t distribution.

The best protection against accepting a false hypothesis where the
mean is in reality greater than the hypothecized mean would be
given by use of

a, test Type a.
b. test Type b.

ce test Type ce
de test Type de
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33« When five coins are tossed, the probability that either two or four
heads will show is

a. 13/32.
be 1)-1/ 32. {”“
ce 15/32. -
de 16/32,

34, When sampling without replacement from a finite dichotomous popu-
’ lation of small number, which of the following distributions is
applicable?

ae Poisson distribution.
be Binomial distribution. AT
ce Normal distribution.

de Hypergeometric distribution.

35. Which of the following is an assumption basic to the use of para-
metric statistical techniques?

ae Normality of distribution.
be Independence of variablese
Ce Randomness of samples

de All of theses

D

e

Part III. Solve the following problemss

36, Before buying a batch of forty fuses a man tests three. The batch
contains four defective fuses. Write a formula for the frequency
function f (x) [where x is the number of defectives] for drawing
exactly one defective fuse in the samplee. : n

37. Assuming that boy and girl births are equally likely, the proba=-
bilities that a family of exactly three children will have no boys,
one boy, two boys, or three boys are 1/8, 3/8, 3/8, and 1/8
respectively. Observations on LOO families having three chlldren
each gave the following data:

No. of boys 0 1 2 3
Frequency 58 155 12 L5

Are theée data consistent with the theoretical distribution?

38. Twenty per cent of people contracting a certain disease do not
recovers Write a formula for the frequency function f (x) where
x is the number of persons out of 10 contracting the disease who do
not recover.

39. In making glass bottles some bottles contain "stones" (small pieces
of refractory or other non-glassy inclusions). If the average number
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of stones per bottle is 0.26, calculate the probability that a bottle
will contain at least two stones. Compute to three decimal placese.

4O, In the process of testing two new types of floating smoke pots, it
was desired to know if there was a real difference between the
average burning times of the two new types of potse The following
data were collected and each value was coded by subtracting 600 from
the original value. - oy

gzge I Type II
- 60 Sum of values for type I = =110
15 30 Sum of values for type II = 105
0 105 (Sum of values for type I)® = 12,100
" 105 (Sum of values for type II)2= ll 025
- 15 -75 Sum of squares of values for type I-=
- 30 =60 18,250
-5 75 Sum of squares of values for type II =
-105 -105 53,325
15 -30
60

Lle In a particular school district it was desired to know if there was
any relationship between the amount of space allotted for play-
grounds and the number of accidents to children. Eighteen districts
were used in the gathering of data with the following results obtained:

Proportion of open Proportion of accidents
space used for to children as percent-
District playground (x) age of all accidents (y)
1 5.0 4663
2 202 L3L
3 1.3 h2.9
h h.2 L’»2.2
5 1.}4 }40,0
6 260 38.8
7 70 3862
8 205 37k
9 L.5 3740
10 3.1 3363
11 562 33.6
12 Te2 33.6
13 6e3 30.8
1 12.2 2843
15 1L.6 23.8
16 23,6 17.8
17 1L.8 17.1
18 2745 10.8
Sum of x's = 1LL.6 (Sum of x's)2 = 20909.16
Sum of x-squares = 2153.06 (Sum of y's) = 35)382,09

Sum of y's = 5953
Sum of y-squares = 21389.61 P
Sum of xy's = 3597.80 '

Does a significant relationship exist?
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A TEST OF GENERAL PROFICIENCY IN ELEMENTARY

STATISTICAL INFERENCE

FORM B

Part I, Of the named procedures, select the one which is most applicable in
testing the following hypotheses or solving the stated problem
and mark the appropriate letter on the answer sheete.

de z-test o
b. Analy81s of Variance

Ce -test

de t test

e. Correlation

l. There is no relationship between the amount of nicotine and the
amount of tars in tobacco.

2s Intelligence does have some effect upon success in collegee

3e There is an inverse relationship between the age of a plant and the
effectiveness of certain types of nutrient materials.

Le The quality of a product is in direct ratio to the amount of time
spent in production.

