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CHAPTER I 

INTRODUCTION 

During the past d ecade a revival of interest in the curriculum of 

the secondacy school has b een exhibited by mathematicians and members of 

various mathematical associations. As a res ult of this interest, th e  

mathemtics program a ppears to be undergoing a process o f  redesigning. 

With increasing interaction of the disciplines, including mathemtics an d 

science, the traditional mathematics program is being studied in an 
J? 

attempt to bring it more into line with c urrent demands. With the ad.v:ent 

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 developi ng the 

facility to analyze data collected in an experinental situation and to 

draw conc lusions about the populations from which samples were d rawn. 

This is the province of s tatistical inference and the associated aspects 

of probability. 

Statistical procedures are applied in many instances in education, 

in business, in the social sciences, an d in the natural s ciences. Mathe-

matical analysis of data rather than a rational analysis of 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 accept able qualit y  at 

a minimum cost. Control of tr� mass production process is necessary. These 

are some of the problems of the quality control statistician. 
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The citizen buys insuranc e as a protection against the probability 

that his property will be damaged or destroyedo 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� eco nomics, and the interaction of c ommon 

factors. The psychologist in a study of the individual, his aptitudes, 

intelligence, and personality makes use of statistical procedures t o  in-

terpret data., 
/��.-

While it .4:8 not
11 

the intention of the secondary school to pro duce 

"finishedlt statisticians, an introductory course may serve as an indi-

cator of the possibilities of this field of s tudy., 

Statement of the Problem 

The purpose of this s tud;y was to determine tne ability of apt 

secondary school students to ap ply principles of elementary probability 

and statistical in ference in the an alysis of data following a sen:ester 

of instruction in statistics and elementary probability., 

Importance of tbe Study 

The importance of this study is! 

1. 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 stuqy should be attempted in light of experimental data 

where practicalo 

2e Before interjecting new subject matter into the curriculum, 

some knowledge of the limits of acheivement for apt secondary school stu­

dents is necessaryo Knowledge of these limits serves as a more reasonable 

basis for selection of level of contento 

3o The us e of statistical procedures9 as a tool comparable to 

other mathematical processes� may open a reas fo r investigation that would 

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

Assumptions 

Assumptions basic to this study arez 

le The application of the principles of statistical inference is 

important in the process of utilizing the scientific method in the 

solution of problemso 

2o Statistics is appropriate in that it serves as an informative 

type of course� and an introdu cto� experience in an area which may con� 

ceivably become a field of further specialization. 

This study is limited to data ob tained from the sample group of 

tho se students enrolled in a class ln advanced mathematics at Bearden 

High School9 Knox CountyJ Tennesseeo This group was composed of four 

juniors and fifteen seniors. 
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The co ntrol group was c ompos ed of student s enrolled in a Plane 

Geomtry class at Bearden High School9 Knox County.ll Tennessee. 

The study is further limited to a determination of the ability of 

apt secondary school students to apply the pri nciples of s tatistical 

inference ani probability in the analysis of data., 

v / Related Studies 

As early as 19203 reference may be found relating to the teaching 
1 of statisti cs in t he secondary sch oolo One of the s tudies of this 

early period in ma thematics education was that of the Mathematical 

Association of America in 1923 .. 2 In these studiesj th e suggested organi-

zation of the statistical instruction was restricted to that of 

descriptive statistics with the additional concepts of central tendency 

and variabili.ty. 

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 thatg 

1
Truman L., Kelley, "Elementary Statistics in High School as a 

Socializing Agency,n School and Society» 11�228-30, February.ll 1920., 
2The Mathematics Association of America� The Reorganization of 

Mathematics in Secondary Educati on.. Part lo A Report of the National 
Committee on Mathematical Requirements (Cambridge9 Massachusetts: The 
Riverside Press, 1927) .. 

3commission of the Secondary School Curriculum of the Progressive 
Education Association, Mathematics in General Education: Report of the 
Committee on the Function of Mathematics in General Education (New York: 
D .. Appleton=Century Company.ll Inco� 1940)., 



• • • the emphasis has been largely upon o o o computational 
aspectso The interpretation of statistics and discussion of 
the relative advantages and �sadvantages of various measures 
has been seriously negle cted .. 

The writers of th is report at first emphasized the nature of 

statistical procedure from purely a descriptive v iewpoint3 but later 

introduced the idea that certain inferential procedures are imperative 

in the process of analyzing data and solving problems o 

In more recent yearsJ 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 sch ool rna thematics curriculum.. The 

National Council presented their collective thoughts in the Twen�-

5 

Third Yearbook of the National Council of Teachers of Mathematicso This 

publication,\) among othe r topic s9 presents a discussion of the v arious 

concepts of probability which might be included in a secondary mathe­

matics program} The Mathematics Commission has published a book 

containing what is described as an experimental course in elementary 

probability and statistical inferenceo
6 

4Ibid.9 pp .. 121�22o 
5

Herbert Robbins.? ftChapter XI.9 The Theory of Probability9n Twenty­
Third Yearbook, Insights into MOdern Mathematics (Washington» D., Co g 
The National Council of Teachers of Mathematics� 1957)9 ppo 336�371., 

6
commission on Mathematics� College Entrance Examination Board9 

Introductory Probabilit and Statistical Inference for Seconda Schools9 
An Experimental Course Preliminary edition; New York: College Entrance 
Examination Board� 1957)., 
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Beberman7 and orrToole8 presented doctoral s tudies in 1952 relating 

to statistics in the secondary school programo Beberrnan1s study is 

centered around j ustifying the incl usion of statistics in the secondary 

school program.. The general concensus of the tl:esis with respect to this 

is that education has t wo responsibilities resulting from demands o f  

society.. The first of these demands relates to the need for trained 

statistici ans for industryo It is recognized that the responsibility for 

producing these trained people rests not with the secondary school as 

such but r ather th e  secondary school is assigned the responsibility of 

creating an a ppreciati on and an awaren ess of the role of statistics.. By 

doing this the schools may indirectly serve the purpose of awakening the 

interest of capable students and cal ling their attention to the voca-

tional possibilities of statistics8 The second function delegated to 

the secondary school that of developing a certain proficiency in sta= 

tisticso The statement is mde that before society c an make full use of 

statisticsc9 it is necessary that statistically literate people be 

developed., 

Beberman statee' that the only reason for the inclusion of any 

7Max Beberman,9 ttThe Teaching of Statistics in Secondary School 
Mathematics" (Unpublished Ed.,D., Project Repor t., Advanced School of 
Education.9 Teachers College2 Columbia UniversityD Februaryll 1953)o 

8Alphonsus Lawrence orrToole8 "Statistics in the Secondary=School 
Curriculum• (Unpublished Ed.,Do Thesis9 The Graduate School of Education) 
Harvard University� 1952)o 
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subject matter into the cur riculum is that the a dded material will better 
;r�t�-'�1 

enable the school to fulfill its function in a democratic society. He ' 
,tl,r;,,,,, If,).(< 

apparently basee ltl;.e subject matter c ontent upon the findings of lia.s sur -

vey of secondary school mat hematics texts and othe r rna terials appear ing 
I 
� !' ' ,�; _., 

to be significant to 11imo c/�r 

Beberman further ident ifies in his work the areas of statistics to 

which he feels the secondary school should give attention. The areas are 

I 
l. the collection of data 

2. the descripti on of data 

3o the interpretation of data 

0 1Toole 1 s major contribution in his study is the detailed outline 

for a proposed course in statistics for the secondary school mathematics 

program.. The recommendation was made that th is rna terial be placed in 

the eleventh and twelfth grades a nd be substituted for the conventional 

algebra. onToole 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 g roupo 

The body of subject matter formulated by QUToole and suggested for 

the statistic s program i ncludedg 

lo The Components of a Statistical Investigation 

2. Measures of Cent ral Tendency and Varia bility 

3.. Sampling and Elementary Experi:nent al Design 

4., Elementary Probability-

5. Discrete and Continuous Distributions 



/ 6. Tests of Hypotheses 

a. Student=t distribution 
bo Chi=square distributi on 
c., Analysis of Va.rianc e 
d., Correlation and Regression 

7o The Preparation of Statistical Reports 

8 

O'Toole justifies his course and its content on the basis that it 

will aid the student in being better able to solve social problems. 

Of the units which have been taught and reported� Olander9 gives 

a complete report of the content of his course. Th e  mjor weakness of 

this repor t  is that relating to the evaluation procedure., Four questions 

were asked. "Why should sta tistics be taught?" "What should be included 

in a course in statistics for secondary school students?" "How should a 

course in statistics f or secondary school students be conducted?lt "Where 

should statistics be placed in the curriculum?" Olander answers these 

questions by describing his own work., In so doing some important obser= 

vations are made. 

In a nswering the first of these questions ="· "Why should statistics 

be taught ?It == 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 

statistics� 

,/ 1., Understanding the role of :mathematics and probability in 

statistical reasoning. 

9
c1arence Eo Olander» "Lets Teach Statistics»" The Mathematics 

TeacherS! 51�253,.:609 ,April, 1958. 



2e Understanding the types of problems in society that can be 

solved statisticallyo 

3o Understanding the basic statistical techniques9 concepts, 

and metho dso:t 

9 

4o Ability to define a problem"� d esignj and carry out the p roper 

statistical analysis necessary to draw valid conclusionso 

So Appreciation of the limitations of statistical inference and 

an understanding of t he generalizing ability o f  experiment al evid61.ce., 

In answer to the question of placement of statistics in the 

curriculum, Oland er indicates that statistics may be developed a s  an 

academic subject throughout th e entire school program both on the elemen­

tary an d  secondary levelso If it is not to be taught in this manner then 

it is recommended that the most l ogical place for its inclusion in the 

program would be w ithin the area of mathemat ic so
' 

It w as proposed tha t 

this inclusion could be accomplis hed in one of two waysg 

l'o Be made into a grades 7-12 sequence.9 or 

· 2e Be a one semester course in mathematical statistics replacing 

a semester of convent ional mathematicso 

In discussing what should be included in a course in statis tics 

for secondary sch ool stud61.t s9 the connnent is mde tha t throughout a 

course of this nature9 it should be remembered that mathematics i s  assum­

ing the role of an applied science. In most instances a distinction is 

made between descriptive and inferential statisticso It w as proposed that 

the descriptive techniques be used as a means for carrying out statistical 

inferenceo The fo llowing activitie s were suggested as being worthy of 
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accomplishment g 

1. Develop a feeling for the nature of statistics 

a. Discuss various aspects of statistical reasoning as 

applied to an introduo tory problem to include the 

identification of a problem, obtaining the sample, 

stating the hypothesis� and procedures used in testirg 

the hypothesise 

b. Introductio n  to sampling techniques. 

2. Study probability 

Incl ude the study of permutations, co mbinations, binomial 
I 

theorem� probability th eorems, empirical prob ability, and 

probabili� distributi ons. 

3. Develop an understanding of statistical reasoning to include 

ae the logical role of statistics. 

b. the limitations of statistics • 

c. the comparison o f  kinds o f  reasoning. 

In considering how a course in statistics should be co nducted$ 

emphasis is placed on the fact th at the objective of such a course in 

statistics is not w train research statisticians but to give students 

some impressions of statistical reasoning and kinds of proolems tha t can 

be solved through sta tis tical reasonin g with the associa ted limitati ons. 

The approach must allow students to devel op an understanding 
of the statistical matho ds under consideration. The fact that 
a student can perform rmthematical techniques, indicates very 
little as to understanding. Furthermore, a knowledge of the 
steps involved in testing a hypothesis doe s not guarantee that 
the student has a fundamental knowledge concerning th e  acts of 
inference. Often times the blind mechanical use of vari ous 



formulas seems t o  add to the general confusiono The interpre­
tation of statistical reasoning can be understood most e asily 
if the general problem is first studi�8 from its logical, 
rather than its mathematical aspectso 

Briefly Olander approaches the question of organi�ation of the 

11 

course by s aying, the class instruction should start with some idea of the 

meaning of statistical reasoningo The student should understand that 

statistical reasoning begins with a clear concise statement of the problem 

and ends with proba bility statements concerning the hypothesis formulated 

from the problemo 

It was then suggested that a study of pr obability follow th e  intra-

ductory sessions on statistic al reasoningo Within this can come an 

understanding of discrete and continuous variableso The binomial theorem 

and distribution should then be explored and the normal distributi on may 

be introduced showing its relationship to the binomialo 

With the developed understanding of these s ampling distributions, 

the stud. en t would then have a good background for testing stat is tical 

hypotheses and th e  functional application of the pri nciples of statistical 

inferenceo 

It sh ould be noted that in these reportsj there is no mention at 

any place of an attempt to e valuate objectively the effectiveness of the 

proposed courseo 

Hypotheses 

T he test hypotheses in this investigat ion areg 

lc There is no significant difference between the pre-test 
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scores and the post=test scores for the experimental groupo 

2.. There is no significant difference between the pre�test scores 

and the post=test scor es for the co ntrol group .. 

