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AN ALGEBRA PLACEMENT AND DIAGNOSTIC EX NATION 

FOR PORTLAND STATE EXTENSION CENTER 

CHAPTER I 

INTRODUCTION 

At Portland State Extension Center all students are 

admitted who present a high school diploma or its equiva

lent. The lack of specific high school course require

ments in mathematics means that the mathematical prepara

tions of the entering students will be varied. Many of 

them will have taken only one year of general mathematics 

while in high school; others will have taken as many as 

four years of the more traditional high school subjects, 

algebra, geometry and trigonometry. A single mathematics 

course offering, therefore, is not suitable for all new 

college students. 

Provision must be made for the varied preparation 

students will have received in high school. Elementary 

algebra, intermediate algebra and geometry classes are 

provided for those who need them. College algebra classes 

are open to those students who come adequately prepared. 

The variety of preparations with which students come 

creates a difficult problem in placing them in the proper 

courses. 
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All students who intend to take mathematics are 

required to take a placement examination. This examina

tion was designed to help the student select the proper 

course with which to start his mathematical training. 

The examination was prepared by several members of the 

staff of Portland State Extension Center and revised as 

needed. Students are placed in the elementary, inter

mediate, or college algebra classes on the basis of their 

scores on the placement examination. The examination 

scores which were required for entry into the intermediate 

or college algebra course were set arbitrarily by someone 

on the staff. However, no study has been made of the 

success or failure of students who were placed by the use 

of this method. The large number of withdrawals and fail

ures in the intermediate and college algebra courses has 

indicated that this method of placement was not too 

satisfactory. 

School Situation 

Portland State Extension Center, located in downtown 

Portland, Oregon, is a part of the Extension Division of 

the State System ot Higher Education. It operates both a 

day and an evening program. In most fields of study, the 

course offerings of the day program are the same as the 

lower division offerings at the other schools of the state 
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system. The evening program offers upper division and 

graduate work in certain fields of study. In general the 

students look upon the day program as that of a junior 

college, and most of them plan to continue their educ.ation 

at other colleges. For the benefit of those who do not 

plan to go on to college, a few terminal courses are 

offered. 

The majority of the students live at home , and for a 

large portion of them it is necessar.y to work at least 

part time in order to go to school. The results of a 

recent survey indicated that most of the students felt 

part-time employment was necessary, and that approximately 

half of the students are working. 

Most of the students are graduates of one of the ten 

large city high schools or of high schools in the Portland 

area. Generally these schools provide a dual mathematics 

program: (a} general mathematics for those whose interests 

lie outside of the field of science, and (b) the tradi~ 

tional high school mathematics courses for those who wish 

to take them. Some students who have taken as many as 

four years of the traditional high school mathematics 

courses are only prepared for beginning algebra when they 

start their college work. 

Few of the entering students have had more than one 

or t wo years of high school mathematics to their credit. 
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Often these courses were taken in the first two years of 

high school, and much of the material learned in these 

courses will have been forgotten by the time the students 

enter college. The college, therefore, has found it nec

essary to provide courses at the high school level for 

those students whose background was deficient; these 

review courses are offered in elementary algebra, inter

mediate algebra and in plane geometry. 

Though all of the instructors in the mathematics 

department teach some review courses, most of these courses 

have been taught by instructors from other departments, 

such as engineering, chemistry, physics, business and lan

guages. Each instructor, of course, emphasizes different 

topics and uses different methods of instruction. These 

courses in general have emphasized the manipulative skills 

and rote processes, rather than generalization and trans

fer of processes. 

Reasons for Mathematical Placement Problems=.;..=...;;;...;..;.-.- . 

The entering students• lack of competence in regular 

college mathematics work may be due to the fact that the 

high school offerings were too limited. This is partic

ularly true of many of the smaller high schools, but may 

also be true of larger ones. Schorling states that this 

lack of competence "is due in part to the fact that too 
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many administrators, guidance workers, teachers and others 

fail to realize the large number of persons who are now 

needed to do scientific, professional or other highly tech

nical tasks of odern societyn .(171, p.26). High school 

students too frequently lack reliable information about 

the mathematics needed on jobs and in professional careers. 

A lack of knowledge of the applications of mathematiC!$ to 

engineering, agriculture, mining, medicine , and the like 

on the part of high school teachers is usually responsible 

for this situation (171, p.27). 

According to Benz (14, p. 341), "Many colleges and 

universities, especially in the Hiddle est and Far West , 

do not require evidence of the successful pursuit of alge

bra and plane geometry f"or entrance." High school stu• 

dents who plan to go on to college will be influenced to· 

a considerable extent by the college entrance require

ments . 1-!a.ny of those who plan to go on to college will 

not take algebra and geometry if these courses are not 

required for entrance by colleges in their community. 

Among high school students who do not take a college 

preparatory course are many who plan to go directly to 

work,. These students may omit mathematics from their pro

grams. This group is usually of lower mental ability, but 

may also include others who cannot plan for college 

because of economic or other conditions (14, p.338). Some 
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of these may later go to college. For them the choice of 

a major field which requires mathematics may necessitate 

a program which is longer than most students' because of 

their deficiency in mathematical preparation. Such stu

~ents should be made aware of this situation at the ear

liest opportunity, as financial or other considerations 

may make an alternate choice more practical. 

Entering college students reveal wide differences in 

their ability to do college mathematics. Tiegs states 

that the wide differences in ability found among those who 

present the same credentials constitute a difficult guid

ance problem at the college and university level. High 

school graduation does not at present guarantee any degree 

of competence (190 , p.255). The same variations in back

ground were noted in a study made by Held (87 , p.39) even 

among students who presented evidence of the same courses. 

Occasionally a student has so little mathematical 

ability that he should not attempt any mathematics course 

whatsoever while in college (171, p.25). Brown says that 

this does not occur as frequently as is generally believed. 

He cited Laura Guggenbull's conclusion that among the stu

dents who failed a college mathematics course only one in 

thirty ever made an ! in any college course, while five 

out of six who failed in mathematics courses also failed 

at least one other course (20, p.26). The student who has 
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no mathematical ability should be discovered a.s early as 

possible, so that he can choose a program which is more 

appropriate for his interests and aptitude. 

Since entering students have a variety of backgrounds 

in mathematics, it is necessary to establish criteria for 

selecting the proper course with which to begin their 

mathematical training . Three courses are offered for 

beginning students: (a) elementary algebra, (b) interme

diate algebra, and (c) college algebra. The student's 

lack of familiarity with these courses makes-- it impos.sible 

for him to choose properly among the three. Those who are 

familiar with the courses cannot help the student select 

the proper course unless they have some method of eval

uat.ing the student's ability to do work in college 

mathematics. 

Proper placement is of importance tQ the student for 

two reasons: (a) to prevent his enrollment in a course 

which is too advanced and in which he would be unable to 

do satisfactory work, and (b) to prevent his enrollment in 

a course which is too elementary. The first is of impor

tance because a student may become discouraged if the work 

is too difficult for him; further, if he fails the course, 

the grade becomes a part o:r his permanent record. ·The 

"' 



second situation may leave a student bored and disinter

ested , and consequently may cause the development of care

less study habits. Either situation may hinder the proper 

development of the student in his studies and therefore 

should be avoided. 

The use of high school records in the placing of 

freshman college students in mathematics classes is unre

liable because mathematics is one of the subjects which is 

most readily forgotten if not used constantly {17:3 , p . 4) . 

This problem has been of special significance since World 

War II because many students have not gone directly from 

high school to college. By the time they return to school 

after an interruption of several years, students have for

gotten much of the mathematics which they had previously 

learned . Monroe notes (140 , p. $85), in reference to col

lege work, that there was "a tendency for any record to 

lose prognostic value after a year or two and that the best 

single indicator of success in any given semester is the 

previous semester's record. These findings have been con

firmed by numerous studies . " 

The mathematics staff of Portland State Extension 

Center has continually rejected the use of available stand

ardized examinations because: (a} they do not follow the 

course content closely enough, and (b) the norms provided 

are not based on the group on which they are to be used. 
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The staff agrees with Ross that "For purposes of ~lassifi

cation what is needed is a set of norms for the school 

itself•••• the more specific the norm the more useful 

it becomes" (163, p.307}. 