Se The height in inches (coded) of three different racial groups for
samples of three each are as indicated below. Is there evidence of
stature variation among these groups?

A B ¢
2 1 L
5 2 3
3 1 2

6 A standardized test of ability to do scientific thinking has been ad-
ministered numerous times and has an average score of 80 with a
standard deviation of 10. In one group of 25 students special empha-
sis on interpretation of data, drawing inferences and other aspects
of scientific thinkinghave been stressed. In this group of 25 stu-
dents a mean of 85 was obtained. Is there reason to believe that the
special imstruction changes the results on the test?
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To Neither education nor experience has a significant effect on the
effectiveness of a salesmans,

8o The malleability of a particular metal is the same before and after

b,

the Mcuring® processeo Ty

9. Physicians indicate that one-half of the offspring of families in
which one of the parents is diabetic will be diabetic. If, in a sam-
ple of 80 children from such families, 35 are diabetic, do you accept
the physicians' claim? :

10, Diet A and Diet B have different effects on the body weights of a
specific breed of animals. B

11, Two laboratories carry out independent testsiof fat content for ice
cream by a certain manufacturer. A sample is taken from each batch,
halved, and the separate halves sent to the respective laboratories.
The results obtained on the ten batches were as follows:

Batch 1 2 3 L S 6 7 8 9 10

Lab A Te2 805 Toli 3.2 8.9 667 9ok Leb Te7 6.9
Lab B 961l 805 769 Le3 Toli 767 903 6.6 6.8 6.7

Can the differences between the analyses be attributed to chance?

12, A particular chemical does not increase the germination percentage
for seeds of a particular plant. &
13 Three microanalytical determinations of carbon in ephedrine hydro-
chloride are made by three dif ferent techniques with the following

resultss
Technique A: X = 0,00982 W
Technique B: X = 0.00676
Technique Ct X = 0,00491

The total "pooled" variance estimate is 5,138 x 1097° Is there rea-
son to believe that the three techniques are different in their results?

1. The percentage of defective parts produced in a particular department
by two dlfferent machines is the same, ;;

15, A study was made to determine whether there was any relationship be-
tween a person's educational level and his opinion as to the motivation
of conscientious objectors. A random sample of 300 individuals was
chosen., Of the 120 people who had finished college, 70 thought that
the men were cowards and the rest did not. Of the individuals who had
not finished college 50 thought that the men were not cowards and the
rest thought that they were. Does educational level have any effect upon
the person's opinion as to motivation of conscientious objectors?
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Part II. Select the most appropriate answer from the choices given and

16,

17.

18,

19.

20,

mark the corresponding letter on the answer sheete.

Which of the following is an expression of the limits of the ¥*-
distribution?

as = o toa o
be O to -
Ce = ® 1o O
de = 0 to 00

Data may be measured for goodness-of-fit to a prescribed distribution
by use of the

a. Student-~t distribution
be F=distribution
co X°-distribution

<
de Ei—%o distribution

If a distance of 2,575 standard deviations is laid off on each side
of the population mean; this range will include what per cent of the
cases in a normal distribution?

as 85 per cent
bs 90 per cent iy,
ce 95 per cent
de 99 per cent

The type II error is an expression of the probability of

ae rejecting the hypothesis, true cor false,

be rejecting a true hypothesis. .
¢. accepting a true hypothesis. =
do accepting a false hypothesise

When sampling from a normally distributed population, the probablllty is

ae low for drawing a value which is near that of the population mean.

b high for drawing a value which is not near that of the population
meane

Co the same for the drawing of all variablese.

de 1low for drawing a value from the population which is an extreme
deviateo

S
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224

23.

2l

25,

264
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If an item appears within the limits of W 3q1.50, the occurrence may
be said to be

ae. usual.

b, significante

ce highly significante.

de very highly significante

Means are computed from two samples drawn from two sources and are
found to be equal. It may be concluded that

as both sources may have the same population mean.

be both sources have the same population mean.

co both sources may have the same population parameterss
de both sources have the same population parameterse

In throwing a pair of true dice the probability of getting a seven
or eleven is

de 1/9
be 2/9
ce 3/9
de L/9

The relationship between two variables is measured by the

ae regression line.

be slope of the regression line.
ce coefficient of correlation.
de coefficient of variation,.