3.. There is no significant difference in the ability o f  apt 

secondary school students wh o have completed a sern ster in elementary 

probabili w an d s tatistical inferenc e and that of apt secoi).dary school 

students who have not received ins truction in elementary probability and 

statistical in ference in applying the concepts and principles related to 

this course.ll as m easured by post-test scores,. 

Methods o f  Procedure arrl Sources of Data 

In pursuing the problem basic to this study certain sub=problems 

were encoun tered which served as g uides in detennining the methods of 

procedure and the methods of co llecting and evaluating datao 

lo A semester course of study in elementary probability an d 

statistical inference applic able to secondary school student s was devel� 

oped .. 

In the process of fo rmulating the body of subje ct ITI9.tter to be 

included in the course of studyil members of the staff of the Statistics 

Department of the College of Business Administration were consulted and 

their recommendations were c ollected� A second source of guidanc e for 

the selection of t his material was t he literature relating to elementary 

statisticso Numerous articles have been published suggesting various 

topics considered by the r espective authors to be importantG A th ird 
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source of information was several of the standard texts in elementary 

statistics.. The var ious general and specific topics collected from these 

sources were tabulated and from this basic outline the organiJI'ation of the 

course was determined., Concurrent with the determination of the body of 

subject matter to be includedil was the selection of the instructional pro­

cedure., In teaching these classes� the lecture method of presentation was 

relied upon primarily.. Where possible9 exercises such as sampling from 

particular populations� drawing graphs from these data9 and determining 

the relationship between variances for distributions of sample means of 

various size samples were utilized., In addition9 considerable emphasis 

was given to the solving of exercises., 

2.. An adequate testing instrument which would measure th e  ability 

of selected secondary school students to apply the principles of elementary 

probability and statistical inference in the analysis of data was developed., 

This instrument was developed in the light of the objectives of 

the course., 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 jury used in the formulation of the subject natter and 

also to the Head of the Tennessee State Testing Programo Two forms of the 

evaluative instrument were developed., Form A (Appendi x 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 instruction., 

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

mission was secured from the responsible persons for carrying out the study .. 



The gro up used in this study was enrolled in an experimental class 

in Bearden High School, Knox County, Tennessee.; This group was a pilot 

study group fo r the county system where various topics in advanced 

mathematics beyond the usual secondary school mathematics content were 

being examined., Four of the members of  th e class had completed two years 

of secondary school mathematics while the rema inder.had completed three 

years of work., All of these students were taking a second course in 

mathematics in addition to the experiment al co urseo 

In securing permission for the course involved in this study, it 

was necessary to receive the permission of the resident mathematics 

teacher$ principal,!) superintend ent, supervisor o f  instruction for the 

county 9 and the State Board of Education., A proposed co urse of study 

was submitted to each of these elements in turn .. 

This permission was sought ur:rler the ruling given in the State 

Department of Education1s bulletin whic h  is as f ollowss 

This requirenant does not prohibit local school systems 
from offering instruction in additional areas.'l or in ad­
ditional courses� provid ed that courses of study are 

11 submitted to the State Board of Education for approvalo 

Furthermore 9 the proposal was in line with one of' the Tennessee 

State Department of' Education's •Basic Beliefs Underlying a Program of 

11
Tennessee State Board of Education, 1957-59 Rules, Regulations, 

and Minimum Standards of' the Tennessee State Board of Education (NaSh­
ville, Tennessee: State of  Tennessee, 195 7) , p .. 45o 



Public Instruction, If vizoj fiBelief in the Methods of Experimentation and 

Research.
12 

Organization of the Study 

Chapter I contains the statement of the prob lem9 the importance of 

the study, the basic assumpti.ons.ll the limitations of the study, th e  review 

of the related literature, the hypotheses, the methods of procedure and 

sources of data9 and the organization of the studyo The statement of the 

objectives of the course taught to the students, a description of the 

course in statistics and probabili� taught to the studen ts, and a state-

ment of the methods of evaluating the course are stated in Chapter IIo 

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 studyo Chapter IV contains a summary of the study and th e con-

elusions reached as a result of the investigationo 

12
tetter from R. R. Vance, Directorj Instructional Adminis­

tration, Department of Education, State of Tennessee.9 to Co Mo 
Bridges, Jr., dated July 16, 1958. 



CHAPTER II 

DESCRIPTION OF '!HE COURSE 

In developing any course of stuqy» it is important that the objec­

tives of the course be determined and used the reafter as a basis for the 

selection of subject matter, methodology, and evaluative techniqueso 

In developing the objectives for this course� it was necessary to 

keep in m ind that th e  primary concern of the co urse was not to develop 

research statisticians� but rather the development of a basic understand­

ing of s tatistical reasoning arrl certain computational skills by the 

studentso As was stated in Chapter I9 the re 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 prob ability in the solution of problems invol­

ving the analysis o f  data. In suggesting the possible addition of 

statistical inference and probability to the mathematics curriculum of 

the secondar,r school, the major objective for some seems to be the 

developrrent of the ability to analyze datao With the increasing impor­

tance of t he scientific method in the program of the students9 some 

attention to the place of statistics may become necessary.. The major 

purpose in the addition of a c ourse of this type would b e  to en able the 

student to better analyze problems.. 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 th e  use of statistical 
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procedures. 

2. The student may develop an understanding of some basic statis­

tical techniques, concepts a:nd Ill3th odso 

3o The s tudent 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. 

4.  The student nia.y develop an appreciation of the limitations of 

statistical inference and an understanding of the limits within which 

generalizations may be  made from exper i!ll3ntal data. 

The understanding sought in th e first obj ective would be developed 

throughout the period of the cour se. .As each of the various statistical 

techniqre s was developed, examples of the type s of p roblems where the 

specific technique was applicable was given. 

The second ob jective was achieved throu@-1 the study of a body of 

subject matter in elementary probability and stati stical inference. 

Table I.ll TiilE Schedule for the Presentation of the .Areas of Subj ect 

Matter, present s the n:ajor subject n:a tter areas and the amount of time 

spent on each. 

Components of a Stati stical Investigation 

The first s even hours of the course were spent discussing the 

various components of a s tatistical investigation.. Covered in this dis­

cussion were such topics as continuous, di screte, qualitative, and 

quantitative variables .9 population, sample, type s of descriptive techniques 



TABLE I 

TIME SCH EDULE FOR THE PRESENTATION 
OF THE AREAS OF SUBJECT MATTER 

Area 

I. The Components of a Statistical 
Investigation 

IIe Measures of Cent ral Tendency and 
Variability 

lii. Elementar,y Probability 

IVa Discrete Distribution Functions 

Vo The Normal Distribution 

VI� Tests of Hypotheses 

Time in Hours 

7 

7 

10 

12 

1 

30 

VIIo Developing the Sta tistical Repor t 5 

Total 80 

18 
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including histograms, frequency polygons� cumulative frequency polygons, 

and ogive so Distinction was made between a c ontinuous distribution and 

a discrete distribution. 

Measure s of Central Tendency and Variability 

The second major area was the measures of c entral tendency and 

variability. In discussing the measures of central tendency-- mean, 

median, mo de -= these factors were presented a s  one means of locating 

a di stribution within the continuum of the number system. The measures 

of variability -- variance and s tandard deviation -- were approached 

through the use of the least s quares technique.. The discussion of thi s  

material was limited primarily b y  the mathematical background of the 

students in the classj notably the lack of the calculus. These were 

pre sented as further ways o f  describing a distributi on of variables. 

Exercise sheets were given t o  each of the students. Following are 

some example s of th e  type s of exercises the student s were asked to doo 

The students were a ske d to c ompute the mean!l range� median (where pos­

sible) , mode (where possibl.e ) .P variance9 and s tandard deviation. 

'Where appropriate.\) the s tudent s were instructed to c ode the data 

for ease in computation. 
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Elementary Probability 

Before proceeding to any of the types of f requency distributions, 

it was thought necessa� to present some of the fu ndamentals of elementary 

probabili�. Within this area the following concepts were developed: 

lo The p robability of the occurrence of a single event 

2. The idea of sample space 

3. The addition rule 

4� The multiplication rule 

5o Combinations 

6 .. Permutations 

These ideas were given an empirical basis up to the extent that dice9 

coins9 playing cards� and other such items were used as sources of data .. 

Along with the discussion, the students were asked to wor k certain 

exercises such as th e following:l: 

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

2. One bag contains two whHe beads.9 three yellow beads, 
.four red beads9 and five blue beadso Anothe r bag con­
tains five white beads.!' four yellow beads� three red 
beads:� and two b 1 ue beads o One bead is drawn at random 
from each bag.. What is the probability that both will 
be of the same color? 

3o An unbiased coin is tossed 200 timeso What is the stan� 
dard deviation for the distributi on of values? 

4. A group of people started out on a trip by boato Three 
of the group did not r8ach the destirJ.a tion., The remain� 
ing members of the group returned b y  airplaneo Four of 
the group stopped at destinations along the return route .. 
What is the probability that a given pe rson in the group 
did not comple te the trip? 



5o A certain game of ch ance has 200j000 tickets numbered 
serially and priced a t  five dollars eacho Two tickets 
chosen at random will pay $153000 each to their pur= 
chaser., What is a purchaser�s expectation of value 
from a single ticket! 

Discrete Distribut ion Functions 

Following this discussion of so me of the simpler forms of prob-

ability� the d iscrete distribution functions == binomial� Poisson9 

hypergeometric �= were discussedc The conditions under which each of 

these functions was applicable were pointed out., Also it w as pointed 
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out to the students that the binomial distribution is the basic d:istri-

bution and that the other two discrete distributions were approximations 

of this function., Representative examples of the types of exercises 

worked by the s tudents during this period were� 

Binomial Distribution 

lo A distributor of seeds determined over a period of years 
of testing that 3 per cen t of his seeds will not germi­
nateo He sells the s eeds in packages of 150 seeds and 
guarantees 95 per cent germinationo What is the proba= 
bilit,y that a given package will not meet the guarantee? 

2., If a true coin is tossed ten times.., what is the prob�­
bilit y of getting at most eight heads2 

Poisson Distribution 

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

2.. An insurance cumpany finds that the probability of a certain 
aged person dying during a given y ear is Oo0002 from a 
specific diseaseo What is the probability that two o ut of 



100,000 insured risks of this age will die of the disease 
during the year? 

Hypergeometric Distribution 
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1. A grocer knows that in a particular lot of 500 apples there 
are twenty-five bad ones., What is the probabili ty that a 
sample of twenty apples will contain three o f  the bad apples? 

2..  I f  any bad apples are found in th e  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 o f  sample means were 

treated., The students were asked to c arry out certain exercises r elated 

to the determining of the probabili� of the occurrence of a range of 

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

Examples of the se exercises were� 

1. Given a normal distributiun with a mean of sixteen and a 
standard deviation of two, what is the chance that a value of 
X picked at random will lie wi thin three units o f  the man? 
Will it be at least four units different from the mean? 

2 o  If one hundred objects are s·elected at random from a pO:pu­
lation having � = 25  and cr = 4, how many could be expected 
to have values of at most 2 7? at least 23? exactlY 2 3? 

3.. ! 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 th e  probability that a sample o f  
twenty-five strips will have an average width o f  a t  least 
0.252 inches? 

4. Samples o f·size thirty-six are drawn from a universe w ith 
� = 100 and � • 196. What proportion o:f the sample means 
may be expected to have values less than 9 5  .. 43? 

5.. A true-:false test has fifty i terns.. What 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 defectives. 
What is the chance that a sample of thirty-six will contain 
six defective switches? Work t his two ways. 

In presenting the distribut ion of s ample means, it was appropriate 

to present the central limit theorem and t he 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 sam ple means for samples of varying 

sizeso The relationship of the variances of the single v alue and sample 

mean distributions tended to implement the discussion of the standard 

error of estirnateo Along with the distribution of sample means, the 

distribut ion of sample proportions was also introduc edo 

Tests of Hypotheses 

Following this prelim inar,y 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 oc cwrence of a 

sample mean within a given hypothesized population was developedo In this 

case both of the population parameters (mean and standard deviation) were 

knowno Also included w ithin the framework of th is 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 meano The student s were 

given a format for setting up the solution of p roblems involving the test-

ing of hypotheses8 



le Statement of the p roblem or question of concern 

2., Statement of the statistical null hypothesis 

3. Statement of t he level of significance and the placement 
of this probabilit,r 

4. Statement of the crit ical regions 

5. Computation of the sample statistic 

6o Action w ith respect to the test hypothesis (ioeoJ accept or 
reject the hypothesis on the basis of the data )o When the 
hypothesis was rejected9 the s tuden t was asked to calculate 
the ap propriate confidence interval estimate of t he true 
mean for the population f rom which the sample was d rawno 

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

section is: 

A certain muni ti. 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 poundso The 
standard deviation for the manufacturing process is five poundso What 
is the mean of the populatio n of fuses? U pon receipt of a shipment 
of these fuses9 a sample of twenty-five yielded a mean firing pressure 
of 209e5 pounds. 

ao At the 1 per cent level of significanceJ would you accept 
the shipment? 

bo What is the probability of obtaining a sample of twenty= 
five fuses with an average firing pressure of 210o5 
pounds o r  less f rom a lot of fuses in which the true me an 
is really 212 pounds? 