The examination which has been used in the past is 

unsuitable for placement purposes because: (a) it is dif

ficult to score, (b) no norms have been established and 

(c) it was not prepared from a careful study of the course 

content. The difficulty in scoring is mostly due to the 

fact that each answer must be read. The person scoring 

the examination must decide whether the answer is accept

able if given in an equivalent form. 

Purpose and Scope of the Study 

This study was undertaken; (a) . to develop algebra 

examinations to be used for placement purposes at Portland 

State Extension Center, and (b) to establish some meaning

ful norms for their use at Portland State Extension Center. 

The contents of the elementary and intermediate alge

bra courses were studied, and examinations for each were 

prepared. These will be referred to as Part I and Part II 

respectively. The examinations, in preliminary form, were 

given at the end of the fall term of 1952 to all elementary 

and intermediate algebra classes at Portland State 

Extension Center to determine the scores that can be 
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reasonably expected of students who had completed these 

courses. From a study of the preliminary forms of the 

examination and from the data obtained on the fall term 

groups, a shortened form of each test was prepared. Items 

for the short forms were selected on. the basis of their 

validity and reliability, as well as on their relation to 

the aims and content of the courses. 

After the selection of the items for the final forms 

of the examinations, the papers were rescored on the basis 

of these items. This was done to provide a score for each 

student on the new forms of the examinations. Correlation 

of these scores wi th the grades earned winter term gave an 

estimate of the usefulness of the test in forecasting 

grades for the following term. The shortened revised forms 

of the tests ~ere then given during winter term to the ele

mentary and intermediate algebra classes to determine the 

reliability of these forms. 

In the fall term two hundred fifty-two students took 

Part I of the examination and one hundred six took Part II. 

The size of these groups was similar to other studies (22, 

pp. 272,27S; 171, p.7; 7, p.241) and was sufficient l y large 

to provide adequate data. 

Limitations of the Study 

It is not the purpose of this study to develop algebra 
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examinations for general use, nor to develop national or 

regional norms. To be most useful an examination must be 

standardized on the group on which it is to be used (37, 

pp.75-77). For this reason the examinations used in t hls 

study were not given at other schools in the area or in 

other regions. They were not given to high school students 

for the same reason. 

To give the examinations in other localities would 

necessitate more general types of examinations. It would 

then be impossible to follow the content of the courses at 

Portland State as closely as was done in the preparation of 

t hese examinations. The development of standards based on 

students' scores at other schools would decrease the effec

tiveness of the examinations for the purpose for which they 

were intended. 

Any set of criteria which may be established for the 

placement of students is not infallible. Changes of inter

est may cause a student whose examination indicates high 

capability to do unsatisfactory work in a course. Illness, 

outside work, and other factors may interfere with the 

achievement of a student who is ot nerwise able t o do sat

isfactory work (193, p.293}. On the other hand, students 

whose schooling has been interrupted may quickly recover 

and find themselves in a course which is too elementary. 

These personal factors often make placement tests seem 
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unreliable. 

Factors which prevent a capable student from doing 

satisfactory work should be located by the counseling pro

g~am if possible. A good guidance program can help solve 

problems of this type as they arise. An examination which 

is given at t .he beginning of the school year is not capable 

of predicting circmnstanees which may arise later. 

Procedures · ~!!!.~ S.tudy 

The development of the examinations used in this 

study included the following: 

1. The aims of the courses were stated and 

used as a basis for the selection of test items. 

2. An analysis of the course content was made 

for the elementary and intermediate algebra courses 

and used as a basis for the selection of test items. 

3. Objective algebra examinations were prepared 

in preliminary form and used to determine the scores 

which can reasonably be expected of students who have 

completed the courses. 

4. The validity and reliability of the examina

tions were studied. 

5. An analysis was made of the test items for 

the purpose of selecting the better items for the 

final forms of the tests. 
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6. The tests were rescored on the basis of the 

items to be retained in the final forms of the exam

inations. These revised scores were compared with 

the grades earned in the following course to establish 

the validity of the tests for predicting grades . 

These scores and grades will provide a basis for use 

of the tests in placement. 

7~ The reliability of the revised forms of the 

examinations was studied. 

8. Diagnostic charts were prepared for use with 

the revised forms of the examinations to aid in the 

location of areas of difficulty. 

Si&nifieance 2f ~ Study 

An examination based on the content of the courses 

which are given at Portland State Extension Center will be 

more reliable for guidance purposes than one which has 

been prepared for national or regional use. Standardized 

examination scores are usually interpreted in the light of 

national norms; as a result they are often inflexible and 

too general in scope to meet fully the local requirements 

(163, p.l84). Data based upon the group on which the test 

is to be used will be ore significant than data from any 

other group. Thus, this examination can contribute to bet

ter counseling in helping the new student to prepare his 
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program. 

Fewer failures should result from the placement of 

students in courses commensurate with their abilities. 

Students who need to repeat elementary work, which they 

may have taken at an earlier date, can be shown this. need 

in a manner which is understandable to them. This is 

essential to a good guidance program. 

Diagnosis of difficulties at an early date will pro

vide a better opportunity for the student to remedy his 

problems. Remedial work will be more useful to the stu

dent if his difficulties are discovered before greater 

obstacles are encountered in more advanced courses. If 

deficiencies are limited to certain specific areas, the 

student may be able to remedy them without repeating a 

whole course. This saves time by allowing the student to 

proceed to more advanced work without repeating material 

that he has already mastered. 

Mathematical difficulties which are so acute as to 

make the student 1 s success doubtful should be discovered 

at the earliest possible date . Proper counseling can then 

be used to make the student aware of the implications of 

his difficulties, including the possible extension of his 

training over a longer period of time or the assumption or 
a heavier academic load. Only if the student is aware of 

his di£ficu1ties can he cope with them. The existence of 
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deficiencies in ability to do successful work in college 

mathematics can best be shown through a comparison of 

actual performances by students who have taken the courses . 

Then the basis on which conclusions are founded can be 

made understandable to the new student. 
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CHAPTER II 

PREDICTION OF SUCCESS IN MATHEMATICS 

College Entrance Requirements 

The secondary mathematics program has always been 

closely related to college entrance requirements. Due 

largely to the influence of the academy, algebra was rec

ognized as a requirement for college entrance in 1820; 

geometry, in 1844 {104, p.420}. Since then the prom

inence of mathematics in the secondary curriculum has 

fluctuated considerably. The most pronounced rises in 

popularity took place prior to 1920 and during the impact 

of World War II; the greatest recessions occurred during 

the decade immediately preceding the last world war (24, 

pp.l2-13). 

From 1890 until shortly before World War II, the 

trend in the United States was toward the requirement of 

one year each of algebra and geometry for college entrance. 

Fine (24, p.29) considered these courses typical require

ments for college entrance in 1946, though he noted that 

there was an increasing number of colleges which did not 

insist on these courses. This decline in mathematical 

requirements has influenced the place of mathematics in 
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the secondary school curriculum. 

Place of Mathematics in ~ Curriculum 

During the latter part of the nineteenth century (24, 

p.2S), a trend towards a new arrangement of subject matter 

in the high school mathematics program began to develop. 

This trend resulted from a demand for a more functional 

mathematical program. The demand arose from students who 

did not plan to go on to college and from those who found 

algebra too difficult. Courses which were developed as a 

result of this trend were designed to include topics from 

various fields of mathematics and to bring about a better 

integration of subject matter. "Previous to the last 

world war these coqrses were becoming quite common. .. 

However, the prescribed military programs forced a quick 

return to the manipulative mathematics of a traditional 

type." (143, p.24) 

The trend before World War II was to relegate mathe

matics to a secondary place in the school curriculum (132, 

p.291). This was due in part to the increased emphasis 

on the social sciences. Another cause may have been the 

outmoded subject matter and methods which were sometimes 

found in mathematics courses {179, p.76). 