Commission of the Type I error is found when

ae action is taken when it should not be taken ’?3
bs action is taken when it should be taken -
ce action is not taken when it should not be taken

de action is not taken when it should be taken

The value which divides a frequency distribution into two equal
parts is called the

ae arithmetic mean.
b, median,

Ce mode.

de harmonic mean.
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28e

29,

30,

31.
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When sampling with replacement from a large population (N>100) and
the probability of the event is small (p<0.05), which of the fol-
lowing distributions is applicable?

a. Binomial

b, Poisson

co Normal

de Hypergeometric

Measurements of objects in general result in values that may be said
to be

as qualitative in nature,
be quantitative in nature. L.
Co -continuous in nature,

de discrete in nature,

The best protection against accepting a false hypothesis where the
mean is in reality less than the hypothesized mean would be given by
use of

a. test Type a. v
b, test Type be '
cs test Type ce
de test Type de

Which one of the following would not be normally distributed?

as The coefficients of correlation for 50 samples drawn from the
same sources

b The proportion of defective parts for 50 samples drawn from a
given production line,

co The F-ratios from 50 samples drawn from each of two given
populations,

de The distribution of dependent variables for a given value of the
independent variable, '

If the mean I.Q, of children is approximately 100 with a standard
deviation of 16, approximately how many in 1000 would have an I.Qe
above 1317 Assume a "bell-shaped" distribution.

ade 20
be 25
Co 30

do 35
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33.

3h0

359

Part

36.

.be 990 x 10

68

Which of the following is not an assumption basic to the use of
parametric statistical techniques?

ae Normality of distribution

be Knowledge of the population variability
ceo Independence of variables

de Randomness of sample

A z-score of 1.75 on a test would indicate which of the following
conditions in describing the student's placement with respect to
the remainder of the class?

a., Below average s
be Average G
ce Above average

de Superior

A graph showing the cumulative percentage of individuals possessing
a certain quality would be called a (an)

a. histogram.

be ogive,

ce frequency distribution.

do cumulative frequency distribution,

If the probability that any person thirty years old will be dead
within a given year is p = 0.0l1, the probability that no more than
one person in a group of 10 of this age will survive a given year
iss

as 989 x 1oj§8 %

20

Coe 991 x 10 20

de 992 x 10~

III, In the accomparnying booklet, show all of the necessary compu-
tations; indicating in all cases the assumptions being used,
hypotheses being tested, critical regions, and decision ruless.

Suppose that the number of calls a telephone operator receives from
9:00 to 9:05 follows a Poisson distribution with 4 = 3. Find the
probability that the operatzr will receive no calls in that time
interval tomorrow.
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.. 37Te Before buying a batch of sixty fuses a man tests six. The batch

contains eight defective fuses. Write a mathematical expression
for the frequency function f(x) [where x is the number of defec-
tives] for drawing exactly one defective fuse in the sample.

380, Using the data given in the accompanying tableg} show all work
involved in testing the following hypotheses or in obtaining the
desired information.*

ae There are no significant differences between scores, taking
together the four characteristics (using the composite scores)
for the different methods.of preparing fishe

bes A significant relationship does not exist between the
moisture content and aroma of the fishe

ce A significant difference does not exist between the scores
for flavor and aroma for the fishe

de A significant difference does not exist between the vari-
ability of the methods A and B.

es If the moisture content of the fish is 6.1, what is your

best point estimate of the aroma score for the fish on the
averages.

Method Used in the Study

Three lots of fish of twelve each were prepared by methods A, B,
and Ce Five experienced judges ate samples of each fish and graded each
for aroma, flavor, texture, and moisture. The average score for aroma
for the five judges was recorded as the aroma score for the particular
fishe 8imilarly averages of the judges' scores were used for flavor,
texture, and moisture. In this way individual differences between judges
were somewhat ironed out of the results, Judges were not aware of the
methods of preparing the fish and never knew which preparation was used

for any particular samplee.

lBaten, Wo Do, Tack, Pa Ia, Baeder, Helen A.; "Testing for
Differences Between Methods of Preparing Fish by Use of a Discriminant
Function,” Industrial Quality Control 14(7): 6-10.