Co Since you have rejected the hypothesis9 what is your best 
single point estimate of the true mean for the population 
from which the s�ple was drawn? 

do Under the test you have set up.ll if the t rue mean of the 
lot is 210o5 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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e. 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? 

g. If you were to take into c onsideration a power of 90 per 
cent and the d esire to be able to distinguish between 
population means at least two pounds dif feren t� how would 
this affect your sample s ize? 
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As can be seen by parts d, f, and g of this sample exercise, the 

Type II or � error and the power of the test (1 - �) were also discussedo 

The testing of hypotheses for single population proportions or 

percentages was also discussed a t  this time.. It was pointed out tba t in 

many cases industrial testing is done in terms of defective parts or 

merchandise and this technique was used primarily in these instances .. 

Sample exercises used for this were� 

1.. A certain factory ha d a daily absentee rate of 2 per 
cent on the averageo On a particular day a department 
in this factory had nine workers out of 100 absento 
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 department in question? 

2., A certain manufacturer receives a response from about 2 
per cent of the advertisement brochures sent out on the 
averageo A new type of advertising campaign is tried out 
on 2500 randomly chosen consumersJ and 119 responses are 
received.. Is the new type of advertising program more 
effective than the old type? 

The students were then presen ted with the more prevalent situation 

where the population standard deviation parameter is not known. The idea 

of using an e stimator, the sample standard deviation, in the test of the 

hypothesis led to a discussi on of Student�s-t distributiono The asso= 

ciated confidence interval estimate was also presented. 



Example exercises used with this section were: 

1. A test was given to a sample of 19 students and found to 
have a sample mean of 72.74 with a standard deviation of 
11. 13. At the DoDl level of significance, does this indi­
cate that the group is above average if the population 
mean is 66.D7? If the hypothesis is rejected� compute the 
99 per cent confidence interval estill1'3.te of th e true mean. 

2 .  A chemist made four determinations of the melting point of 
Ruthenium; 255De95, 2 55loDD, 255Do50� 255D .. 75 degrees 
Centigrade., l!:re these fi ndings in a ccord 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 
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hypotheses for single population parameters� t he next step was the pre-

sentation of the methods for testing hypotheses concernin g 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 instance. Where a common 

variance was a ssumed in the t-test, the pooled variance co ncept was pre-

sented., The general case for this was present ed in that in the later 

subject of the analysis of variance� the same 4rpe of statistic would be 

used., The testing of hypotheses for paired data was also presented at 

this time. 

Sample exercises for the section on Tests of Hy potheses Concerning 

the M�ns of Two Populations were: 

L. If a sample of four items from a normal population with a 
variance of four has, the value s of -3 .. 3.9 3 .. D� 1 .. 0, and 
-3a8, and a sample of four items taken from a normal popu­
lation with a variance of five has the values 5 .. D.9 DoD, 
2.,29 D.6.., would you be justified in saying that the means 
of the two populations are the same? 
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2 ..  Eight stores a re randomly selected in a particular town and 
found to have the following percentages of total sales 
delegated to "hard-line" merchandise: Bo2, 7 .. 7, 9 .. 9� 6.49 
10 .. 3, 7.1, 6.99 9.8Q A sample of nine randomly selected 
stores in another town of a pproximately equal size showed 
the following percentages: lloO, 9al , 7o7, 8a3, 7 .. 9, lOo4, 
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 llhard-line 11 merchandise? Esti­
mate with 99 per cent confidence the true difference between 
the mean percentages. 

3. Each of twelve pieces of cloth were divided into two equal 
parts. One-half was treated in a particular manner before 
�eing and the other half was untreated. The following are 
percentages of shrinkage for tm pieces of material� 

Treated 1 1 2 3 1.5 3 1 2 lo5 1 2 3 
Untreated 2 2 1 3 2 4 2 3 3 4 1 4 
Is this evidence that the treatment affected the shrinkage 
rate? 

Since the 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 w as appropriate. Associat ed with this 

preliminary discussion certain exercises in the empirical construction of 

the distribution Wilre carried out.. A box of poker chips, each numbered in 

accordance with a normalized di stribution, was used in obtaining samples 

of size n.. Samples of fou r  chips were drawn until one hundred such sam-

ples had been accumulated.. One hundred samples of size two were also 

drawn. The s ample variance of each o f  the samples was comp uted and then 

displayed as histograms for sample variances of size two and size four. 

In addition to these9 the Chi-square distribution was used in tests 

for independence of data9 tests for goodness-of-fit, and tests of hypo-

tm ses concerning a single variance and the estimation of the population 



variance .  The latter test was shown to b e  based upon th e  distribution 

Example exercises for this section were � 

1.  A manufacturer of a certain type of casting inspects the se 
castings for faults by means of X-rayo Of 4, 000 castings 
coming from production line A, 120 were rejected. Of 3500 
castings c oming from produc tion line B ,  130 were rejected. 
Is the workmanship of produc tion line A the salll3 as for 
production line B ?  
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2. Records of the nuni:l ers of failures in a particular subj ect 
have been kept at two certain collegeso  Out of 2, 000 fresh­
men taking this course in a particular year, 10 per c ent 
failed in college A and 12 per c ent of 2500 students faile d 
in c ollege B .  Can it be said that the per centage of failures 
at college B i s  higher than at college A for this particular 
cour se? 

3.  In eighty-one offspring of a certain cross between c attle, 
eighteen were red� forty�two were roan� and twenty-one were 
white. According to the genetic mo del of this cross�  these 
numbers are expected to be in the ratio of 1 : 2 :lo  Are the 
data consistent with the model at the 10 per c ent level? 

4.  In an opinion poll concerning a forth-coming referendum, 
the individuals interviewed stated their ' views as follows � 

For Against No �inion 
Men 95'0 2254 86 
Women 882 2166 724 

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

5 .  A chemist made four determinations of the melting point of 
Ruthenium: 2550o 95, 255lo00� 2550o 50, 2550o 75 degrees Centi­
grade . After evalua ting the various errors c ontained in hi s 
procedure� he decided that the variability in the technique 
�hould yield a maximum varianc e of O.,Ol95 o  Are the data 
consistent with the supposition at the 5 per c ent level? 

6. Given the following sample varian:: es  a ssumed drawn from a 
normal universe with a c ommon varianceo  

52 = 35, 1 
52 = 46.9 2 

s2 a 
3 26, 

nl = 

n = 

2 

8 

8 

n3 = 13 
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Find the 99 per cent confidence limits for the universe varianc e. 

To test hypotheses conc erning the equality of two population vari-

ances and e quality of more than two population means, it was necessary t o  

develop an understanding df the F-distribut ion. This was done by the use 

of the ratio of the x2 /d.f.  for one sample varianc e to the ..C /d.f .  for 

the seco nd sample variance. It was further explained that in c ases where 

tests c oncerning the e quality of two population means were to be carried 

out and the assumption of the common variance could not be  rr.ade, it w ould 

be mandatory for the F-test for equality of varianc es be utilized • 

. Following are two example s of the types of  pr oblems worked in con-

nection with this topic ! 

1. A sample of thirty-five items drawn f rom population I had 
a variance of thi.�ty, and a sample of sixty-four items drawn 
from population II had a variance of twenty-five. Test the 
following hypotheses ! 

(a) � = � 

( ) 2 < 2 b ai - 0"2 
2. In the us e  of c ertain instruments, the measure of the a dequacy 

of the instrument is the variability of the errors mde o  To 
c ompare two type s  of ins truments, I and II, the following data 
were c ollected : 

I g  n1 = 35, si = 40; II : n2 = 46, s� = 30 

(a) Test the hypothe sis that the varianc es of the e rrors of 
I and II are the same . 

(b) Find the 95 p er c ent c onfidence interval e stimate for the 
ratio of the popula tion varianc as. 

The analysis of varianc e  technique for testing hypotheses conc ern= 

ing the e quality of more than two populati on means was introduc ed. It was 



30 

pointed out to the students tha t certain basic assumptions were necessary 

before this particular technique was applicable ( i o e a � common varianc e 

between the populations under considerationj normality of distributions» 

and randomne ss of sample s) o Both the one and two cla ssification procedures 

were examineda 

Example s of the type s of exercises used with this topic were � 

la  Following are the grade point averages of five sophomores9 
four juniors�  and six seniorso Is there e vidence that 
the class mean averages differ significantly? 

Sophomore Junior Senior 

2 o5 2 o 7  3ol  
2 o 3  2 o5 3 o 3  
2 o ?  2 e 8  2 o4 
3o 2 2 o 9  2o5 
2o6 2 o 7  

2o5  

2 o Three varietie s of tomatoe s» A �  B� and C j  were treated with 
six types of fertilizers (1=6) o Following are the average 
weights per tomato per varie t,r and type of fertilizer & 

1 2 3 .JL 5 6 

A loO l o3  Oo 9 lol  lo6  lo3  
B 1 .5 lo6  lol lo.3 lo4 le 7 
c lo3  lo8  l o 2  lo 2 1 .. 7 l o 2  

I s  this evidence tm t there i s  a s ignific ant difference 
between the varieties of tomatoe s or th e  effec ts of the 
types of fertilizers ? 

In approaching the la st s ection studied duri ng the period of the 

course� it was felt that a review of the mathematic s involved in deter= 

mining the equation of a straight line from observed data wo�ld b e  

appropriateo With this background� discus sion proceeded t o  the c ompu= 

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

of least squares was c onsidered againo This latter conc ept w�s used in 
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developing the method of the produc t=moment coefficient £! c orrelationo 

Tests for hypothe ses concerning (1) the slope of the regre ssion line as 

an indicator of dependency of datac) ( 2 )  linearity of data.$) (3)  rho being 

equal to zero� (4)  rho being some value other than zero ( using the 

Fisher z=transforma tion) ,9 and (5)  confidenc e interval estimates for 

!l·y.,x9 B ,  A9 X, Y .$! a2 9 Y9 and � were inc luded., c y.,x 

Where appropriate the students were asked  to do the following in 

the solution of exerci ses related to this area � (1)  prepare a graph of 

each exercise9 ( 2 )  calculate the regression line for the data and plot 

this on the graph� (3)  test the hypothesis that B is zero � (4) test for 

linearity of data9 (5) calculate r;; (6 )  test the hypothesis that rho is 

zero., Examples of these type exercises were g 

1., Grades of ten students on an intelligence examination (X) 
and their grades on a stati stic s examination (Y) were g 

X 
y 

127 126 

87 ?J 

120 108 

67 87 

113 150 

10 6? 

138 

60 

137 

57 

141 135 

80 81 

2 o  A sample of sixteen y:ie1ded a r of 0., ?Oo Could the rh o for 
the population sampled be 0., ? B "l  Calcula te the 99 percen·t 
confidence interval estimate for rho.,  

3 ., For a sample of twenty·=four ob servations r was found to be 
0 ., 87 o Doe s rho differ si gnificantly from zero at the l 
per c ent levill For the same sample .9 b was found to be 
Oa 7049 s

y.,x was 0.,1269 and the sum of the X2 was 7 .,03 s Doe s 

B differ significantly from zero '? 

4 .. Is a c orrelation coefficient of Oe 30 based on a sample of 
forty=two items s ignificant a t  the 5 per cent level? How 
large must r be to be significant at the 1 per c ent level ? 
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In Chapter III, lists may be found giving the titles of the 

individual problems the students a ttacke d a nd the meth ods used by them 

in their s tatistical analyseso 

The course was evaluated in two ways, one of which was to determine 

the grade the student earned during the cour se, and the othe r for the pur­

poses of this study. In the former case, several ten minute quizzes were 

given in addition to four one-hour examinations, a final examination, 

homework, and the individual resear ch project. For the purpos es of this 

study, the c ourse evalua tion was accomplished through the adminis-

tration of the test instrument, A Test of General Proficiency in 

Elementary Statistical Inference� and the research proj ecto The dis­

cussion of the data conc erning this phase is pre sented in Chapter III. 