In the schools of the armed forces there was 
considerable t .estimony to the effect that too 
many men with good native ability came to the 
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technical jobs of the Army and Navy with no 
clear understanding of such important con
cepts as vector, tolerance, interpolation,
representative fractions, scale drawing, tan
gent of an angle, micrometer, vernier, gage
block, metric system, practical constructions, 
logarithms, and the slide rule. Yet these are 
among the very things that would have added 
vitality and eaning to the abstract symbolism 
and theory which their former mathematics 
teachers struggled to teach them (179, pp.76
77). 

During World War II there was considerable criticism 

of the secondary mathematics program because of the great 

deficiencies in mathematics found among the members of 

the armed forces. Hedrick (86, p.253) termed the shortage 

of people trained in mathematics "the Pearl Harbor of 

education." This shortage was due to the fact that many 

students took only a general mathematics course while in 

high school. As college entrance requirements relaxed, 

many who planned to enter college often took only a single 

year of mathematics while in high school. 

The changes in high school mathematics courses 

brought criticism from the colleges, as students often 

were not prepared to do college work after graduation from 

high school. Colleges then found it necessary to give 

courses which had formerly been taught in high school. As 

some beginning students were prepared to proceed to col

lege mathematics while others lacked preparatory courses, 

a decision had to be reached concerning the proper course 

in which the entering student should be enrolled. Kossack 
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classes this as a recent proble1 : 

A few years ago this problem was non-existent. 
since students were ssigned to one standard 
beginning course, usually college algebra. In 
recent years the amount of high school mathe 
tics bas beeo e so variable that coll ges have 
been forced to introduce new freshman the 
tics courses. With the advent of these new 
courses ca e the problem of place ent ( 114 , 
p . 2JI.) . 

ethods ,2! Predicting thematical Success 

V rious methods have bean used £or predicting achieve

ment in tb tics courses with varying degrees of suc

cess. According to Monroe (140, P•722), 

The order of merit in accuracy of prediction 
ot mathematical achieve ent at the secondary
level is: (a) good prognostic tests, (b) math
ematical marks for the previous year, (c) in
telligence quotient, {d) mental age, (e)
achieve ent testa in arithmetic and algebra,
(t) verage mark in previous years. 

Prognostic tests. Prognostic tests in the tics 

have been designed for use in predicting succ-ess 1n algebra 

and other courses. Such testa, however, are intended to be 

given to students before they begin the study of algebra. 

This makes them unsuitable at th · college level because 

many of the students will h ve studied at least the ele

ntary topics of algebra while in high school . Otbera 

will have considerable work in algebra to their credit. 

thematic:al marks !:2!: JJ!! previous I!!£.· y stu

dents will not enter college directly from high school. 
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Others will not have studied algebra for several years 

prior to college entrance. School records lose their value 

for prognosis after a year or two (140 ,, p.890). Therefore, 

mathematical marks are not suitable criteria for placing 

students in algebra courses. 

Intelligence quotient and mental age . Mental age has 

been shown to have some predictive value in mathematics 

for high school students (140 , p . 722). It is unsuitable 

for older adolescents and adults "since performance ceases 

to improve regularly as maturity is reached. There is 

little difference in test performance between 15-year-olds, 

18-year- olds, and 21-year-olds" (37, p.ll9) . Since the 

intelligence quotient is based upon mental age, it is like

wise unsuitable. 

Achievement tests. According to Lindquist, the pre

diction of success in a particular course from an appro

priate achievement test may be better than the general 

prediction. He says, "this is particularly true in the 

physical sciences and mathematics. In these fields it is 

not unusual to obtain correlations in the neighborhood of 

. 60" (122 , p.92). Mathematical achievement tests are 

widely used to predict success in college mathematics and 

to place pupils. Keller and Jonah studied placement and 

concluded that "preliminary assignments should be made on 

the basis of a mathematics training test given prior to 
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~e beginning of classes since thi is th est single 

criterion ~ ·U bl " ( lOS , p . 355) . o sack lso d sig

nated this as the most important criterion £or p cing 

student (114, p.2)7). 

Average ~ in erevioua xears. For entering students 

average ks are n.ot suitab~e criteria £or prediction of 

sueces thematies . It 1 difficult to val

uate properly records of student who come tro various 

high schools (aunr , p. 6}. For pl ee nt purposes average 

rks are unsuit ble for the s re sons a thematics 

s , which wer discus ed bove. According to th list

ing or i<>nro , this is the le stt reli ble of hi six 

criteria. ~nro , in s risin other studi , found 

di n corr lation of the tics d with previous 

school r of . )7 (140, p. SSl). 

Se'Ter: 1 uthoJ"s have reported 11 ted results iUl 

various type of crit eria for predictin.g grad s in coll g 

math tics. The ethods are not a efficient s is desir

able . Correlations or grad s with ntal t st. scores re 

typic lly in th range fro .40 to . 50 (37, pp. 264- 26S) . 

81gb school des b ve be n shown to only t ir pre

dictions. rt , in d1 cue in eollegiat th tic , 

int ined that "th collegiat perfo nee of student 

is not significantly f.fect d by t quantity ot s condary 

th tics hich be presents t ntr nc to college" 
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(81 , p. 356) • 

Those studies which have de use or mathematics 

tests for predicting grades have usually indicated that 

this method is a more reliable procedure than others 

(140 , p.88l and 8), p.4)4). The chieve ent test seems 

to furnish the only method of obtaining correlations with 

grades above .50 with any degree of frequency. 

~o previous study of the success of placement proce

dures has been made at Portland St te. ost of the math

ematics staff members believe that the placement procedures 

could produce more satisfactory results. For prediction of 

success in college thematics it appears from the above 

that an chieve ent test offers the most probable success. 

For this reason this study s undertaken to develop an 

algebra achievement test. 
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,CHAPTER III 

OBJECTIVE EXAMINATIONS 

Examinations are probably as old as formal education. 

China, for example, used written examinations as a part of 

the civil service system as early as 2200 B. C. (161, p.l). · 

The early types of examinations were essay or oral. These 

forms of tests were accepted and used with little or no 

improvement being made until recent times, mainly since 

World War I . The historical development of testing is 

summarized by Ross (163, pp.27-64). 

Essay examination scores may be influenced by factors 

such as the quality of spelling, handwriting, and English 

usage, as well as bluffing {163, p.l57). Also, the limited 

sampling which is possible with an essay examination tends 

to keep the reliability low. By using more questions, the 

objective test reduces the chance of a student getting a 

"lucky break" in the selection of questions (37, p.74). 

trEssay tests, no matter what their merits may be, are com

monly considered impractical if the number of subjects is 

at all sizable, because of the great difficulty in scoring 

them reliably and because of the time required to score 

them" {4, p.6). In spite of the criticisms of the essay 

type examination in recent years, it is still accepted as 
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the best type of examination for showing the student's 

ability to express himself in the language. 

One o£ the first persons to criticize the traditional 

forms of examinations and to point out the need for im

provement of the validity and objectivity of measuring 

devices was Horace Mann (165, p.2}. It was not until 1920, 

however, that McCall published an article s~ggesting the 

objective type of examination (163, p.30). During the 

next ten years, many books and articles appeared which 

urged the use of the "new-type" examinations. Much work 

was done in developing various types of objective test 

questions and .in improving the results of these tests. In 

more recent years, as the new-type test became more widely 

used, there has been considerable emphasis on the develop

ment of statistical procedures for the scoring and improve

ment of tests. 

Objective examinations are "those in which the answers 

are scored • • • in such a way that all judges would agree 

as to the score assigned ••• for each person" (37, p,l6). 

The examination score must also be such that it will not 

fluctuate from one time to another when scored by the 

same individual. Ruch (166, pp.91-96), Starch and Elliot 

(37, p.74) and others (161, pp.2-6) have shown the low 

reliability _of grading examinations of the essay-type, 

both when scored at various times by the same instructor 
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and when scored by different instructors. 

Objective tests provide a large number of small units 

for grading instead of a small number of large ones, and 

by the exclusion of extraneous and unrelated material from 

the answers, reduce the opportunity for bluffing. A stu

dent, even though he may know little or nothing about a 

question, can usually add a few points to his score on an 

essay examination by writing something which may be only 

remotely related, or entirely unrelated, to the question. 