*Assume: 1) Common ¥ariance where necessary; 2) dependency; 3) linearity
of data.



Method Composite Method Scores
A B C
Aroma Flavoer Texture Moisture Aroma TFlavor Texture Moisture Aroma Flavor Texture Moisture A B C
5.L 6.0 6.3 6.7 5.0 5.3 5.3 6.5 L.8 5.0 6.5 7. L.05 3.31 2.16
5.2 6.2 6.0 5.8 L.8 h.9 ko2 5.6 5.k 5.0 6.0 6.L 5.0k 3.39 2.26
6.1 5.9 6.0 7.0 3.9 L.o bk 5.0 L.9 5.1 Se9 6.5 3.L5 2.2l 2.7k
L.8 5.0 L.9 5.0 L.0 5.1 L.8 5.8 5.7 5.2 6.k 6.4 3.57 3.93 2.35
5.0 5.7 5.0 6.5 5.6 5. 5.1 6.2 L.2 L.6 5.3 6.3 h.23 3.37 2.h2
5.7 6.1 6.0 6.6 6.0 5.5 5.7 6.0 6.0 5.3 5.8 6.k L.23 3.21 2.61
6.0 6.0 5.8 6.0 5.2 L.8 5.4 6.0 5.1 5.2 6.2 6.5 h.18 2,35 2.72
k.0 5.0 L0 5.0 5.3 5.1 5.8 6.l L.8 L.6 5.7 5.7 h.35 2.59 2.18
5.7 5.k L.9 5.0 5.9 6.1 5.7 6.0 5.3 5.k 6.8 6.6 3.88 k.18 2.74
5.6 5.2 5.L 5.8 6.1 6.0 6.1 6.2 L6 L.b 5.7 5.6 3.02 3.93 1.93
5.8 6.1 5.2 6.L 6.2 5.7 5.9 6.0 L.5 L.0 5.0 5.9 L.56 3.3 1.32
5.3 5.9 5.8 6.0 5.1 L.9 5.3 L.8 L.L L.2 5.6 5.5 437 3.13 1.72
[N 66.5 65.3 718 53,1 67.8 63,7 70.5 59.7 °B.0 70.9 4.8 I8.93  39.36 25.02
5.38 57l Saltl 5.98 5.21 5.23 5.31 5.88 11.98 .83 .91 6.23 L0786  3.28 2.5
X33 5 393,17 360,19 I3L.9E 338,91  332.98 317,03 I17.13 100.25  287.66 LP1.77 IEB.BL | 202.6975133.879k 63.5216
2 = 2 e
(thom) 35118.76 zxAromaz = 989,98 (ZXA(C)) 239441449
2 = 2 = 2. °
(Xpp,gop)® = 3583Lb9 axy, o2 = 1320461 (2Xp(gy)* = 1549.2096
2 . 2.
(szextupe) 39960.01 Z‘xij (C) - uh-ll ( ZXC (G) ) 666.672)
(z.xmisture)"’ = L7132.11 2, (c)z = ),00.0985 (2% oma) (g s sture) = LOOBLLSL
- 2 E-3 °
X, oma 187.4 Z(xMoisture xAroma). 1135.23 gy, p0r 1008.11
2
Z.ZFlavorw 189.3 zzxij = 793,7 ZxTexture = 1123.99
- 2 -
z"xl‘lozls‘t,u.re = 217.1 E-xijz - Mh2.6§ [inJ(C) - 0.0921

7
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ANSWER SHEET FOR PARTS I AND II
Directions: Blot out completely the letter corresponding to your answer.
Example s If your choice for the answer to item 1 is "a¥, you will
blot out the "a% completely and the answer sheet will

appear as follows:

1. @ b c d e

Part I Part II

l. a b ¢ d e 16 a b ¢ d

2¢ a b ¢ d e 17. a b ¢ d

3 a b ¢ d e 18, a b ¢ d

e 2 D ¢ d e 19. a b ¢ d

5%« a b ¢ d e 20 2 b ¢ d

6 a b ¢ d e 2le a2 b ¢ d

T« a b ¢ d e 22 a b ¢ d

8. a b ¢ d e 23¢ a b ¢ d

9% a b ¢ d e 2le 2 b ¢ d

10 a b ¢ d e 25 a b ¢ d
1. a b ¢ d e 26e 2 b ¢ d
12 a b ¢ d e 2f« a b ¢ d
13, a b ¢ d4d e 28 a b ¢ d
e a2 D c d e 29. a b c¢ d
15 a b ¢ d e 30 a b ¢ d
3« a b ¢ d

32. a b ¢ 4

33, a b ¢ d

34be 2 b ¢ d

35, a b ¢ d
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h
INTRODUCTION AND STATEMENT OF QUESTION

The theory has been set forth by certain eminent psychologists
(see note below) that people, in their choice of numbers from a group
presented them, are affected not only by chance, but also by their own
subconscious thoughtse It is further stated that, given a particular
group of numbers (e.ge, the series 1, 2, 3, L, 5), a subject will tend
to shy away from the extremes (in this case, 1 and 5) and will choose
an odd number over an even onee If this is true, we should be able to
assume that in any normal, unbiased sample, the subjects will show a
tendency to choose one and five least frequently, and to choose three
most frequently, in the case mentioned above, Therefore, our gquestion
is: Does the sample we shall take give us reason to believe that this
theory is true or false? More specifically: Does the frequency of the

choice of the numbers vary significantly from number to number?

(Notes 1In spite of considerable research, the original source
of this theory has not been détennined. However, it is the theory and
not the theorist that is of greatest importance. It is thought that the

theory is related directly or indirectly to an article published in

Scientific American magazine, Vol, 199, No. 33 September, 1958. The
article, ®"The Psychology of Imagination™ written £y Frank Barron,
Research Psychologist at the University of California's Institute of
Personality Assessment and Research at Berkley; is concerned with tests

of creativeness and independence of judgment carried on at the University
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of California under the direction of Mr. Barron).

Hypothesis

The choice of numbers is affected only by chance, and being
affected only by chance, the proportion of their being chosen is the same.

Ho: P1=P2=P3=PLL=P5=p

METHODS AND PROCEDURES

To gather data, a sample of fifty people was taken. Subjects
from several different groups were chosen to assure that the data would
be unbiasede A white card, such as the one outlined below, with the
numbers 1, 2, 3, L, 5 typewritten on it was presented to each subject.
They were asked to "choose a number from this group.™ This eliminated
the use of the word ®"one® in such an expression as ®choose one of these
nunbers.® The choices of the subjects which had previous knowledge of
the expefiment or were acquainted with the theory under study were

removed from the datae

1 2 3 L4 5
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The method used to test the data under question was the xi test

for eguality of population proportions. An alpha risk of S per cent was

useds The data collected and the analysis of the data followss

PRESENTATION AND DISCUSSION OF DATA

The following data was collected in the manner described in the

previous sectione

17 /

16 /

15 //
g 1L //
@ 13 / /

a 12 / /
. 11 /7
o 10 / /
4 9 /
S
56 /S
S 5 / /S
5 L/ /4 /7 7

3/ / /7 /)

e/ / / /)

1/ 7/ /7 /7

x? TEST FOR EQUALITY OF POPULATION PROPORTIONS

Noo fo (fo-ﬁe (fo-fe)?
1 b -6 36
2 8 -2 L
3 17 7 L9
L 15 5 25
5 6 =L 16

Z = 130
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1., Is it reasonable to suppose that EE_# P, # P3 # Ph # P5 #p

£ = no. in sample  _ %? - 10

e = P % 5o, of categories

Hos = = = = =

3. a= 5%, test (b).

e Reject Hypothesis if:

X2 >x% (.95, df = L)
Xa (0953 daf = ).1) = 901188:"‘['
zﬂ G

S« Computed X 3 . (fo - fef = 13

X fe

6+ REJECT HYPOTHESIS.