CHAPTER III 

PRESENTATION OF DATA AND FINDINGS 

In determining the validity and reliabili ty of the test instrument, 

the techniques described by Gulliksen1 were used., Table II, Item Scores, 

Criterion Scores, and Total Scores For the Experimental Group on A Te st 

of General Proficiency in Elementa� Statistical Inference,  Form B, Parts 

I and II, present s a breakdown by items and by s tudent wi thin the first 

two parts of the test.. Where the student ma rked the answer correctly the 

figure one (1) was placed in the appropriate bloc k and where the student 

did not mrk the question c orrectly th e  space is left blank.. The objec-

tives s tated in Chapter II were us ed as the c riteria for the evaluation 

of the results of the test. Items 1 through 15, 17� 24, and 27 were used 

to evaluate the fir st objec tive or c riterion., Items 16, 18, 19� 21, 22, 

25, 2 93 and 33 were us ed to evalua te the second obj ec tive or c riterion. 

Items 20, 23, 26� 28 , 30, 31, 32, 34, and 35 were used to evalua te the 

fourth criteriono The thir d criterion was evaluated by means of the indi-

vidual student problem projects.. In Table II the value of Yli is the 

score for the i ndi vidual for the fir st objec tive ;  the value of Y2i is the 

score for the individual for the second objective ;  the value of Y4i is 

the score fo r the individual for the fourth obj ective ; the value of T 
.. j 

is the total raw test score for the individual ; the value of T .  is the ]. .,  
number of students answering the particular i tern correctly .. 

1
Harold Gulliksen, The or� of Mental Tests (New York : John Wiley 

and Sons, Inc .. , 1 950) , pp .. 363- 4. 
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TABLE II 

TIEM 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 

------- -

STATISTICS TF.ST ITJill NUMBER 
.L 2 J 4 !> 0 1 0 'I .LU ll .LZ J.J J.4 .L!> .LO 17 .LO .L9 W 21 U 2) 24 2!> 20 21 2!l 29 30 )1 )2 )3 34 35 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

18 16 16 15 15 13 13 13 12 10 10 6 5 5 4 18 18 18 17 16 14 14 14 13 11 11 11 10 10 8 8 8 7 5 4 

CRITERION SCORE 
Y1 • Y2. 

10 4 
10 3 
12 5 
13 7 
11 5 
11 2 
11 4 
12 5 
12 6 
13 � 
10 2 
15 4 
11 5 
10 2 

8 4 
9 5 

13 7 
10 3 
1) 6 

Y4. 
4 
7 
4 
6 
5 
) 
5 
7 
5 
5 
4 
7 
8 
5 
6 
8 
6 
8 
6 

I 

TO 'tAL SCORE 
T.j 
18 
20 
21 
26 
21 
16 
20 
24 
2) 
22 
16 
26 
24 
17 
18 
22 
26 
21 

25 \.J.) +="" 



The formula used for test validity was 

K 
.Z r s 

g = lyg g 
rxy = K 

L: r s 
g = lxg g 

and the formula used for test reliabilit,y was 

where in the se equations 

s 2 
g 

K, is the number of items in the test� 

s
g

2, is the variance of item g [i.e o ,  s
g

2 = p
g

(l - pg
) ], 
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r s the item reliabili+tr index, is  the point-biserial item--
xg g' 

v,y 

test correlation multiplied by th e  item standard 

deviation, 

r s the item validity index� i s  the point-biserial item--
yg g' "' 

criterion correlation  multiplied by the item standard 

deviation., 

To compute the valm s for r s a.YJ.d for r s th f 11 . xg g yg g e o OWJ..ng 

formulas were used:  



In the se e quations 

N, is the total number of stu:len ts taking the test; 

N , is the number of students answering item g correctly g 
(g = 1 • • •  K) , 

Xi ,is  tre test score for the individual (i = 1 • • • N) , 

Y. , i s  the criterion score for individual i (i = 1 • • •  N) ; 
l. 
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Xig' is the t es t  score for e ach person answering item g correctly, 

Yig
' is the criterion s core for each person answering item g 

correctly. 

The value for r was founi to be 0. 402 which was significant a t  
XX 

the 5 per cent level . The value for r was found to be  0.498, for 
xyl 

r the value was 0.424, for r, the value was 0.447. All of  the se were 
xy2 xy4 

significant at the 5 per cent level. 

The 1948 edition of the ACE Psycholo gical Examin,ation fo r C ollege 

Freshmen2 and the College Qualification Test, Test N, Mathematics,3  was 

administered to each of the s tudents in the expe rimental group. The re-

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

in the Experimental Group .  

2tmerican Council on Education Ps  chological Examination fo r Colle e 
Freshmen 1 ed. ; Princeton, New Jersey: Cooperative Test Division, 
Educational Testing Service, 1948) . 

3college �lification Test Test N, Mathemati cs, Form B (New York : 
Psychological Corporation, 1 955-56,. 



Raw 
Score 

Student 0 L T""ot.a.l. 

1 68 9u 162 

2 62 88 150 

3 59 5u 113 

6 37 71 108 

8 U8 69 117 

9 52 58 110 

1u 53 67 120 

16 57 84 141 

17 so 74 121.! 

18 so 76 1 26 

19 h8 ;.1 99 

h ;.1 76 127 

5 6o 67 127 

7 52 85 1)7 

10 61 77 1)8 

11 59 10 129 

12 56 79 135 

13 56 66 122 

1 5  53 76 129 

TABLE III 

PERSONAL DATA FOR INDIVIDUALS IN THE 
EXPERIMENTAL GROUP 

ACE PSYCHOLOGICAL EXAMINATION 
Pel'cent "Lle College Qualification Test N 

Four-Year Co eges A. Co eges Mathematics 
Men Women Overall !.!en Women Overa Raw Percentile 

Q L Q L Q L Q L Q L 0 L Tota.. Scol'f! {Univ . of Tenn. Norm) 

99+ 9 u  9 <1'  9u 99+ 96 99+ 95 99 u9 99..,. 

91 90 98 89 98 92 99 91 96 u8 99"" 

95 25  96 21.t 96 30 91  28 61 u9 99"" 

27 64 )) 62 31 68 37 66 53 36 80 
70 &J 76 57 73 64 19 62 67 4h 9h 

82 Ju 87 32 8 5  ) 8  89 3 7  56 h8 99+ 

85 55 89 52 87 59 7l 91 57 47 99 

92 86 9h 85 9u 88 9 5  87 92 h9 99 ... 

76 70 82 68 80 7h 81.! 72 77 1.!9 9<!" 

76 7h 82 72 80 77 8u 75 79 h9 9� 

70 20 76 19 73 21.! 79 23 39 u7 99 

79 69 8h 7? 82 73 87 75 Bo lJ9 99 ... 

99 50 9 7  52 9'l .. 55 98 57 Bo u2 90 

92 81.! 87 86 93 87 89 88 90 u3 92 

99"'- n  98 71.! 99 ... 75 98 77 90 1.!8 99 .... 

98 57 96 6o 99 62 91 6u 82 h6 98 

96 75 93 77 , 97 78 9u 80 88 u2 90 
96 1.!8 93 

: i  
97 53 91.! 55 7h h7 99 

93 6u 89 9h 68 91 70 82 U6 98 

A ge 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

16 

17 

17 

17 

16 

17 I 
17 

17 

Classification 

Junior 

Junior 

Senior 

Senior 

Senior 

Senior 

Senior 

Senior 

Senior 

Senior 

Senior 

Junior 

Senior 

Senior 

Senior 

Junior 

Senior 

Senior 

Senior 

w 
-J 

"' 
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The test ins trumen t, A Test of General Proficiency in Elementary 

Statistical Inference, was adminis tered to the experime ntal group and to 

the c ontrol gro up, using Form A for the pre-test and Form B for the post-

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

w OS = R - --
n
-

-
--::

1
�-

where 

CS, is the c orrected score , 

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

correc tly (raw score ) , 

W, is  the number of i terns in Parts I and II which were marked inc orrec tly, 

n, i s  the number of choice s  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 , g ives the 

results of the tests for the experimental group an d Table V, Total score s 

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 te sts for 

the control group. The t-te st for paired data was used to de termine 

whether or not a significant differenc e occurred b e tween the score s on 

the pre-te st and on the po s t-te st. The t-sco re for the experimental group 

was 9. 228 which was si gnificant at the 0. 001 level of significance. The 

t-score fo r the c ontrol group was found to b e  -0 .. 415 which was not s ignifi-

cant at the o.o5 level of si gnificance. 

Product-moment co efficients of correlation w.ere obtaine d to deter-

mine the relationship between the �score on the ACE Psychological 



Student 
Number 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

TABlE IV 

TOTAL SCORES ON PARTS I AND II OF A TEST OF GENERAL 
PROFICIENCY IN ELEMENTARY STATISTICAL INFERENC E 

FOR THE EXPERIMEN TAL GROUP 

Test A Test B 
Raw Corrected Raw Corrected 

3 9  

Scores Scores Scores Scores Difference 

18 1.3 .00 18 23.33 10.33 
20 15o50 20 19.33 3 .. 83 

9 1 .. 25 21 13 .08 11. 83 
5 - 3 .. 75 26 23.42 27.17 

10 2.67 21 12. 92 10. 25 

11 3 .. 92 16 17 .00 13.08 
13 6 .. 58 20 15 .. 67 9.09 

8 o.o8 24 20 .. 75 20 .. 67 
13 6.50 23 10.25 3.75 
15 9.17 22 18 .08 8 .. 91 

10 2 .58 16 22.00 19.42 
12 5 . 17 26 16. 92 11 .. 75 
10 2 .67 24 11 .. 67 9.00 
11 4 .08 17 16. 75 12 .. 67 
11 3 . 83 18 20. 83 17 .. 00 

8 0 .08 22 18 .. 25 18 .. 17 
12 5.25 26 23 . 25 18 .00 
13 6 .50 21 15 .42 7.58 
10 2.67 25 10 .. 25 7 .. 58 

Total 241 .. 42 
Average Difference 12 .. 71 

sd 6.,002 
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TABLE V 

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

Student Test A Scor e s  Test B Scores 
Number Raw Corrected Raw Corrected Difference 

1 10 2.,67 7 - 1.,42 - 4.09 
2 10 2.42 12 5.,25 2.,83 
3 16 10.33 9 1.,25 - 9.,08 
4 4 - 5.,25 7 - 1.,25 4.,00 
5 13 6.,50 6 - 2 . 75 - 9o 25 

6 15 9.,00 10 2 .. 67 - 6.,33 
7 15 9.,33 8 - 0 . 08 - 9 .. 41 
8 18 13 .08 10 2 .,50 ., -10.,58 
9 7 - 1 .25 8 - 0.17 1 .. 08 

10 12 5 .,25 11 4 . 00 - 1.,25 

11 10 2.50 11 3 . 92 1.,42 
12 15 9.08 7 - 1. 25 -10.,33 
13 10 2 .67 12 5.33 2 .,67 
14 5 - 4.,00 7 - 1.42 3 .,58 
15 12 5.00 10 2 .,58 - 2.42 

16 11 3 .67 8 - 0.,08 - 3 ., 75 
17 7 - 1.42 7 - 1.42 0.,00 
18 7 - 1.,25 J.5 9.08 10.,33 
19 5 - 4.,08 9 - 1o17 2 . 91 
20 9 1•25 11 3 .. 92 2 .67 

21 5 - 3� 92 12 5.25 9.17 
22 7 - 1.50 11 3 .83 5.33 
23 12 5.,33 10 2.,58 - 2.,75 
24 4 � 5. 25 10 2.50 7o75 
25 5 - 3 ., 83 9 1 .. 25 5.,08 

26 7 - 1o17 13 6.42 7.59 
27 9 1.,33 10 2.67 1.34 
28 11 3 .,67 11 3.,83 0.16 
2 9  13 6.58 9 1.,25 - 5.33 
30 9 1. 25 4 - 5 .08 - 6.33 
31 7 - 1o 17 7 - 1.33 - 0.,16 

Total -13.,15 
Average Difference - 0.424 

sd 5., 776 



41 

Examination and the raw score of the individual student on the po st-test, 

the Q-score and the sc ore on the College Qualifi cation Te st, the 1- score 

on the ACE Psychological Examination and the raw sc ore of the individual 

student on the post-test. The value s f or r were found to be 0.155, 0.498 , 

and 0.646, respectively. The last two of the se value s were found t o  b e  

significant at the 5 per c ent level of si gnific ance .  

To evaluate the development o f  the ability t o  utilize various 

statistical techniques in the c ritical analysi s of problems, Part III was 

used with b oth the experimental group and wi th t he c ontrol group . The 

c ontrol group was unable 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-te st. The results of this part of the post-test 

are given in Table VI, Item Score s  and Total Score s For the Experimental 

Group on A Test of General Proficiency in Elementary Statistic al Inferenc e ,  

Form B ,  Part III . The scores given in this table are for a total value 

of forty-six points. The point value s for each item were arbitrarily 

as signed by setting c ertain c heck points in the s oluti on of the problem. 