Types 2f Objective Examinations. 

There are two methods of classifying objective exam

inations: according to purpose, or according -to type of 

question. Ross classifies objective tests according to 

type of question into two main groups (163, p.127): 

(1) recall types, and (2) recognition types. 

Recall types. Recall-type questions are those which 

ask a direct question which can be answered by a single 

word or phrase; or they may be a sentence with an impor

tant word omitted which is to be supplied by the person 

writing the test. These two tYPe-s of questions are widely 

used in the classroom and often occur on standardized 

tests. 

In long tests .. however, recall-type questions become 

difficult to score as they require a reading of each 

answer, which is an unwise procedure (166, p.1a4). Answers 



to this tYPe o! question will not be uniform; th person 

correcting the aper must t;ben ke decision s t .o 

whether or not the answer is ace pt bl • hen thi is 

n cessary, objectivity is lost and extra t" · i required 

in scoring. Tr vers states, "It is almost possible to 

d(l-velop a completion it.ef:l far wh.ich the eorrect. answer bas 

only one possible form• (191, p . 40). Because of the fact 

t;hat thematical expres ions can often be expressed in 

alternative forms , this type of test was not con id red 

s tisfactory for the purposes of this study . 

Recospit1on t.nes.. Several f'orm.s of the recognition 

types ar : alternative- response (true- false} , ultiple

choice, tching, re rrangement, iden~itication , analogy 
' and incorrect st tEm4 nt . The fir t thre ar th t 

commonly used forms . Each of thea typ a has its own 

dvant. ge. nd disadvantages ,, with soae que.stions more 

uitable to one form than to the others. 

!l~e!,D!.t,!.v_-,teJ.P.e.n~e. Among ~he recognition types 

of xamitlat.ion the alternat.ive- re ponse (true- false) bas 

the advantage of requiring the 1 st time per qu stion. 

Tb~s fo permi~s a greater number of questions than any 

of the otb rs, bich adds ·to tb cotUprehensivene and to 

the r liability of the exami tion. However, cucb or this 

dvantage is lo t in scoring e use of the higb propor

t-ion of" eorreet respona·es which y be due to guessing. 
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ethods of correcting for guessing have been developed 

(155, p.l63), but they add to the difficulty of evaluating 

and interpreting results. Questions of a mathematical 

nature, especially when computations are involved, are not 

particularly suited to this type of question. 

~~tching. ~~tching questions are useful but are 

limited by the number of questions which may be used . Only 

ten to fifteen items of this type should be used because 

further increase in the number decreases the reliability 

{91, .p. 7). Such questions can then be used in a long test 

only by having a short section of matching questions , 

uhile the rest of the test must be made up of other types 

of questions. 

If more than one type of question is used on an exam

ination, it is usually necessary to develop some procedure 

for assigning different weights to different types of ques

tions; this contributes materially to the difficulty of 

scoring. It may also require t he various parts of the test 

to be timed separately, which adds unnecessarily to the 

difficulty of administering t he test. \Vhen a timed test 

is administered by more than one person , careful ti~ming is 

necessary, or the results will not be co parable. For 

these reasons matching questions were not included in the 

examination used in this study. 

1~lt!Ple-£h£i£e. The multiple-choice test offers most 
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of the advantage of speed that is possible through the use 

of an alternative-response type of test (157, pp.367-372). 

The comprehensiveness which is possible with a multiple

choice test is nearly as great as for any of the other 

forms of objective tests. The multiple-choice question is 

easier than the recall, because it is possible to recognize 

more on the basis of previous experience (study:,. hearing, 

lectures, etc.) than can actually be recalled (148, p.l3). 

Other advantages are similar to those for the recall-type 

question. 

The number of choices to be offered on each multiple

choice question usually ranges fro t'lfro to seven. If only 

two are used , this form has all of the disadvantages of 

the alternative-response question and no additional advan

tages. At the other extreme, if seven responses are used 

it may often be difficult to select a sufficient number of 

responses which are apparently logical or acceptable . If 

they are not, then the various responses do not attract 

equally and seven choices are not actually being offered. 

Ruch advocates the use of at least four or five responses 

in order to minimize the chances of guessing the correct 

response (166, p.275). Ordinarily, all items should have 

the same number of answers (70, p.l94); for most practical 

purposes this limits the number of choices to four or five. 

All of the objective-type examinations have one very 
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distinct advantage over the essay-type; namely, that 

expertness in preparation of examination papers is sub

stituted for expertness in correction of papers (148, 

p.l3) 0 uch of the time and effort expended in the prep

aration of objective questions can be used in the develop

ment and construction of future examinations while time 

and effort used in the scoring of papers are lost. 

Another advantage of objective-type examinations is 

that the use of a large number of questions reduces the 

effect of coaching. Only a small portion of the questions 

can be passed on from one class to another. Conversely, 

on an essay examination in which only a few questions are 

used, it is easy for students to pass the whole examination 

on to members of the next group. If used only on an incom

ing class, coachfng probably has little or no significance. 

Hopkins states that the results of coaching when an objec

tive examination is used from one period to the next, or 

.from one year to the next, are negligible (91, p.7). Later 

use of objective examinations has shown that Hopkins over

estimated this advantage. 

With regard to a test which is to be used for diag

nostic purposes, Rinsland writes (161, pp.JOJ-304), "The 

objective form of test lends itself to detailed diagnosis, 

and this is one of its characteristics that make it so 

greatly superior to the usual essay or subjective 
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examination. • • • The very nature of the objective test 

permits the measurement of detail." One of the purposes 

of the test used in this study is to serve as a diagnostic 

test. This is one of the reasons that it was developed 

as an objective-type test. 

Objective examinations may be divided according to 

purpose into achievement, placement and diagnostic exam

inations. These will be discussed below. 

Achievement Examinations 

"The distinguishing characteristic of an achievement 

test ••• i s that performance in a given 'field,' whatever 

the limits of the field, is expressed in terms of a single 

score" (85, p.24). The field may cover broad topics such 

as mathematics, history, or English, or it may cover more 

specific areas. Usually such tests are designed to cover 

a single school subject such as algebra or geometry or 

· some area within such a subject. Tests of educational 

achievement are usually designed to easure the amount of 

learning that has taken place in specialized fields. 

Since the achievement test expresses achievement in 

terms of a single score, it is best suited for ranking the 

pupils in a given group in the order of their total 

achievement within the given field (85, p.23). The pur

poses of achievement tests are set forth by Greene 
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(69, pp.48-5S) as follows: 

1. For comparison with other pupils. 

2. For comparison with other classes. 

3. For measuring the efficiency of instruction. 

4. For class diagnosis. 

5. For individual diagnosis. 

6. For pupil gradation and guidance. 

1. For obtaining advance information about 

a class. 

S. To check progress from time to time. 

9. For determining the placement of a pupil 

entering the system for the first time. 

10. For the purpose of locating pupils of 

superior ability. 

Cronbach maintains that an attempt to predict under

lies · every use of testing, and that prediction is the 

ultimate justification of the achievement test. Testing 

is used for prediction of the pupil's ability to carry on 

some future activity; this is true even when used to 

establish a grade for a course, even though the teacher and 

pupil may overlook this aspect of the test results (37, 

pp.9-10). 

According to Cronbach, "achievement tests attempt to 

determine how much a person has learned from some educa

tional experience" (37, p.270). This is one of the 
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purposes for which the tests used in this study were pre

pared. It is important to determine how much of the 

material the student retains at the time he enters college. 

Only if the student retains a sufficient knowledge of the 

topics which are covered in elementary and intermediate 

algebra classes will he be ready to do more advanced .work. 

Traxler divides achievement tests into two types: 

survey tests and diagnostic tests (195, p.l90). The sur

vey test records the pupils' total scores; these can then 

be used to determine a student's overall relation to the 

group, or they can be used for the purpose of determining 

the level of the group. This type of test may be useful 

in locating individuals whose achievement may be too low 

for them to do successful work, or may be used to indicate 

those who need further scrutiny through the use of a diag

nostic procedure. "The same test may, of course, be 

intended to serve both of these immediate objectives; 

that is, it may at the same time be considered as a test 

of general achievement in a given field and as an instru

ment for diagnosing achievement within that field" .(69, 

p . 214). 