Using the X* test for equality of population proportions, we can
assume, at the 5 per cent level, that there is a significant difference

in the proportions under study.

SUMMARY AND CONCLUSIONS DRAWN FROM THE DATA

Using the ¥® test, we have found that, with 95 per cent confidence,
we may say that the frequency of the choice of numbers from a group is
definitely affected by things other than chance. It is to be noted that

at the 99 per cent level our computed X? would become marginal

2 . _
*-99,d=h

cent confident that this is trues It is notable that there is a signifi~

(x = 13.277%). Therefore we may consider ourselves 99 per

cant difference between the frequencies of two and four being chosens

“Values taken from Standard Mathematical Tables, published by
the Chemical Rubber Publishing Companye
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This may be due to the very nature of the digits themselves, four being
more M"complicated" than two. However, in order to prove this, a

thoroﬁgh study would be required.

BIBLICGRAPHY®

FRANK BARRONy "Complexity-Simplicity as a Personality Dimension® in
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Abnormal and Social Psychology, Vol 51, No. 3, pages L78-L85;
November, 1955.

FRANK BARRON, "Some Personality Correlates of Independence of Judgment¥,
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* Paken in part from Scientific American, Vol. 199, No. 3,
September, 1958,
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I,

I1T.

The work here-in is the applied use of a few of the statistical
procedures learned in the past semester. It is a statistical
estimate of the population of Knox County, one of the counties
comprising East Tennessee,
The problem was to determine the population of Knox County
without making a house to house canvas,
The methods used to attack the problem are described in detail.
They ares
l. The number of dwelling units in Knox County were
obtainede
2 The number of persons per dwelling unit was
determined by taking random samples of one hundred
houses and computing the average number of occu-
pants per unite
3e After the mean number of people were computed this
number was mltiplied by the number of dwelling

units as an estimate of the populatione

81



Iv’o

The presentation and discussion of datae.

The random samples:

These numbers represent 100
randomly selected dwelling units
and the number of occupants in

eache
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82
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The presentation and discussion of data cont.

EX? = 1371
(EX)? = 112225
N = 100

EX = 335

11222
s? = 1311 :‘iﬁﬁg'"“

99

s® = 1371-1122,25.
99

s® = 28.75
=

2 = 2,3105

(4]
[

w
H

= 1,52

b
[

= 3035

60,056
3.35
300280
186168
186168
207,787.6 An estimate of Knox pop. with
sample of 100,
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IVQ Cont.
A list of formulae used to arrive at conclusion.
(Zx)?
2 ==

s2 s 2X” =1 T The formulae used to compute the
n= standard deviatione
(zx)*®

s = X% -n The formulae used to compute the

V n- 1 variancee

The formulae used to compute the

X
n
mean,

X =

Ve The difference in this data may be attributed to several factorse.
These ares

le Size of sample
2o Information is from 1950 census

3¢ Inaccuracy of calculations

BIBLIOGRAPHY

1. Fundamental Statistics for Business and Economics, Neter and
Wasserman, 1954, page 3L8e
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1,

Ruiz Number One

Code the following data and compute the mean, variance, and standard
deviation: 99999, 994990, 994997, 99.999, 100,000, 99,997«

Each of ten values was reduced by subtsacting 06999 and the resulting
differences were each multiplied by 10°. The sum of the coded values
was 6. The sum of the squared deviations from the sample mean was
260l What are the mean, variance, and standard deviation for the
sample in terms of the original data?

Quiz Number Two

A box contains 5 white balls and L black balls. If the balls are
drawn one at a time from the box without replacement, what is the
probability that the balls will alternate in color?

If you are to draw 5 balls from the box in problem one, what is the
probability that there will be 3 white and 2 black balls in the

sample?

If you are asked to choose a number between 1 and 15, what is the
chance that it is a multiple of 3 or L?%

Quiz Number Three

A student taking a true-false test consisting of 10 questions guesses
at the answerses Assuming his probability of guessing correctly to be
one-half on each question, find the probability that his answers will
all be correcte

Using the Poisson approximation of the binomial, what is the oroba-
bility that a student will answer two of the questions correctly?