These arbitrary point value s for each problem are listed in the tab le in 

parentheses under the number of the problem or item. 

To evaluate the third obj ective or criterion as listed in Chapter 

II, each of the students sele c ted a prob lem of hi s own choo sing. The 

student was required to state the problem, s tate the hypotheses, s elec t  

the sample, gather th e  data, analyze th e  data1 an d  draw c onc lusions. The 

result of the student ' s  investigation was t hen presented in the form of a 



Student 
NUlllber 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

Average 

TABLE VI 

ITEM SCORES, AND TOTAL SCORES FOR THE EXPERIMEN TAL GROUP 
ON A TEST OF GENERAL PROFICIENCY IN ELEMENTARY 

STATISTICAL INFERENCE, FORM B ,  PART III 

.Item 
36 37 38a 38b 38c 38d 38e 

( 2 )  ( 3 )  (12 )  (8 )  ( 9 )  ( 7 ) (5) 

2 2 11 8 9 5 5 
2 3 10 8 7 7 5 
2 3 8 8 9 4 4 
2 3 11 6 2 7 0 
2 3 11 8 8 5 2 

2 2 10 0 9 7 5 
2 3 10 6 9 6 4 
2 3 5 4 6 5 0 
2 2 11 7 9 7 4 
2 2 10 8 8 5 4 

2 3 11 6 7 6 3 
2 3 8 0 7 6 4 
2 3 8 7 8 6 3 
2 1 11 8 7 5 0 
2 3 11 7 9 7 4 

2 3 11 5 5 3 1 
2 3 9 5 9 7 4 
2 1 12 6 0 0 0 
2 3 0 0 0 0 0 

2 2 .58 9 . 37 5 .63 6. 74 5. 16 2 . 74 

Standard 
Deviation 0 0.69 2 .. 81 2ct 78 2 .. 96 2 .14 1 .. 93 
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Total 
Score 
(46 )  

42 
42 
38 
31 
3 9  

35 
40 
25 
42 
3 9  

38 
30 
37 
33 
43 

30 
39  
21 

5 

34. 16 

9 .. 31 
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paper., The following li st indicates the titles of the papers submitted 

by the students . 

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

"An Estimation o f  th e  Nwm er of Automobiles the Average 
American Family Owns "  

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

"A Study of the Relationship Between the Numb er of Students 
and the Number of Teachers in the State Universities of 
the United States " 

"Children, Telephone s,  Television :  Related or Not Related !& 

"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 " 

"A Study of the Probability Involved in the Game of Poke r "  

"A Statistical Study of the Relati onship Between the Causes 
of Death in Knox County and in the State of Tennessee for 
the Year 1957"  

"A Statistical Test of the Theory That People are Affected by 
the Subconscious in Their Choice of Numbers " 

"A Study of the Relationship Between the Preference and 
Ownership of  Colored or Conventional Telephones "  

"A Study to Determine the Truthfulness of Advertisement in a 
Local Grocery Store• 

"'Determination of the Mean Amount of Fluid Contained in a 
Particular Brand of Bottled Soft Drink• 

"Do Advertised Weights of Produc e Lie?• 

"A Study of the Sacking Distribution of Apples" 



RA Compari son Stuqy of the Mean Numb er of Children Per Family 
in Knoxville and the Nation" 

"A Study to Determine the Better Golf Course a s  Indicate d by 
Golf Score s "  

"A Stuqy o f  th e  Comparison of Intelligenc e Sc ores for the 
Various Classes at Bearden High School as C ompar ed to a 
National Norm" 

"A C omparison of Theoretical and Empirical Probability" 
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In these papers the statistical procedures used by the s tudents 

and the frequency of occurrence were : 

t-test for differenc e between two means 4 
t-test for a single hypothesized mean value 7 

C onfidence interval e stimate of th e  true difference 
between two popula tion means 2 

Te st of hypo thesis c onc erning the dependency of 
variable s 1 

Product-moment c oeffic ient of c orrelation 1 

Analysis of varianc e  2 

Chi-square test for goo.dne ss of fit 1 

Test of hypothesis about single population proportion 1 

Test of hypothesis about difference b etween t'wo 
popula tion p'roportions 2 

Chi�square t est for equality of more than t'wo 
population p roportions 2 

liypergeometric di stribution 1 
F-test for equality of t wo p opulati on v arianc e s  2 
Fre quency p'olygon 4 
Hi stogram 2 

Ogive 1 

Several examples of the problems a ttacke d by the students are 

given in Appendix C in the same manner as pre sented for the c lass. 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

The purpos e  of this s tudy was to determine the ability of apt 

secondary s chool students t o  apply principle s of elementary probability 

and statistical inferenc e in the analysis of data following a seme s ter 

of instruction in s tatistics a nd  elementary probability. 

The test hypothe ses for this stuqy were � 

1.  There i s  n o  si gnificant difference b etween the pre-te st scores 

and the post- test score s for the experimental group .  

2. There i s  no significant difference b etween the pre-tes t  scores 

and the post-test s c ores for the c ontrol group. 

3.  There is no significant difference i n  the ability o f  apt 

secondary school s tudents who have c ompleted a seme ster of elementary 

probability and s tatistical inferenc e and that of apt sec ondary school 

students who have not received instruc tion in e l ementar.y probabi lity and 

statis tical inference in applying the concepts and principle s related to 

thi s  course� as measured by po st-test scores .  

A o ne seme ster c ourse-of-study in e lementary pr obability an d  

statis tical inference w a s  developed which included discussion of s 

1. The Components of a Statistical Investi gation 

2. Mea sures of Central Tendency and Variability 

3. Elementary Probability 

4o Discrete Distribution Functions 
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5.  The Normal Di stribution 

6.  Tests of Hypotheses 

7.  Developing the Statistical Report 

A testing instrument.ll A Test of General Profici ency in Elementary 

Statistical Inference9  was developed. This test was s ubdivided into 

three parts g 

1 .  Selec tion of th e appropriate method for testing stated 

hypotheses or stated problemso 

2 .,  General questions concerning the principles of probability 

and statistical inference. 

3 o  Mathematical solution of s tatistical problems 

A group of nineteen secondary school student s were used as the 

experimental group and a group of thirty=one students in a Plane 

Geometry class were used as the c ontrol group e  Th e  experimental c lass 

was composed of four juniors and fifteen seniors. The evaluative ins tru­

ment was administered to both the experimental and the control groups at 

the beginning and the end of the p eriod of instruct:i.ono Different forms 

were used for each time., 

Analysis of the post-test scores for validi ty and reliabili.ty of 

the testing lnstrument gave significant coefficients of correlation in both 

cases.  This evidence supports the belief that the instrument i s  both valid 

and reliable .,  

Analysis of  th e  data for tlll'.ferences  be tween pre-test and post-test 

scores after correction for gue ssing resulted in a very highly significant 



t-score for the experimental group.  The first test hypothesis was re­

j ected. 
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Ana�sis of - the data for differenc es  between pre-test and post­

test scores after correction for gue ssing resulted in a non-significant 

t-score for the control group. The sec ond test hypothe sis 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 group. The third test hypothesis 

was rejected. 

The results of this study support the b elief that apt secondary 

school students are able to apply the principles of elementar,r prob­

abilit,y and statistical inf erence following a s eme ster of instruction 

in elementar,r probability and s tatistical inference.  
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APPENDIX A 



A TEST OF GENERAL PROFIC IENCY IN ELENENTARY 

STATISTICAL INFERENC E 

FORM A 

Part I ..  Indicate on the answer she et which of th e  name d procedur e s  
would be most applic able i n  tes ting the following hypo­
theses or so lving the stated prob lem., 

a ..  t�test 
b ..  r�te st 
c ..  Analysis of Varianc e . 
d., Correlation 
e .,  Regre ssion 

1 .  A significant dif ferenc e doe s not exis t between the a verage ga s 
mileage of four different nakes of automobile s .,  �� 
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2 a  The average reaction time of Reagent A i s  at l east a s  great a s  that 
of Reagent B ..  A 

3 .. Information was needed conc erning the relati onship between two 
variable s .,  ]) 

4. It is d e sired to determine whe ther or not a s eries of s ample s from 
a c ertain production line agree with a pr edicted di s:t;.P,b,11ti on. 

5.. It is  desired to §..§_�:!:�.�E:l th e  sale s poten tial of a pr o spe c tive 
salesman based upon his score on a pers ona lity test., 

6..  In the following table X is milligrams of nico tine 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 1L. 8  
1 .6 16 ... 5 
1.6 17 .. 2 
1 .. 6 24 .. 1 
1 .. 7 25 .. 2 
1 .. 8 20.,6 
1 .. 8 22 .. 8 
2 .. 0 2 2  .. 4 
2 .. 3 1 9  .. 4 
2 .. 6 20 .. 6 



7 . The variability �n two c la sses as determined by achievement tests 
is identical o .I 
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S o  The c oeffic ient of elastici ty is the same for a set of springs be­
fore and after treatment with acid. 

9. The proporti on of defective sp ools of yarn will be  the sa.100 for 
three machine s .. 

10 .. Random samples of 200 parts from each of thr ee lll9.nufacturers showed 
the following numbers of defective and non-defec tive parts � 

Manufactur er 

A 
B 
c 

Defective Parts 

30 
14 
16 

Non=defective Parts 

170 
186 
184 

Is it possible that the true proportions of defective parts made by 
the thr ee manufacturers are the sam3 ? 

11. Success in c ollege may be  predicted on the basis of scores on 
entrance examinations . 

12 o It is believed that the average cigarette consumption of the 
American public is 10 ci garettes pe r day per person with a variance 
of 16o A sample of 100 individuals was taken and the average ciga­
rette consumption per day per person was found to be 8 cigaretteso  
Is  it reasonable to suppose that this sample represented a popu­
lation smoking a smaller number of cigarettes per day? 

13 . A commercial produc er of alcohol runs tests on 10 two-ounce speq�­
mens of his product to determine the conc entrati onQ He finds the 
�ve�age concentration to be 90 per cent with a standard devia tion 
of 6 per cento Are these findings c ompatible wit h the belief that 
the a ctual conc entration is 94 per cent? 

14o Frozen peaches prepared by four different methods  will not vary in 
taste if four different s.yrup compositions are usedo 

l5o The tensile strength of a rubber vulcanizing process shows the fo l­
lowing variati ons with different co nditi ons of produc tione Data are 
in pounds per s quare incho ,·; 

Cure at 140° Accelerator s 
(Minutes )  A B c 

40 3700 4300 3900 
60 3900 4200 4100 
80 3600 4300 4000 



Do the accelerators or cure time s have dif ferent effects upon the 
tensile strength of the proce ss? 

Part II. Select the most appropriate answer from the choices given 
and mark the corre sponding letter on the answer she et . 
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16. The difference between Brown ' s  sc ores on two s tatis ti c s  tests was 
20 points .  The s tandard devia ti on on the fir s t  test was 15 and on 
the s econd test 10. 

a. Smith did better on the fir s t  test than on the second test. 
b .  Smith did better than Brown o n  both tests. 
c .  Insufficient data are given for making any dec ision regard­

ing the relationship between Brawn ' s scor e s  and Smith ' s  scores. 
d. Brown pa ssed both of the tests. 

17. A graph showing the number of individuals pos sessing a c ertain 
quality would be c alled a ( an )  

a .  hi s togram. 
b .  ogive. 
C o  c umulative fre quency dis tributi on. 
d. frequency dis tribution. 

18 . The power of a test is an expres sion of the probability of 

a .  rejecting a hypothe sis, true or false .  
b. reje cting a true hypothesis . 
c .  accepting a true hypothe sis .  
d .  accepting a false hypothe sis .  

19. The normal c urve is a graphic demons tration of the fact that in a 
population of individual s pos sessing a common trai t, 

a. a greater percentage tend to be alike rather than different. 1 
b .  a greater percentage tend to b e  different rather than alike . 
C o  there i s  e qual chance for any form of th i s  trait to appear. 
d. the probability of finding a devia te is law . 

20. Which of th e  fo llowi ng is an expr es si on of the limits of the no rmal 
curve?. 

a .  - oo  to ct 
b .  0 to oo 
c .  - oo to 0 
d. - oo to oo 
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21. Variances are computed for two samples drawn from two sources and 
are f ound to be equal . It may b e  concluded that 

a. b o th sources have the same populati on varianc e .  
b .  both s ource s  may have th e  same populati on variance . 
c .  both populations have the same pa rameters. 
d. both populations may have the same parameters. 

22. If the probability that any person thirty years old will be 
dead within a year is p = 0. 01, the probability that no more than 
one person fn ten of this age will die within one year i s  

a. 0 . 90. 
b. 0. 95. 
c .  0. 995. 
d. 0. 999 .. 

23. Which one of the f ollowing would not be normally di stributed? 

a. 

b .  
c .  
d. 