The · use of an achievement test may hide the fact that 

in certain types of achievement within a field an individ

ual may deviate significantly from his own general level. 

A student may make a high total score on a general 
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ach~evement test and still be relatively weak in certain 

areas. It is not always necessary, however, to analyze 

each field into homogeneous skills, traits, or abilities 

to get a meaningful result. "Rather, we recognize the 

limitation and accept it in exchange for the greater con

venience in administration and interpretation of a single 

general achievement test as compared to a diagnostic bat

tery of tests of special abilities" (e5, p.2e). 

Placement Examinations 

When used for the purpose of segregation, examinations 

are referred to as placement examinations. These examina

tions should not be used only to locate the students who 

are likely to have difficulty, though that is the use to 

which these tests are usually put. It is equally important 

to locate those of superior ability and unusual aptitude 

(24 J p • 217 ). 

One of the most difficult tasks which the teacher has 

is that of determining t he proper placement of the pupil 

(70, p.lOO). In the lower schools many things such as 

social and emotional development, chronological age and 

ability as well as achievement are taken into account in 

the placement of pupils. At the college level, however, 

achievement is customarily the main basis for placement . 

As indicated above (supra, p.e) , high school records are 



34 

not satisfactory for placement of beginning college stu

dents, particularly in the field of mathematics. 

~cCall notes that some educators believe that groups 

which are homogeneous in ability will make more satisfac

tory progress, due to the fact that the teacher can teach 

the group much as a single unit (130, p .l56). The needs 

of all pupils are then similar and the work can better be 

adapted to all of the students in the group . This matter 

is of considerable importanee 'where students have such a 

variety of training and ability as do those covered by 

this study. Without segregation into the three groups, 

elementary, intermediate and college algebra, it would be 

extremely difficult to meet the needs of the pupils in 

any course. 

Diagnostic Examinations 

Any achievement examination can be used for diagnos

tic purposes if the time and trouble are taken to classify 

and tabulate the errors. "There is no sharp dividing line 

between achievement tests and diagnostic tests" {135, 

p.356). In a sense all tests are diagnostic (70, p .l9) in 

that they yield information about the pupil taking the 

test. The main characteristic of the diagnostic test which 

makes it distinct from the usual achievement test is that 

it yields records or scores on various parts of the test. 
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A diagnostic test • • • is one intended to 
discover specific deficiencies in learning or 
teaching. It is a test in which a single total 
or composite score is of little or no signifi
cance, but on which the part scores or the per
centages of correct responses to individual 
items are the measures sought. Tests may be 
diagnostic in various degrees (E!5, p.25). 

Greene (69, p.39) defines this type of test as "A test 

which yields separate measures of specific a~ilities • • • 

because it points out or diagnoses the specific weakness 

of pupils." These definitions place emphasis on the loca

tion of weaknesses. 

Woody (207, p.371) describes diagnostic tests as 

those which give scores indicating the relative strengths 

and weaknesses in various phases of a subject or ability. 

Cronbach (37, p.2S4) similarly extends the description 

to include both strengths and weaknesses: "A diagnostic 

test attempts to determine, not the level attained, but 

the specific strengths and weaknesses of the student." 

The determination of areas of strength, though frequently 

overlooked, is just as much a function of diagnosis as is 

the location of areas of weakness. 

The diagnostic tests serves an entirely different 

function in the analysis of the individual than does the 

achievement test, and both have their place in guidance 

(35, p .2). The former is designed to emphasize the dif

ferences among characteristics of the same individual, 

emphasizing his strengths so that he may capitalize on 
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them or his particular weaknesses so that he may adapt to 

or correct them. (37, p.lO) .. It is not necessary to limit 

the use of diagnostic tests to individual analysis. They 

may be used either to identify particular strengths or 

weaknesses on the part of an individual student or of a 

elass as a whole. The loea.tion of defects in individuals 

and in classes is one of the most important and helpful 

tea.ching procedures. 

According to Lindquist (122, p.J7), diagnostic tests 

are for the purpose of determining the status in a learn

ing sequence. They are administered after a period of 

instruction to determine points of faulty or inadequate 

learning in a detailed and analytical manner with a view 

to correction. He lists the following as functions o£ 

diagnosis (122, p.J6): 

1. Provide a bas-is for predicting individual 

pupil achievement in each learning area. 

2. Serve as a basis for the preliminary group

ing of pupils in each learning area. 

J. Discover special aptitudes and disabilities. 

4. Determine the level of problem solving 

ability. 

Cronbach (37, p.284) says, "The teacher cannot teach effec

tively unless he knows just what is wrong with the 

student." 
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The teacher must analyze pupil difficulties either 

with or without a diagnostic test. The diagnostic test is 

designed to call attention to the various aspects of the 

subject where the pupil might have difficulty or make 

errors. If the teacher who gives the tests uses a careful 

survey, then the instruction can be built around the needs 

of the pupils . Greene states (70, p .301), "the underlying 

purpose of all testing is the accurate determination of 

class and individual pupil difficulties to the end that 

remedial instruction may follow." 

There is a ne ·d for a continuing process for deter

mining the status of the pupil in any given area of 

achievement and need for continuous adjustment of the 

instruction to fit this status. From the use of diagnos

tic procedures may come a basis for preventive work based 

on the knowledge gained. Accurate and detailed diagnosis 

can provide the needed information for the development of 

such a program. 

Standardized tests for diagnosis are superior to 

direct observation for the following reasons (122, p.Jg): 

1. They are more thoroughly analytical than 

most teachers are able to prepare. 

2. They make the teachers aware of the impor

tant elements, necessary sequences, and difficulties 

of the process. 



3. They save the teacher's time and energy in 

diagnosis and leave more for individual remedial work. 

4. They help the pupil recognize his learning 

needs by systematically emphasizing his errors. 

5. Remedial procedures are usually suggested 

or provided which save the teachers time and also 

aid in systematizing the process. 

A diagnostic test may be useful in guidance to point 

out to the student particular areas which may be weak, even 

though his total achievement may be satisfactory. To be 

effective, "Diagnosis must be ore exact than broad state

ments . • • • The more specific the diagnostic lnformation 

revealed the more exactly the re edial material can be 

made to fit the need" (69, p.214). 

Ross (163, p.269) indicates that when an achievement 

or total score is below what it should be then a need for 

more careful diagnosis is indicated. It would be very 

difficult and time consuming to apply the diagnostic pro

cedures to the mathematics placement tests of all entering 

students at the time the tests are scored. Such procedures 

could be applied, however, by the students the selves in 

order to determine areas of difficulty. This procedure 

would also enable the student to become aware of the nature 

of his difficulties and he could take steps to remedy them. 

I£ this information were then accumulated by the 
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instructors, it would furnish a basis for emphasizing 

needed topics in the class instruption. 
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CHAPTER IV 

PROCEDURES USED IN DEVELOPING PRELI INARY FORMS 

OF THE EXAMINATIONS 

The preparation of the preliminary form of an examina

tion usually begins with a general statement of the objec

tives or aims. The next step, or sometimes the first, is 

the outlining of the course content to be covered by the 

examina~ion. From the statement of aims and the course 

outline the questions for the preliminary form of the exam

ination are prepared. The preliminary form of the examina

tion is then given to a group of students and the results 

are studied. In describing the development of the exam

inations used in this study, the first step will be to 

review the generally accepted statements of aims and objec

tives f'or college courses in mathematics. 

Statements of Course Aims !2& Objectives 

"The most authoritative and widely accepted statement 

of the aims of mathematical instruction is contained in 

!h! Reorganization of Mathematics ~ Secondary Education, 

the 1923 report of the National Committee on Mathematical 

Requirements" (85, p.377). Regarding this report Butler 

writes (in 1951), "it has exerted so much influence that 
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it has come to represent a sort of standard frame of ref

erence for objectives in this field" (24, p.74). The 

eleven aims listed in this report are discussed under 

three main headings (109, pp.54-55). 