Quiz Number Four

What is the probability that a value of X drawn from an inite and
continuous population having g = 8 and c =

a. will be at least 6% be will be at most 97
Ce - Will be between 7 and 107
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A supplier of a type of metallic strip guarantees that not more than
thirteen strips in 10,000 will be narrower than one inch with a

standard deviation of 0.06 inchese A sample of 49 strips is subjected

to measurement and found to have an average width of 1l.15 inches.
Using a 0.0l level of significance, is the supplier meeting his guar-
antee? Set up the 98 per cent confidence interval estimate of the
true mean. What size sample would be necessary if it is desired with
98 per cent confidence that the sample mean be at most 0,002 inches
from the true mean?

Quiz Nurber Five

It has been asserted by some that the true proportion of people of
race X having blood type O is 0.50. A person types 1000 people of
this race and finds that SLO have type O bloode At the 5 per cent
level of significance, is the assertion compatible with this data?

Over a given test run, 6 cars of a particular make and model had an
average gas mileage of 12 miles/gallon, with a standard deviation
of 2,12 miles/gallon. At the 1 per cent level of significance on a
gymmetrical test, is this consistent with advertising claims that
the average gas mileage for this model and mske of car is 1l miles/
gallon? Set up the 95 per cent confidence interval estimate of the
true mean gas mileage for the carss

Quiz Number Six

In a diet experiment using a certain type of animal, eleven animals
were given Diet A and eleven were given Diet B, Those fed Diet A
gained 13.5 ounces on the average with a standard deviation of U
ounces while the average weight gain for the animals receiving Diet
B was 11 ounces with a variance of S ounces®s Is it likely at the
1l per cent level of significance that the diet has a real effect on
weight gain? Assume a common variancee

At the 5 per cent level of significance could you say that the true
variance of those animals fed Diet A was L.5 ounces?
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Quiz Number Seven

l. Two groups of people (I and II) were interviewed with respect to a
certain problems The following table gives the results of the poll.

No Yes Total
Group I 86 50 T 100

Group II 70 130 200

Total 120 180 300
Are the two classifications independent at the 5 per cent level of
significance?

2, Froma 6 x 3 contingency table a ¥® value of 9.30 was computed and
the experimenter concluded that the result was significante Do you
agree?

Quiz Number Eight

le In tossing pennies 32 times the following results were obtained:

No. Heads Frequency
) 2

10
10
L
6

Do these results differ significantly from those expected on the basis
of randomness in the tossing?

Fwho O

2o From a sample of 17 observations with a mean of 30 and standard devi-
ation of 2, compute the 90 per cent confidence interval estimate for
the true population variances

Quiz Number Nine

A company wishes to know whether practice in a certain sorting operation
increases the quality of performances Three groups of operators each are
testede Each group performed the operation for 3L minutes. The rest in-
tervals between trials were 8, 2, and O minutes for Groups A, B, and C,
respectively, and the numbers of trials for each group in the same order were
S5, 11, and 29, Numbers of correct classifications for each operator upon
test follows:

A B C
52 ST S
55 52 53
53 51 52

Code your data around 52, Is there any evidence at the 5 per cent level
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of significance that the amount of practice in this operation has a real
effect on performance quality?

Quiz Number Ten

In testing filter cigarettes for nicotine (X) and tars (Y), the
following values were obtained for 10 cigarettes: IX = 17.6, IX® = 33,46,
IY = 200.6, ZY¥? = 4169.86, ZXY = 363.50. Does a significant relationship
exist between the two factors? What tar level would you estimate from a
nicotine level of 1l.67
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First Hour Examination

The following sample values have been coded by subtgacting 0.91356
from each and then multiplying the difference by 10°, Compute the
mean, variance, and standard deviation for these values: 2, =L, 6,

33 '5, "9’ ?9 8, 6, 90

In a class of 12 students, five are boys and the remainder girls.
If two students are selected to represent the class on Honors Day,
what are the odds against their both being girls?