The number of physically defective c hildren born in 100 
hospitals in one year. 
The weights of fifty adult male albino rats. 
The typing speeds of fifty stenographers. 
The golf scores of the members of a given c lub in a 
particular year. 

I 

24. If the mean I . Q. of children i s  approximately 100 with a s tandard 
deviation of 16, approximately how many in 1000 will have I . Q. 1 s  
above ll6? Assume a "bell shaped" distribution. 

a .  130 
b .  140 
c .  150 
d. 160 

25. Which one of the following terms w ould b e st describe the type of 
sample one would get by using the t able of random numbers ? 

a. Selective 
b .  Stratified 
c. Biased 
d. Unbiased 

26 . A z-sc ore of 0 on a test would indicate which of the following c on-
. ditions in describing the student' s  placement with respect to the 

remainder of the clas s ?  

a .  Below average 
b .  Average 
c .  Above average 
d. Superior 
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27. In the process of rna tching co ins , a co in turns h eads nine time s  out 
of ten . The probability that the coin will turn up heads on the 
tenth to ss i s  

a. 9/10. 
b e  7/lOo 
Co 5/10. 
do 3/lOo 

28. If a dis tanc e of 2. 326 sigma is laid off on each side of the mean, 
thi s  range will include wha t per c en t  of the cases in a normal 
dis tribution ? 

a..  85 per cent 
b. 90 per c ent 
C o  95 per cent 
d., 99 per c ent 

29. Commi s sion of the Type I I  error is found when 

a .  action i s  not taken when i t  should no t b e  taken. 
b .  ac tion is not taken wh en i t  should b e  taken. 
c .  action i s  taken when it s hould not b e  taken. 
d., ac tion is taken when i t  should be taken. 

30., The value appearing most frequently in a frequency di stributi on is 
called the 

a .,  arithmetic mean . 

Po mode., 
c .. median., 
d. geometric mean., 

31. The distribution resulti ng from the plotting of sample varianc e s  
coming from a population ha ving a common varianc e i s  the 

a.. x2-distribution. 
b.. hypergeometric di stribution. 
c .  normal distribution. 
d. Student-t distribution. 

32. The best pro tec tion agains t accepting a false hypothe sis where the 
mean is in reality greater than the hypothecized mean would be 
given by use of 

ao te st Type a .  
b .  test Type b .  
c .  te st Type c .  
do te st Type d. 



I 

60 

33. When five coins are tos sed, the probability tha t either two or four 
heads will show 

a. 13/32.  
b .  14/32.  
c.  15/32 .  
d. 16/32.  

34. When sampling without replacement from a finite dichotomous popu� 
lation of small mnrb er, which of the fo llowing dis tributi ons is 
applicable ? 

a. Pois son distribution. 
b.  Binomial distribution. 
c. Normal distribution. 
d. Hypergeometric dis tribution. 

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

a .  Normality of distrib ution. 
b .  Independence of variables. 
c.  Randomne ss of sample . 
d. All of the se. 

Part I II .  Solve the following problems. 

36. Before buying a batch of forty fuses a man tests three .  The batch 
contains f our defec tive 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 sample . (j 

37. Assuming that boy and girl births are e qually likely, the proba­
bilities tha t 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 
respec tively. Ob servati ons on 400 families having three children 
each gave the following data : 

No. of boys 
Frequency 

0 
58 

1 
155 

2 
142 

3 
45 

Are these data consistent with the the oretical distribution! 

38. Twenty per cent of people contracting a c ertain disease do not 
recover. Write a formula for the frequency function f (x) where 
x is the number of persons o ut of 10 c ontracting the disease who do 
not recover. 

39. In making glass  bo ttles some bottle s c ontain "stone s "  ( small pieces 
of refracto� or other non-glas� 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 places. 

40. 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 type s of pots. The f ollowing 
data were c ollected and each value was coded by subtracting 600 from 
the original value. , _  

' 

1 

� 
1.5 

0 
0 

- 4.5 
- 30 
- .5 
-10.5 

1.5 
60 

Type II 
60 
30 

10.5 
10.5 
-7.5 
-60 

75 
-10.5 

-30 

Sum of value s for type I = -110 
Sum of value s for type II = 10.5 
(Sum of value s for type I) 2 = 12, 100 
(Sum of value s for type II )2 � 11, 02.5 
Sum of squares of value s for type I = 

18, 2.50 
Sum of squares of values f or type II = 

.53, 32.5 

4le In a particular school di strict 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 followi ng results obtained : 

District 

1 
2 
3 
4 
.5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
1.5 
16 
17 
18 

Proportion of open 
space used for 
playground (x) 

.5 . 0  
2 .. 2 
1 . 3  
4.2  
1.4 
2.0 
7e0  
2 • .5 
4 • .5 
3 . 1  
.5 .. 2 
7.2  
6.3  

12. 2  
14.6  
23.6  
14. 8 
27 • .5 

Proportion of accidents 
to children as percent­
age of all accident s (y) 

46 .. 3 
43 .4 
42 . 9  
42 .2  
40. 0  
3 8 . 8  
3 8  .. 2 
37.4 
37 e0 
33 .. 3 
33.6 
33.6 
30. 8 
28.3  
23. 8  
17. 8  
17.1  
10. 8 

Sum of x 1 s  = 144.6  
Sum of x�squares = 21.53 . 06  
Sum of y ' s  = .59.5 . 3  

(Sum of x 1 s ) 2 
(Sum of y '  s )2 

= 20909.16 
= 3.54382. 09 

Sum of y-squares = 21389.61 
Sum of xy 1 s  = 3.597 . 80 

I , 

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, selec t the one which i s  most applicable in 
te sting the following hypothe ses or so lving the stated problem 
and mark the appropriate letter on the answer sheet. 

a. z-test 
b .  Analysi s  of Varianc e 
c .  x2-test 
d. t-test 
e. Correlation 

1. There i s  no rela tionship between the amount of nicotine and the 
amount of tars in tobac c o .  

2.  Intelligence does have some effec t upon s uccess i n  c ollege. 

3.  There is an inverse relationship b etween the a ge of a plant and th e  
effectiveness of certain types of nutrient ma terials. 

4. The quality of a produc t i s  in direct ratio to the amount of time 
spent in produc ti on .  

5 .  The height i n  inche s ( coded) o f  three different racial groups for 
samples of three each are a s  indicated b elow. Is there evidence of 
stature variation among t he se group s ?  

A 

2 

5 

3 

B 

1 

2 

1 

c 

4 

3 

2 

6. A standardized test of ability to do scientific thinking ha s been ad­
ministered numerous time s  and has an average s c ore of 80 with a 
standard deviation of 10. In one group of 25 student s spe c ial empha­
sis on interpretation of data ,  drawing inference s  and o ther aspe cts 
of s cientific thinking h� b een s tressed. In this group of 25 stu­
dents a mean of 85 was ob taine d. Is there reason to believe that the 
special ins truction c hanges the r e sults on the t est? 



7 o  Neither education nor experience has a significant effect on the 
effectiveness of a salesmano 
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8 ..  The malleability of a pa rticula r metal is the same before and a fter 
the ttcuring II processo 

9o Physic ians indicate that one-half of the offspring of familie s in 
which one of the parents is diabetic will be diabetico If, in a sam­
ple of 80 ch ildren from such families , 35 are diabetic, do you accept 
the physicians ' claim? 

lOo Diet A and Diet B have different effects on the body weights of a 
specif ic breed of animals o 

11.. Two laboratories carry out independent tests< of fat content for ice 
cream by a cer tain manufacturer. A sample is taken from each batch , 
halved, and th e  separate halves sent to the respective laboratories. 
The results obtained on the t en batches were as follow s :  

Batch 1 

Lab A 7o2  
Lab B 9.1  

2 3 4 

8o5 7 o4 3 o 2 
8o5 7 e 9  4 o 3 

7 8 9 10 

9 o 4 4 o 6 7 o 7  6 . 9  
9o3  6.6 6 . 8  6. 7 

Can the differences between th e  analyses be a ttributed to chance '! 

12 o A particular chemical does not increase the germination percentage 
for seeds of a particula r plant. '-· 

13. Three microanalytical determinations of carbon in ephedrine hydro­
chloride are made by th ree dif ferent technique s with the followi ng 
results � 

Technique A �  X = 0. 00982 
Technique B �  I = O o 00676 

Technique C :  X = 0. 00491 

The total "pooled " variance estima te is 5ol38 x 10=7 • Is the re rea-
son to believe that the three techniques are different in thei r results? 

14. The per centage of defective pa rts produced i n  a particular depa rtmen t  
by two different machines is the same., 

15 . A study was nade to determine whether there was any relationship be­
tween a per son ' s  educati onal level a nd his opinion as to the motivation 
of conscientious obj ectors. A random sam ple of 300 individuals was 
chosen . Of the 120 people wh o had finished colle ge, 70 th ought th at 
the men were cowards and the r est did not . Of the individuals who had 
not finished college 50 thou ght that the men were not cowards and the 
rest thought th at they were. Does educat ional le vel have an y effect upon 
the person H s  opinion as to motivation of conscientious obj ectors ? 
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Part II . S ele c t  the mos t  appropriate answer from the choic e s  given and 
mark the corresponding le tter on the answer sheet. 

16. Which of the f ollow ing is an expression of the l imits of the x2-
dis tribution? 

a$ - oo to ct 
b .  0 to oo 
c .  - m to 0 
do - 00 to 00 

17 . Data may b e  measured for goodne s s-of-fit to a pre scribed dis tribution 
by use of the 

a., Student-t distrib uti on 
bo F-distri bution 
C o  X2�dis trib uti on 

2 d. <i� l'" dis trib uti on 

18� If a dis tance of 2 o 575 standard devia tions i s  laid off on each s ide 
of the populati on mean, this rang e will include wha t per c ent of the 
cases in a normal dis tributio n ?  

a .  85 per c ent 
b .  90 per c ent 
c .  95 per c ent 
d. 99 per cent 

19. The type II error i s  an expre ssion of the probability of 

a. rejec ting the hypothe sis� true or fals e &  
b .  rejecting a true hypothe sis .  
c .  ac c epting a true hypothe sis . 
do accepting a false hypothesi s .  

20. When sampling from a normally dis tributed populati on, the probability is 

a. low for drawing a value which i s  near that of the population mean. 
b $  high for drawing a value which is not near that- of th e  population 

mean., 
C o  the same for the drawing of all variable s .  
d. low for drawing a value from the population which is an extreme 

deviate o  
· 
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21. If an item appears within the limits of � ! 1.5cr, the occurrence may 
be .said to be 

a.  usual. 
b .,  significant., 
c .  highly si gnificant., 
de very highly significant. 

22.  Means are computed from two samples drawn from two sources am are 
found to be equal .. It may b e  concluded that 

a.,  both sources may have the sane population mean. 
b .  both sources have the same population mean. 
c .,  bo th sources may have the same population parameters. 
d., both sources have th e sama population parama ters. 

23. In th rowing a pair of true dice the probability of getting a seven 
or eleven is 

a.,  1/9 
b .,  2/9 
c .  3/9 
do 4/9 

24 . The relati onship between two variables is  measured by the 

a .,  regression line . 
b.  slope of the regression line . 
c., coefficient of correlati on .. 
d., coefficient of variation., 

25. Commis sion of the Type I error is fo und when 

a. acti on is taken when it sh ould not be  taken 
b .  action is  taken when it should be  taken 
c .  action is not taken when it should not b e  taken 
d.  action is  not taken when it shvuld be  taken 

26. The value which divides  a frequency di stributi on into two e qual 
parts is c alled the 

a., arithmetic mean., 
b.,  median. 
c. mode., 
d., harmonic mean., 
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When sampling with replacement from a large population (N>lOO) and 
the probab ility of the event is small (p<0. 05 ) , which of the fol­
lowing distributions is applic able? 

a.. Binomial 
b .,  Poi sson 
C.o Normal 
d., Hypergeometric 

28., Measurements of obje c ts in general result in value s tha t may b e  sai d  
t o  b e  

a. qualitative i n  natur e o  
b o  quantitative in natur e .  
c .,  continuQ�S in nature ., 
do discrete in natur e .,  

2 9 .  Th e  best protection against accepting a false hypothesis where the 
mean is in reality less than the hypothe sized me an would b e  given by 
use of 

a., te st Type a., 
b .,  t e st Ty.pe b .,  
c .,  test Type c .  
d .,  te st Type d .,  

30., Whic h one of th e  fo llowing would not b e  normally dis tributed? 

a .  The c oefficient s  o f  co rrela tio n fo r 5 0  samples drawn from th e  
same source. 

b .,  The proportion of defec tive parts for 50 sample s drawn from a 
given produc tion line ., 

c .,  The F-raties f rom 50 sample s  drawn from each of two g iven 
populati ons .,  

d. The distributi on of depen dent variab les for a given value of the 
independent variable . 