Practical Aims 
-.,;;;...=..;;..-.......-;;;.;;;. 

1. The immediate and undisputed utility of the 

fundamental processes of arithmetic. 

2. An understanding of the language of algebra. 

3. A study of the fundamental laws of algebra. 

4. The ability to understand and interpret 

correctly graphic representations. 

5. Familiarity with the geometric forms common 

in nature, industry and life; mensuration of these 
... 

forms; development of space relations and perceptions; 

exercise of spatial imagination. 

Disciplinary Aims 

1. The acquisition in precise form of those 

ideas or concepts in terms of which the quantitative 

thinking of the world is done. 

2. Development of ability to think clearly in 

terms of such ideas and concepts. This involves 

training in analysis of a complex situation, recog

nition of logical relations, and generalizations. 

3. Acquisition of good mental habits and 

attitudes. 
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4. The idea of relationship or dependence. 

Cultural Aims 
........-.............;;;..;.o.

1. Appreciation of beauty in the geometric forms 

of nature, art, and industry. 

2. Ideals of perfection as to logical structure, 

precision of statement and of thought, logical reason

ing, discrimination between the false and the true. 

J. Appreciation of the power of mathematics. 

In 1924 Young discussed the principal values of the 

study of mathematics under three general headings: 

{l) practical values of mathematics, (2) mathematics as a 

mode of thought, and (3) other functions of mathematics. 

Under this third and rather indefinite heading he mentions 

values which are in the nature of attitudes, habits, and 

ideals (24, p.74). 

Reeve (152, pp.385-405), in 1925, distinguished 

between specific mathematical objectives and general objec

tives. 

General Objectives 

l. To give exercise in and appreciation of the 

fundamental mode of thought which mathematical think

ing best represents. 

2. To establiw1, organize and make cooperative 

certain important and s pecific habits: of action, 

of thinking, of moral conduct,. of character. 
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Specific Mathematical Objectives 

1. To increase and extend the power of under

standing and of analyzing relations of quantity and 

space; of reading, interpreting, organizing, and ex

pressing statistical and graphical data; and of recog

nizing, understanding, and using symbolic notation. 

2. To extend and refine the power gained in 

applying mathematics so as to furnish a basis for an 

interest in future mathematical work. 

). To furnish and increase the incentive of 

study of mathematics for the love of the subject. 

In 19)0 Breslich classified the objectives of math

ematics as (1) understandings, (2) skills, ()) problems 

and methods , (4) appreciations, (5) attitudes, and 

(6) habits (109, p.59). 

A more extensive and more specific list of objectives 

for mathematical instruction was presented by Schorling in 

1936 (109, pp.59-60}: 

1. To increase skill in computation. 

2. To enlarge understanding of the basic con

cepts and principles of mathematics. 

). To provide a wider range of application of 

mathematics to other school subjects and to life 

needs . 

4. To achieve more power in mathematical 
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reasoning or problem solving. 

5. To secure a thorough understanding of 

measurement . 

6. To familiarize the pupil with the properties 

of the common geometric forms (intuitive geometry) . 

7. To know and to be able to use methods of 

expressing mathematical relationships . 

S. To learn to use and appreciate symbolism. 

9. To learn to see the interrelationships of 

the various branches of mathematics . 

10. To understand how mathematics is related to 

practically all branches of learning . 

11. To enjoy mathematics for its own sake. 

The Joint Commission of the Mathemat·ical Association 

of America and the National CoWleil of Teachers of Mathe

matics issued a report in 1940. This report differed from 

that of t he National Committee which had long been accepted 

as a standard. The objectives listed by the Joint Commis

sion are as follows (109, p.56): 

1. Ability to think clearly . 

a. Gathering and organizing data . 

b . Representing data . 

c. Drawing conclusions . 

d. Establishing and judging claims of proof. 

2. Ability to use information, concepts, and 



general principles. 

J. Ability to use fundamental skills. 

4. Desirable attitudes. 

a. Respect for knowledge. 

b. Respect for good workmanship. 

c. Respect for understanding. 

d. Social-mindedness. 

e. Open-mind~dness. 

5. Interests and appreciations (The apprecia

tion of the role of mathematics in our culture, and 

interest in mathematical thinking for pleasure). 

6. Other objectives (health, citizenship, and 

worthy home membership). 

The Joint Commission stated (109 ., p.56): 

.... objectives may be regarded as having 
either a factual and impersonal aspect or a 
personal,. psychological bearing. Thus, when 
we study a given domain in a purely scientifi·C 
way, irrespective of the learner's personal 
reactions, we are mainly interested in facts, 
skills, organized knowledge, accurate concepts,
and the like. If, on the other hand, we scru
tinize the way in which the pupil behaves in a 
given situation, or his modes of reaction, we 
are led to such categories as habits of work or 
study, attitudes, interests, insight, modes of 
thinking, types of appreciation, creativeness, 
and the like. 

A clear recognition o.f these two essentially
different yet complementary types of objectives
is one of the achievements of recent educational 
theory. It is generally conceded that in the past 
the chief emphasis was on impersonal or factual 
objectives • • • • 
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The 1940 report of the Commission on Secondary School 

Curriculum, Progressive Education Association, differed 

, from those above by empha izing the role of matbe tios in 

the aims of general education (32, p. 48) : 

In stating objectives for mathe tics in
struction it has not been customary to stres 
the develop ent of such qualities of personality 
as tolerance, cooperativeness , self- direction , 
creativeness, social sensitivity, and esthetic 
appreciativeness . Yet teachers of thematics 
can share with other teachers in this task, in 
some instances through the choice of problems
on which students work, in others through the 
special resources of thematics , and in still 
other · through the ay they guide the conduct 
of the class as a social group. 

A more recent stat ent regarding the aims of college 

mathematics was de by Nowlan in 1950 . He gi.ves the aims, 

in order of importance, as (145 , p. 74): "(1) Training 1n 

preei.se thinking and a grasp of basic principles. (2) The 

acquisition or information and a mastery of certain tech

nical skills . u In this mo.re recent statem nt emphasis is 

placed on principles and skills . 0 ention is made or the 

more gener 1 objectives which were emphasized in e rlier 

lists. 

The last statement of i s above was devoted to funda

mentAl principles and specific skills . Hawkes stat s 

( 8,5, P• 340): 

The instructional terials now available 
nd in general use are devoted almost exclu

sively to the development of specific skills 
and abilities, and current ethodology is quite 

http:preei.se
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silent with reference to techniques for achiev
ing disciplinary and cultural outcomes through
the agencies of such materials. Courses of 
study may urge on the teacher the importance of 
ultimate objectives but they offer him little 
direction in the manner of their attainment. • • • 
He tries to develop in his pupils an understand
ing of and ability in the application of those 
mathematical principles and processes which are 
presented in the text or outlined in the course 
of study. He trusts that in the very nature of 
things many disciplinary and cultural values will 
accrue, but for the most part he is ignorant of 
techniques which can be counted on to insure 
their realization. He is disposed to judge the 
effectiveness of his teaching by the degree to 
which immediate objectives are attained. 

An analysis of the content of the elementary and 

intermediate algebra courses shows that emphasis has been 

placed on the immediate aims, which are easily recognizable 

and measurable. The only statement of the objectives for 

the algebra courses at Portland State are those set forth 

by Peterson (149, p.vii), the author of the textbook. He 

lists two objectives: (1) "To serve as a terminal course 

in algebra for non-scientific studies," and (2) "To serve 

as a foundation course in algebra prepa~ing for more 

advanced college mathematics." These are not objectives 

in the sense used by most authors. They simply state the 

type of course for which the book is suitable. 

A list of more specific aims was needed for the prep

aration of a test covering the elementary and intermediate 

courses. For this purpose the following list of specific 

aims for each course was prepared . 



Aims ~ Elementary C?urse 

1. To recognize, understand, and use the lan

guage, definitions, symbols and notations of algebra. J 

2. To develop skill in evaluation of algebraic 

expressions and formulas. 

J. To know and use common formulas. 

4. To develop skill in the operations of addi

tion and subtraction with signed expressions, includ

ing grouping operations. 