In a class election there are two partieses dJohn is nominated by one
party and the probability that he will be elected is 3/k provided
William is not nominated by the opposition. The probability that
William will be nominated is 1/3 and the probability that he will be
elected if nominated is 2/3. What is the probability that John will
be elected?

Drawings are made by simple random selection without replacement
from an ordinary deck of playing cardse In 10 drawings, what is the
probability of drawing at most 9 red cards?

Second Hour Examination

An experiment is performed as follows: A cuts a well-shuffled deck
of playing cards and observes the color of the cut carde As A cuts
the deck each time B tried to read his mind and writes down red or
blacke If B has no talent and is guessing, what is the probability
that in 10 such trials he will call 8 correctly?

Work this same problem by use of the Poisson approximation to the
binomiale.

A shipment of electrical switches is packed in boxes of 100 eacho. A

box is inspected by examining 20 switches and rejecting the box if any

of the 20 are defective. What is the probability of rejecting a box
containing 3 defectives if there are 8 defectives in the lot? The
switches are tested one at a time.

If you have two nickles and two dimes in each pocket, what is the
probability that:

ae drawing one coin at randomy, it will be a dime?
bs after selecting a pocket at random, two coins drawn at random
will not be alike?

Given a normal universe with § = 0,25, o® = 0,00L9. If a single value
of X is drawn at random, what is the chance that:
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ae it will differ from the mean by at least 0,107

be it will lie within 0,12 units of the mean?

Ce the mean of a sample of size 25 will lie 0.0273 units or more
above the mean?

Third Hour Examination

It is believed that the average cigarette consumption of the American
public is eight cigarettes per individual with a standard deviation of
fours A sample of 100 individuals was taken and the average cigarette
consumption was found to be seven per persone What would you conclude
about the basic assumption with respect to the average cigarette con=
sumption?

Compute the 99 per cent confidence interval estimate of the true mean
for the above problem.

What size sample would be required if the obtained sample mean is to
be at most 0.5 units from the true mean for this problem?

A commercial producer of alcohol runs tests on ten two-ounce specimens
of his product to determine the concentration. He knows from past
experience that his process has a variance of 36 per cent. As a re~
sult of his test, the average concentration is found to be 90 per
cente Is this average consistent with minimum government specifi=~
cations of 9L per cent concentration?

A z-score of O on a test would indicate what in describing a student's
placement with respect to the rest of the class on a given exami~
nation?

Fourth Hour Examination

The drained weights in ounces of a random sample of 12 cans of a type
of fruit ares

12,1, 11.9, 124, 1203, 11.9, 1241, 1244, 1201, 11.9, 1264, 12.3, 12.0.

Assuming that this sample is representative of the production process,
would you say that the advertised minimum average weight was 12 ounces?
Use the 1 per cent level of significance for your teste
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Suppose in reality the sample mentioned in problem 1 was drawn from

a population with a true mean of 11.5 ounces instead of the hypo-
thesized 12 ounces., Assume that the population standard deviation is
0e22Le Under the three types of tests, what would be the probabilities
of committing the Type II error?

What size sample would be appropriate for this canning operation test
if it was desired that the probability of rejecting the hypothesis

be just 0,90 if it is false and the probability of accepting the true
hypothesis to be just 0.95 while discriminating between the hypothe-
sized mean and any alternate mean at least 0.5 ounces different?

as Experience shows that 20 per cent of a certain kind of seed
germinatee Would you have reason to complain if only twenty-
five seeds out of a packet of 200 germinate?

be. Compute the 99 per cent confidence interval estimate of the
true population proportion for the sample given in lL-ae

In an experiment to determine the effect of a certain chemical on a type
of nerve cell, nine experimental animals were used and nine control
animals were usedes Before proceeding with the experiment it was
desired to know whether or not the location of the cell bodies in
the spinal cord would affect the concentration of the test chemical,
The control animals were sacrificed and the amount of the test
chemical measured in samples taken from each half of the spinal cord
for each animal., On the average the samples indicated that the
right half contained l.13 milligrams less than the left half with a
standard deviation of 3.1h, Is it a fair statement to say that the
average difference in the chemical content between the left and
right halves in the control animals is zero?
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