31. If the mean I . Q., o f  ch ildren i s  approxima te ly 100 with a standard 
deviation of 16� approximately how many in 1000 would have an I . Q. 
above 1.31 ? Assume a "bell-shaped" distributi on ., 

a ..  20 
b .  25 
c ..  30 
d., 35 



32. Which of the following is not an as sumpti on basic to the use of 
parametric s tatistical t echnique s? 

a0  Normality of distributi on 
b .  Knowledge of the population variability 
c .  Independence of variable s 
d. Randomness of sample 

33. A z-sc ore of 1.75 on a test would indic ate which of the fo llowing 
c onditions in describing the s tudent ' s  placement with respec t to 
the remainder of the cla ss? 

a., B elow average 
b. Average 
c ..  Above average 
d. Superior 
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34.. A g raph showing the cumulati VE;l percentage of individuals possessing 
a certain qualit,y w ould be calle d  a (an) 

a. histogram. 
b .  ogive . 
C o  frequency distribution .. 
do cumulative frequency distributiono 

35.. If the probability that any person thirty years old will be dead 
within a g iven year is p = 0.01, the probability that no more than 
one person in a group of 10 of this a ge will survive a given ye ar 
is : 

=20 a .  989 x 10 �20 . b .  990 X lO_?O 
c .  9 91  x 10 �2o de 992 X 10 

Part III.,  In the accompanying b ooklet, show all of the necessary c ompu­
tations, indicating in all cases the a s sumptions b eing used, 
hypotheses being tested, c ritical regions, and decision rules .  

36. Suppo se that the number of call s a telephone operator receives from 
9 : 00 to 9 � 05 follows a Poisson distribution with � = 3. Find the 
probability that the operator will receive no c alls in that time 
interval tomorrow., 
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37. Before b uying a batch of sixty fuses a man te sts s ix. The batch 
c ontains eight defec tive f use s .  Write a mathematic al expr e s si on 
for the frequency func tion f (x) [where x is the number of defec­
tives ]  for drawing exactly one defective fuse in the sample . 

38. Using the data given in the accompanying table�1 show all work 
involved in testing the f ollowing hypo the ses or in ob taining the 
desired informa tion.,• 

a ..  The re are n o  significant differenc e s  between scores, taking 
together the four charac teristic s  ( using the composite s c ores )  
for the different methods . of preparing fish .  

b. A significant relati onship doe s not exist b etween the 
moi sture content and a roma of the f ish. 

c .  A significant differenc e does not exist b etween t he s c ores 
for flavor and a roma for the f i sh. 

do A significant difference does not exi st between the vari­
ability of the methods A and B. 

e. If the mois ture content of the f i sh is 6.1, what is your 
best point e stimate of the aroma score for the fi sh on the 
average ., 

Method Used in the Study 

Three lot s  of fi sh of twelve e ach were prepared by metho ds A, B ,  

and C .  Five experi ence d  j udges ate samples o f  each fish and graded e ach 

for aroma� f lavor, texture , and mois ture e  The a verage sc ore for a roma 

for the five j udges was recorded a s  the aro ma score for the par ticular 

fi sh., Similarly averages of the j udges 1 score s were used f or flavor, 

texture , and mo is ture. In this way individual differenc e s  b etween j udges 

were somewha t ironed o ut o f  the r esults .  Judges were not aware of the 

methods of preparing the f ish and never knew which preparation was us ed 

for any parti cular sample . 

�aten» Wo D ., .9  Tack, Pet Ia9 Baeder, Helen Ao � "Testing f o r  
Differences Between Methods of Preparing Fish by Use of a Dis criminant 
Functi on , P Indus trial �uality Control 14 (7) : 6-10 • 

• 
As sume : 1) Common varianc e whe re nec e s sa�; 2) dependency; 3)  linearity 

of data . 



A 
Aroma Flavor Texture Mo isture 

5 . 4  
5. 2 
6 . 1  
4. 8 
5.0 
5. 7 
6 . 0  
4.0 
5 . 7  
5 . 6  
5. 8  
5. 3 

EX o4,o 
! 

2%2 

6 . 0  6 . 3 6 . 7  
6 . 2  6.0 5 . 8  
5 . 9  6 . 0  7 . 0  
5.0 4 . 9  5.0 
5 . 7  5.0 6 . > 
6 . 1  6. 0  6 . 6  
6 .0 5. 8  6 . 0  
5 . 0  u.o 5.0 
5 . 4  u . 9  5. 0  
5 . 2  5 . 4  5. 8  
6 . 1  5 . 2 6 . 4  
5 . 9  5 . 8  6 . 0  

ots . 5  b!J. 3 ?l . tl  

( EXAroma ) 2  = 35118. 76 

( ZX ) a 
Flavor • 35834.49 

( EX ) 2  Texture • 39960.01 

( �oisture) 2  • 47132.41 

!.X Aroma • 187.4 

ZIFlavor
"' 18 9.3 

LXTexture • 199.9 

�isture • 217•1 

Method 
--

B c 
Aroma Flavor Texture Moisture Aroma Flavor Textu_re __ MoistUre 

5 .0 5 . 3  5 . 3  
4.8 l.t . 9  L . 2  
) .9 4.0 l.t. h  
h.O 5.1 4 . 8  
5 .6 5 . !; 5 .1  
6.0 5 . 5 5 . 7  
5. 2 u . 8  5. 4  
5 . 3  5. 1  5 . 8  
5 . 9  6 . 1  5 . 7  
6.1 6.0 6 . 1  
6 . 2  5 . 7  5 . 9  
5.1 4 . 9  5 . 3  

o3.1 o2 ,tl o3 . 7  

!XAroma2 • 989. 98 

�oisture2 m 1320.61 

zxij (c)  • 114.11 

zxij (c) 2 • 400.0985 

Z (�oisture XAroma) • 1135. 23 

:l:�j - 793 . 7  

(!!.Xij)2  - 629959.69 

2 
' 

!Xij • 4442.69 

6. 5 4 . 8  5.0 
5. 6 5 . L 5 .0 
5.0 h. 9  5.1 
5 .8 5 . 7  5 . 2 
6 . 2 u . 2  4 . 6  
6.0 6. 0  5 . 3  
6 . 0  5. 1  5. 2 
6 . 4  u . 8  4.6 
6 . 0  5 . 3  5 . 4  
6 . 2  h. 6 4.4 
6.0 4. 5 u . o  
u . 8  4 . 4  4 . 2  

70 .5  59 . 7  5tl .O 

( ZXA (C ) )2  = 2394.1449 

(EXB(C ) ) 2  = 1549.2096 

( ZXC (C ) ) 2  = 666.6724 

6 . 5 
6.0 
5.9 
6 . 4  
5 . 3  
5 . 8  
6 . 2 
5 . 7  
6 . 8  
5 . 7  
5.0 
5 .6 

70 . 9  

(lXAroma) (�oisture) = 40684. 54 

ZXFlavor2 1008 .11 

ZXTexture2 • 1123. 99 

[ZXij (c ) )2  = 1610.0921 

7 . 0  
6. 4  
6 . 5  
6 .4 
6. 3 
6 . 4  
6 . 5 
5 . 7  
6.6  
5. 6  
5 . 9  
5 . 5  

74. 

Compo site Meth od �cores 

c 
2. 16 
2 . 26 
2 .  7lt 
2 . 3 5  
2 . 42 
2 . 61 
2. 72 
2 . 18 
2 .  7 4  
1 .93 
1 . 32 
1 . 7 2  

o u2 

-.J 
0 
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ANSWER SHEET FOR PARTS I AND II 

Direction s :  Blot out completely the letter corresp onding to your answer. 

Example : If your choice for the answer to item 1 i s  "a 11 ,  you will 
blot out the "a " c ompletely and the answer sheet will 
appear as follow s :  

1.  • b c d e 

Part I Part II 

1.  a b c d e 16 . a b c d 

2.  a b c d e 17 · a b c d 

3 .. a b c d e 18. a b c d 

4 .. a b c d e 19. a b c d 

5 .  a b c d e 20. a b c d 

6 .  a b c d e 21. a b c d 

7 · a b c d e 22  .. a b c d 

B .  a b c d e 23. a b c d 

9. a b c d e 24. a b c d 

10. a b c d e 25 . a b c d 

11. a b c d e 26. a b c d 

12. a b c d e 27 . a b c d 

13 . a b c d e 28 .. a b c d 

14. a b c d e 2 9. a b c d 

15 .. a b c d e 30. a b c d 

31. a b c d 

32.  a b c d 

33. a b c d 

34. a b c d 

35. a b c d 
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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 

pre sented them, are affected no t only by chanc e, but also by their own 

subc onscious thoughts .  It is  further stated that, given a particular 

group of numbers (e . g. ,  the series 1,  2 ,  3 ,  4, 5 ) ,  a subj ect will tend 

to shy away from the extreme s (in this case,  1 and 5) and will choo se 

an odd number over an even one . If this is  true, we should be able to 

assume that in any normal, unbiased sample , the subjects will show a 

tendency to cho o se one and five least fre quently, and to c hoose three 

most frequently, in the case mentioned above.  Therefore, our question 

is : Doe s  the sample we shall take give us reason to believe that this 

theory is true or false ? More specific ally :  Doe s the fre quency of the 

choice of the numbers vary significantly from number to number? 

(Note : In spite of considerable re search, the original source 

of this theory has not been determined. However, it is the theory and 

not the theori st that is of greatest importanc e.  It is thought that the 

theory is related directly or indirectly to an article published in 

Scientific American magazine , Vol .  199, No . 3 ;  September, 1958. The 

article, "The Ps,ychology of Imagination " written by Frank Barron, 

Research Psychologist at the University of California ' s  Institute of 

Personality Assessment and Research at Berkley ; is  concerned with tests 

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

Hypothesis 

The choic e of numbers i s  affected only by chanc e, and b eing 

affected only by chanc e, the proportion of their being cho sen is the same . 

Ho : P
l 

= p2 = p3 = P4 = P5 = p 

METHODS AND PRCCEDURES 

To gather data, a sample of fifty people was taken. Subjects 

from several different groups were cho sen to a ssure that the data would 

be unbiased. A whi te  card, such a s  the one outlined below, with the 

numbers 1, 2,  3, 4, 5 typewritten on it was presented to each subj ect. 

They were asked to "choose a number from this group . " This eliminated 

the use of the word "one " in such an expression a s  "choos e  one of these 

numbers . " The choices of the subje cts which had previous knowledge of 

the experiment or were ac quainted wi th the theory under stuqy were 

removed from the data. 

1 2 3 4 5 
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The method used to test the data under question was the X: test 

!£! equality of population proportions .  An alpha risk of 5 per c ent was 

used. The data c ollected and the analysis of the data follows. 

PRESENTATION AND DISCUSSION OF DATA 

The following data was c ollected in the manner described in the 

previous section. 

f
l 

f2 f3 f� f5 

17 � 16 I 
15 

� 
I 

� 14 I ID 
13 I I (I) 

0 
12 

� 
I ..c: 

C) 
11 I (I) 
10 I I ID 

.� 9 
� � +" 

8 I Ct-i 
0 7 

� � � J.. 6 I ID 5 I I I I ,D 

� 4 I I I I I 
3 I � � 

I I 
2 I I I 
1 I I I I I 

X 2  TEST FOR EQUALITY OF POPULATION PROPORTIONS 

No o fo f f 
( o- - e) (fo-fe )2 

1 4 ::t) 36 
2 8 -2 4 

3 1 7 7 49 

4 15 5 25 

5 6 -4 16 

2: = 130 



1. Is it reasonable to suppose that P1 � P2 I P
3 

I P4 I P5 I P 

f � = no . in sample = 50 = 10 e p no. of categories � 
2• Ho : pl 

= 
p2 • P

3 
= P4 = P5 = p 

3 .  � = 5%, test (b) . 

4. Reject Hypothesis if : 

x2 > x2 ( . 95 , df = 4)  
X2 ( . 95 , df = 4 ) = 9.488* 

5. Computed X2 : 2  ( fo - fef = 13 X = L: f e  

6..  REJECT HYPOTHESIS. 
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Using the x2 test f o r  equality o f  population proportions, we can 

assume, at the 5 per cent level, that there is a significant difference 

in the proportions under s tuey . 

SUMMARY AND CONC LUSIONS DRAWN FROM THE DATA 

Using the x2 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 x2 would become marginal 
* 

= 13. 277 ) .  Therefore we ma y  consider ourselves 99 per 

cent confident that this is true. It is notable tha t th ere is a signifi-

cant difference between the frequencies of two and four being chosen. 