5. To develop skill in the operations of 

multiplication and division with signed expressions, 

including grouping operations. 

6. To develop skill in the solution of linear 

equations. 

7. To learn to use equations and formulas in 

stated problems. 

8. To develop skill in various types of factor

ing. 

9. To develop skills in the various operations 

using fractions. 

10. To develop techniques of handling fractions 

in equations and formulas . 

Aims ~ Intermediate Course 

1. To develop methods for solving simultaneous 

linear equations and their applications. 
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2. To learn the laws of exponents and to develop 

skill in their use. 

). To understand the use of roots and radicals, 

including imaginary numbers. 

4. To learn the use of square root and the 

Pythagorean theorem. 

5. To develop methods of solution of quadratic 

equations in one unknown and equations of higher 

order. 

6. To develop ability to understand and inter

pret graphs of linear, quadratic and higher equations. 

7. To develop graphic and algebraic methods for 

solving quadratic systems with two unknowns. 

8. To learn to use ratio and proportion. 

9. To develop the understanding of and use of 

variation. 

10. To learn to use the binomial theorem. 

Analysis g! Course Topics 

According to Travers (191, p.22) the next step after 

setting forth the general objectives is to outline the 

course. Weitzman {198, pp.S-9) lists this as the first 

step. Ruch (166, p.l50) refers to this procedure as "draw

ing up a table of specifications" and attaches considerable 

importance to it. The purpose of such a list is to prevent 
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the omission of important topics and to prevent the over

emphasis of minor topics. 

The list of course topics follows the outline of the 

textbook, Intermediate Algebra for College Students by 

Thurmond S. Peterson, which is used in the courses . This 

list is shown below.. The numbers in parentheses indicate 

the approximate number of assignments devoted to each 

topic. 

Elementary Course Topics 

Introductory topics. (5) 

Definitions and rules. (~) 

Evaluations . (l) 

Formulas , recall and solution. (1~) 

Algebraic representation. (2) 

Signed expressions. (5) 

Addition. (1) 

Subtraction. (1) 

Parenthesis • (1) 

Multiplication. (1) 

Division. (1) 

Equations and stated problems. (14) 

Solution of equations. (5) 

Various types of stated problems. (6) 

Solution of literal equations. (2) 

Solution of formulas. (1) 
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Factoring. ($) 

Common monomial factors. (1) 

Common binomial factors. (1) 

Trinomials. (2) 

Difference of two squares. (2) 

Sum and difference of t wo cubes. (1) 

Factor theorem. (1) 

Fract~ons. (8) 

Reduction. (1) 

Multiplication. (1) 

Division. (1) 

Addition . (1) 

Subtraction. (1) 

Signs. (1} 

Mixed expressions. (1) 

Complex fractions. (1) 

Intermediate Course Topi~s 

First degree simultaneous equations. (6} 

Indeterminate equations. <*> 
Simultaneous equations. ( ~) 

Solution by substitution. (1) 

Solution by addition or subtraction. (1) 

Equations with the reciprocals of the 

unknowns. (1) 

Literal equations. (1) 
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Equations with three unknovms. (1) 

Exponents, roots and radicals. {12) 

Laws of exponents. (1) 

Fractional exponents. (1) 

Zero and negative exponents. (l) 

Multiplication of radicals. (1!) 

Division of radicals. (li) 

Addition and subtraction of radicals. (1) 

Irrational expressions. (1) 

Imaginary numbers. (1) 

Equations involving radicals. (1) 

Square root • ( 1 ) 

Pythagorean theorem. (1) 

Quadratic equations. (a) 

Incomplete quadratic equations. (1) 

Solution by factoring. (3) 

Solution by completing the square. (1) 

Solution by formula. (2) 

Ratio and proportion. (1) 

Variation. (2) 

Direct variation. (1) 

Inverse variation. (l} 

Binomial theorem. (1) 

Graphing. (7) 

First degree functions. (2) 
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Second degree functions. (1). 

Functions of higher order . {1) 

Quadratic equations in t\1'0 unknowns. (1) 

Solution of pairs of linear equations. {1) 

Solution of second degree and higher order 

equations. . {1) 

uadratic systems in two unknowns. {2) 

One linear and one quadratic equations.. (1) 

Two quadratic equations .. (1} 

Topics optional with instructor (frequently omitted) . 

Progressions. (0) 

Logarithms. (O) 

Preliminary Forms of !h! Examinations 

After the list of aims and the outline of the course 

had been prepared,. the next step was to write the questions 

for the preliminary form of the examination. Hopkins (91 ,. 

p.6) states that questions should cover the entire range 

of the unit selected for measurement; this is to give as 

wide a sampling of pupil knowledge as possible . In select

ing the questions for the preliminary examination, an 

attempt was made to include as many of the topics listed 

in the course outlines as possible. Robinson (162 , p . 230) 

indicates that such material should be selected from the 

students' actual courses. Questions included on the 
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examination were generally similar in form to those found 

in the text which is used in the courses. 

Lindquist (122, p.l52) indicates that "it should 

always be the fundamental goal of the achievement test 

constructor to make the elements of his test series as 

nearly equivalent to, or as much like, the elements of the 

criterion series as considerations of efficiency, compar

ability, economy, and expediency will permit." He further 

indicates, "achievement tests have been largely confined 

within the framework of the prevailing subject-matter 

organization of the curriculum and of the generally ac

cepted immediate objectives of instruction" (122, p.l24). 

Unless tests are designed in this way, they do not usually 

gain ready acceptance by the instructors who will use them. 

In general the instructors "are given certain subjects to 

teach and the content is prescribed for the in detail 

(the textbooks have been selected for t hem} and they are 

responsible for 'getting the content across' to their 

pupils" (122, p.l25). Lindquist defends the formal type 

of question when the test is to be used for diagnostic 

purposes: 

Diagnostic tests frequently deal almost exclu
sively with the more me chanical aspects of a 
learning sequence and neglect the higher abil
ities requiring relational thinking and problem 
solving. This is defensible in that efficiency
in learning the more mechanical aspects leaves 
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more time for t he development of the higher men
tal processes (122, p.3e). 

For the above reasons the questions for the examinations 

used in this study were prepared with emphasis on the 

basic skills. 

The preliminary forms of the examinations, Forms P, 

were prepared with multiple-choice questions offering five 

responses. Cronbach (37, p.73) states, "Current practice 

in group testing favors the multiple-choice form.tt Buros 

(22, p.274) indicates that with this type of question the 

correct answer can sometimes be found by the process of 

elimination or substitution. Cronbach (37, p.73}, however, 

says that though this form of test 

• • • measures recognition of correct answers 
rather than recall, it is satisfactory for many 
purposes. • • • in a mathematics achievement 
test at the college level multiple-choice questions
had reliability coefficients and correlations with 
grades in later mathematics essentially the same as 
those for free answer questions. 

Lindquist (122, p.l73) notes that as few forms of questions 

as possible should be used and prefers only one form. 

For a final form of the test which requires fifty 

minutes or an hour for each part, it was estimated that 

approximately forty questions would be needed for Part I 

and a similar number for Part II. According to Ruch (166, 

p.l54), from twenty-five to fifty per cent more items 

should be prepared than will be used on the final form of 
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the test. The preliminary examination was prepared with 

eighty questions on each part, double the number needed 

for the final form. This number was more than adequate to 

provide a wide selection of questions in preparing the 

final forms. 

The preliminary forms of the test were administered 

with a time limit of one hour and forty minutes, the 

equivalent of two regular fifty-minute class periods. 

More than one half of the papers were turned in before 

time was called. Only a few students showed any signif

icant shortaee of time by leaving questions unanswered at 

the end of the test. According to Lindquist (122, p.338), 

"test authors usually set the time limits so that between 

eighty and ninety per cent of the pupils can consider or 

attempt all of the items." 