�\Values taken from Standard Mathematical Tables, published by 
the Chemical Rubber Publishing Company. 
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Thi s may b e  due to the very nature of the digits themselve s, four being 

more "complicated� than two.  However, in order to prove this, a 

thorough study would be required. 
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I .  Th e  work here-in i s  the applied use of a few of the s tatistical 

procedure s learned in the past semester. It i s  a statistical 

estimate of the population of Knox County, one of the c ounties 

compri sing East Tenne ssee. 

II. The problem was to determine the population of Knox C ounty 

without making a house to house c anvaso 

III. The methods used to a ttack the problem are described in detail. 

They are � 

1.  The number of dwelling units in Knox County were 

obtained. 

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 unit. 

3 .  After the mean number of people were computed this 

number was multiplied by the number of dwelling 

units as an estimate of the population. 
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IV'o The presentation and di scus sion of data. 

The random sample s #  

4 
6 
2 
6 
5 
5 
2 
8 
4 
7 
3 
7 
2 
4 
2 
2 
2 
5 
4 
4 
3 
4 
2 
3 
2 
1 
2 
2 
2 
5 
2 
4 
3 
6 
1 
2 
2 
3 
5 
3 
2 
4 
6 
4 
1 
3 
5 
3 
2 
4 

5 
1 
1 
6 
2 
4 
1 
J 
3 
1 
4 
3 
5 
5 
1 
3 
4 
4 
2 
2 
4 
3 
4 
3 
4 
2 
4 
5 
2 
2 
3 
4 
5 
5 
3 
1 
3 
5 
3 
2 
1 
1 
4 
2 
4 
3 
4 
4 
3 
7 

These numbers repre sent 100 

randomly selec ted dwelling units 

and the number of occupants in 

each. 
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IV. The presentation and di scus sion of data cont. 

EX2 = 1371 

(EX) 2 = 112225 

N = 100 

EX = 335 

112225 
s2 - 1371 - 100 

99 

s2 - 1371-1122 .25· 
99 

s2 
= 248 .75 

99 

s2 = 2. 3105 

S = lo52 

60, 056 
3 . 35 

300280 
186168 

186168 
207, 787.6 An estimate of Knox pop. with 

sample of 100. 



IVo Cont. 

A list of f ornrulae used to arrive at conc lusion . 

(zx)2 

s2 "' ZX2 - n 
n-1 

s "" n - 1 

"" n 

The formulae used to c ompute the 
standard deviation. 

The formulae us ed to c ompute the 
variance o  

The formulae used t o  comput e the 
meano 

84 

V. The differe nc e in th is data may b e  attributed to s everal fac tors .  
These a re ll 

1.  Size of sample 

2. Information i s  from 1950 c ensus 

3. Inaccuracy of calculations 

BIBLIOGRAPHY 

1 .  Fundamental Statistic s for Busine ss and Economic s, Neter and 
Wasserman, 1954, page 34Bo 
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�uiz Number One 

1. Code the following data and c ompute tJ;l.e mean, variance, and standard 
deviation: 99. 999, 99. 990, 99. 997 ,  99. 999, 100.000, 99, 991 . 

2.  Each of ten values was reduc ed by subt3acting 0. 999 and the resulting 
difference s  were each multiplied by 10 • The sum of the coded value s 
was 6. The sum of the squared deviations from the sample mean was 
26.4. What are the mean, varianc e, and standard deviation for the 
sample in terms of the original data? 

Quiz Number Two 

1. A box c ontains 5 white balls and 4 black balls. If the balls are 
drawn one at a time from the box without replac ement, what is the 
probability that the balls will alternate in c olor '!'' 

2 .  If you are to draw 5 balls from the box in problem one, what i s  the 
probability that there will b e  3 white and 2 b lack balls in the 
sample? 

3. If you are asked to choose a number b etween 1 and 15, what i s  the 
chance that it is a multiple of 3 or 4? 

Quiz Number Three 

1. A student taking a true-false test consi sting of 10 que stions guesses 
at the answers. Assuming hi s probability o f  gues sing correctly to b e  
one-half o n  each question, find the probability that h i s  an swers will 
all be correct. 

2o  Using the Poi s son approximation of the binomial , what is thP oroba­
b ility that a student will answer two of the questions correctly? 

Quiz Number Four 

lo What is the probability that a value of X drawn from an ini. inite 
c ontinuous population having � = 8 and � = 4 I 
a .  will be at least 6?  b .  will be at most 9? 

c • .  · will be between 1 and 10 ? 

and 
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2. A supplier of a type of metallic strip guarantee s  that not more than 

thirteen strips in 101 000 will be narrower than one inch with a 
standard deviation of 0.06 inches. A sample of 49 s trips is  subjected 
to measurement and found to have an average width of 1.15 inche s. 
Using a 0. 01 level of significance, is the supplier meeting hi s  guar­
ante e ?  Set up the 98 per cent confidence interval estimate of the 
true mean. What size sample would be nec e ssary if it is  desired with 
98 per cent confidence that the sample mean be at most 0.002 inches 
from the true mean? 

Quiz NUJii:> er Five 

1 .  I t  ha s been asserted by some that the true proportion of people of 
race X having blood type 0 is  o.5o. A person types 1000 people of 
thi s race and finds that 540 have type 0 b lood. At the 5 per c ent 
level of si gnificance, is the assertion compatible wi th this  data? 

2 .  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 mile s/gallon. At the 1 per cent level of significanc e  on a 
symmetrical test, i s  this c onsistent with advertising claims that 
the average gas mileage for this model and make of car is 14 miles/ 
gallon? Set up the 95 per cent confidence interval estimate of the 
true mean gas mileage for the cars. 

Quiz Nl.Jlllber Six 

1. In a diet experiment using a c ertain 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 4 
ounces while the average weight gain for the animals receiving Diet 
B was 11 ounce s  with a variance of 5 ounce s2 • Is  it likely at the 
1 per cent level of significance that the diet has a real effect on 
weight gain ? Assume a common variance. 

2. At the 5 per cent level of significance could you say that the true 
variance of those animals fed Diet A was 4.5 ounces?  



88 

Quiz Number Seven 

1. Two groups of people (I and II) were interviewed with re spect to a 
certain problem. The following table gives the results of the poll. 

No Ye s Total 
Group I >0 -;a --roo 
Group II 70 130 200 

Total 120 180 300 

Are the two classificati ons independent at the 5 per c ent level of 
significanc e ?  

2 .  From a 6 x 3 contingency table a x• value of 9.30 was computed and 
the experimenter concluded that the result was significant. Do you 
agree ? 

Quiz Number Eight 

1. In tossing pennie s  32  times the following results were obtained: 

No. Heads 
o .  

Fre quency 
2 

1 10 
2 10 
3 4 
4 6 

Do these results differ significantly from tho se expec ted on the basi s  
of randomnes s  i n  the tossing ? 

2 .  From a sample of 1 7  observa tions with a � an  of 30 and standard devi­
ation of 2 ,  compute the 90 per c ent confidence interval estimate for 
the true population varianc e. 

Quiz Number Nine 

A company wishe s to know whether prac tic e in a certain sorting operation 
increases the quality of performanc e. Three groups of operators each are 
tested. Each group performed the operation for 34 minutes.  The rest in­
tervals between trials were 8, 21 and 0 minutes for Groups A, B, and c, 
respectively, and the numbers of trials for each group in the same order were 
5, 11, and 2 9. Numbers of correct classifications for each operator upon 
test follows : 

A B C 
� n- 5'4 
55 52 53 
53 51 52 

Code your data around 52 . Is there any evidenc e  at the 5 per c ent level 
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of significance that the amount of practice in this operation has a real 
effect on performance quality? 

�z Nunib er Ten 

In testing filter cigarettes for nicotine (X) an d  tars (Y) , the 
following values were obtained for 10 cigarettes :  ZX = 17.6, ZX2 = 33.46, 
ZI = 200.6, ZI2 = 4169. 86, !XY = 363.50. Does a significant relationship 
exist between the two factors? What tar level would you estimate from a 
nicotine level of 1.6? 
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First Hour Examination 

1. The following sample values have been c oded by subt5acting 0. 91356 
from each and then multiplying the difference by 10 • C ompute the 
mean, variance, and standard deviation for the se values :  21 -4, 6, 
3, -5, -9, 7, 8 ,  6, 9. 

2 .  In a class of 12  students, five are boys and the remainder girls. 
If two students are selec ted to represent the c lass on Honors Day 1 
what are the odds against their both b eing girls ? 

3. In a c lass election there are two parties. John is nominated by one 
party and the probability that he will be elected is 3/4 provided 
liilliam is not nominated by the opposition. The probability that 
William will be nominated i s  1/3 and the probability that he will be 
elec ted if nominated i s  2/3. What is the probab ility that John will 
be ele c ted? 

4. Drawings are made by simple random selec tion without replaceme nt 
from an ordinary deck of playing c ards. In 10 drawings ,  what is the 
probability of drawing at most 9 red cards ? 

Second Hour Examination 

I. An experiment is performed as follows : A cuts a well-shuffled deck 
of playing cards and ob serves the color of the cut card. As A cuts 
the deck each time B tried to read his mind and writes down red or 
black. If B has no talent and i s  gue ssing, what is the probability 
that in 10 such trials he will call 8 correctly? 

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

3 o  A shipment of elec trical switches is packed in boxe s of 100 eacho A 
box is inspected by examining 20 switches and rejec ting the box if any 
of the 20 are defective . What is the pr obability of rej ec ting a b ox 
c ontaining 3 defec tives if there are 8 defectives in the lot? The 
switches are tested one at a time . 

4. If you have two nickle s and two dimes in each p ocket, what i s  the 
probab ility that � 

a. drawing one coin at random, it will b e  a dime ? 
b o  after selecting a pocke t  a t  random, two coins drawn a t  random 

will not be alike? 

5. Given a normal universe with � = 0., 25, a2 = 0. 0049. If a single value 
of X is drawn at random, what i s  the chanc e that : 



a. it will differ from the mean by at lea st 0.10? 
b. it will lie within 0.12 units of the mean ? 
c .  the mean of a sample of size 25 will lie 0.0273 units or more 

above the mean? 

Third Hour Examination 
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1. It i s  believed that the average cigarette consumption of the American 
public i s  eight cigarettes per individual with a s tandard deviati on of 
four . A sample of 100 indivi duals was taken and the average cigarette 
c onsumption was found to b e  seven per person. What would you c onc lude 
about th e  basic assumption with respect to the average cigarette c on­
sumption? 

2. Compute the 99 per cent confidence interval estimate o f  the true mean 
for the above problem. 

3. What size sample would be required if the ob tained sample mean is to 
be at mos t  0.5 units from the true mean f or thi s  problem? 

4. A commercial producer of alcohol runs tests on ten two-ounce spec imens 
of his produc t to determine the concentration. He knows from past 
experience that his proce s s  has a variance of 36 per c ent . As a re­
sult of his test, the average concentration i s  found to be 90 pe� 
cent. I s  this average consistent with minimum government specifi­
cations of 94 per c ent concentration? 

5. A z-score of 0 on a tes t  would indicate what in de scribing a student ' s  
placement with respect to the rest of the class on a given exami­
nation ? 

Fourth Hour Examination 

1. The drained weights in ounce s  of a random sample of 12 c ans of a type 
of fruit are :; 

12.1, 11. 9, i2.4, 12.3, 11 . 9, 12.1, 12. 4, 12.1, 11. 9, 12.4, 12 . 3, 12 .0. 

Assuming that this sample i s  representative o f  the produc tion process, 
would you say that the a dvertised minimum average weight was 12 ounc e s ?  
Use the 1 per c ent level o f  significanc e  for your test. 
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2 .  Suppose i n  reality the sample mentioned in problem 1 was drawn from 
a population with a true mean of 11.5 ounc es instead of the hypo­
thesized 12 ounces .  Assume that the population standard deviation i s  
0.2 24 .  Under the three types of tests, what would b e  the probabilities 
of committing the Type II error? 

3.  What size sample would be appropriate for this canning operation test 
if it was desired that the probability of rej ecting the hypothesis 
be j ust 0. 90 if it is false and the pr obability of accepting the true 
hypothesis to be just 0. 95 while discriminating between the hypothe­
sized mean and any alternate mean at least o.5 ounces different ? 

4. a. Experience shows that 20 per c ent of a certain kind of seed 
germinate. Would you have reason to c omplain if only twenty­
five seeds out of a packet of 200 germinate ?  

b .  Compute the 99 per cent c onfidence interval estimate of the 
true population proportion for the sample given in 4-a. 

5. 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 used. Before proceeding with the experiment it was 
desired to know whether or no t the location of the cell bodies in 
the spinal cord would affec t  the conc entration of the test chemical. 
The control animals were sacrificed and the amount of the te st 
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 1.13 milligrams less than the left half with a 
standard devia ti on of 3 . 14. Is it a fair statement to say that the 
average difference in the chemical c ontent between the left and 
right halves in the control animals is zero? 
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