Since teacher estimates of the time required by a 

student for taking an examination are often unreliable, 

the questions were not grouped according to topic for the 

preliminary examination. Questions were arranged so that 

if the estimate of time were too low, students would not 

omit a section on a topic occurring at the end of the 

examination. In this way enough questions on each major 

topic were answered to insure an adequate distribution of 

topics for the final form of the examination. Capron 

(25, p.695) studied three different arrangements of items 
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in tests. As a result of this study she concluded that 

the arrangement of items was unimportant as it produced no 

significant difference in the test scores. 

There is some disagreement as to the importance of 

speed in taking an examination. Hawkes and Lindquist state 

(85, p.377), "Some premium should be placed upon speed as 

well as upon power • • • by including a sufficient number 

of items so that most pupils will be given an opportunity 

to do the maximum amount of work of which they are capable 

in the time given ." On the other hand, Travers {191, p.40) 

states, "Most tests of achievement should be power tests 

rather than speed tests, and enough time should be allowed 

for the examinee to do all he can do." When a test is 

used as a placement examination, its purpose is to deter

mine the retained mathematical ability of the student; 

there is little need for emphasis upon speed. "All stu

dents in the class, however, should have the same length 

of time to prepare the answers" (136, p.7). 

A -test should include items of varying degrees of 

diffic~lty. The reason for this, according to Hawkes (85, 

p.377), is that "Items of different degrees of difficulty 

will discriminate between pupils at different levels of 

ability." The test items should be of appropriate diffi

culty so that no pupil will earn either a perfect score or 

a zero score (165 ., p.l21). 



Various methods have been developed for correcting a 

test score for chance to cpmpensate for the possibility of 

guessing correct answers. The need for correction is de

creased as the number of possible responses is increased. 

Ruch recommends that the score on multiple-choice exer

cises be determined by counting the number of correct 

items and assuming that all individuals will .profit more 

or less equally by guessing. He says (165, p.l28}, "guess

ing is probably sufficiently eliminated in the five or more 

response situations to neglect it entirely for practical 

purposes." Elsewhere, he writes (166, p.JJ8) that "five 

and seven response tests are never corrected (for guessing) 

in actual practice." Lindquist questions the use of meth

ods of correcting for chance as they imply that the same 

number of persons will select each of the incorrect alter

natives. Rarely, however, are all of t he incorrect 

responses equally attractive (122, p.269) . 

The Preliminary Examination, ~ l 
The preliminary examination appears in Appendix A, 

page 126. Table I, page 59 , shows the scope of the course 

content and the sequence in which it is developed. The 

distribution of questions among the course topics for the 

preliminary forms (Forms P} of the examinations is also 

shown in Table I . Each topic in the list is represented by 

at least one question on Form P except "reduction" and 
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"signs" of fractions. Both of t hese operations are neces

sary in the solution of other fraction problems. The dis
.,. 

tribution of questions for Form A (the revised form) of 

Part I or the examination is also shown in Table loj this 

form will be diseuased in the next chapter. 

TABLE I 

DISTRIBUTION OF PRELIMINARY QUESTIONS FOR PART I 

AMONG OOURSE TOPICS 

Number 2! Questions 

Topic form P Form A 

Introductory topics 

Definitions and rules 
Evaluations ' 
Formulas, recall and solution 
Algebraic representation 

; 
8 
7 
s 

4 
s 
4 
3 

Signed expressions 

Addition 
Subtraction 
Parenthesis 
Multiplication
Division 

1 
3 
4 
) 
7 

1 
1 
2 
3 
2 

Equations and stated problems 

Solution of equations
Various types of stated problems
Solution of literal equations
Solution of formulas 

; 

' 5 
4 

4 
1 
2 
1 

Factoring 

Common monomial factors 
Common binomial factors 
Trinomials 

1 
1 
4 

0 
0 
2 
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TABLE I (C NTINUED) 

Number £! Questions 

Topic Form P · Form A 

F'aotoring (continued) 

Difference of two squares ; 1 
Sum and difference of two oubee 1 l 
Factor theorem 1 1 

Fractions 

Reduction 0 0 
1-iultiplication 1 0 
Division 1 0 
Addition 1 0 
Subtraction 1 1 
Signs 0 0 
Mixed expressions and complex 

fractions 1..1. 
Totals so 40 

The distribution of questions among the specific aims 

o:f the course is shown for the preliminary form (Form P) 

of' the examination in Table II, pagf? 61. The larger num

ber of questions under the fifth and eighth aims is due to 

the variety o! problems in these categories and does not 

imply greater importance. The distribution, of ques:tions 

for the revised forms (Forms A) or the examinations is 

also shown in Table II; this will be discussed in the next 

chapter. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

s. 
9. 

10. 

TABLE II 

DISTRIBUTION OF PRELIMINARY QUESTIONS FOR PART I 

ONG SPECIFIC AIMS 

Number 2£ Questions 

SEecific Aims Form p Form A 

Language, definitions, symbols 
and notation. 7 

Evaluation of algebraic expres
sions and formulas. 7 5 

Knowledge and use of formulas. 7 4 

Addition and subtraction of 
signed expressions. 4 

Multiplication and division of 
signed expressions. 10 5 

Solution of linear equations. 9 4 

Equations and formulas in 
stated problems. g 4 

Factoring of various types. 11 5 

Operations with fractions. 7 2 

Fractions in equations, formulas, 
and other algebraic expressions. 6- ..1 

Totals 80 40 
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Ih!, Preliminary Examination, .f!!:l II 

The preliminary examination, Part II, appears in 

Appendix A, page 140. Table III, page 63, shows the scope 

of the course content and the sequence in which it is 

developed. The distribution of questions among the course 

topics for the preliminary form ·(Form P) is also shown in 

Table III. No question on simultaneous literal equations 

is included because the methods are the same as used for 

other simultaneous equations. Questions on equations with 

three unknowns were omitted because the methods· of solu

tion are the same as for two unknowns and these problems 

are long and time consuming. Graphical solutions of pairs 

of equations are usually not emphasized in the courses and 

are frequently omitted. For this reason they were omitted 

from the examination. 

At the suggestion and request of some of the instruc

tors who gave the preliminary form of the examination, 

questions on the optional topics of logarithms and pro

gressions were included. These were omitted from the 

revised form for reasons discussed in the next chapter. 

The distribution of questions for the revised form 

(Form A) of Part II of the examination is also shown in 

Table III. This part of the table will be discussed in 

the next chapter. 
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TABLE III 

DISTRIBUTION OF QUESTIONS FOR PART II AMONG COURSE TOPICS 

Number £! guestions 

· Topic Form P Form A 

First degree simultaneous equations 

Indet'erminate equations 1 0 
Simultaneous equations 2 0 
Solution by substitution l 0 
Solution by addition or 

subtraction 1 1 
Equations with the reciprocals

of the unknowns 1 1 
Literal equations 0 0 
Equations with three unknowns 0 0 

Exponents,. roots and radicals 

Laws of exponents 2 2 
Fractional exponents 2 1 
Zero and negative ·exponents 1 1 
Multiplication of radicals 2 2 
Division of radieals 1 1 
Addition and subtraction of 

radicals 1 0 
Irrational expressions 1 1 
Imaginary numbers 1 1 
Equations involving radicals 2 2 
Square root 2 1 
Pythagorean theorem 3 l 

Quadratic equations 

Incomplete quadratic equations 2 0 
Solution by factoring 3 l 
Solution by completing the 

square 1 1 
Solution by formula 3 3 
Higher order equations 2 l 

Ratio and proportion 6 4 
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TABLE III (CONTINUED) 

Number £! .;;.Qu.-e;;..;s;;..;t;.;;i;.;;o..;;;;n;.;;;.s 

Topic Form P Form A 

Variation 

Direct variation 3 2 
Inverse variation 2 2 

Binomial theorem 6 2 

Graphing 

First degree functions 2 2 
Second degree functions 2 1 
Functions of higher order 1 1 
Quadratic ~quations in two 

unknowns · 4 2 
Solution of pairs of linear 

equations 0 0 
Solution of second degree and 

higher order equations 0 0 

Quadratic systems in two unknowns 

One linear and one quadratic
equation · 2 1 

Two quadratic equations 4 2 

Topics optional with instructor 

Progressions
Arithmetic 3 0 
Geometric 4 0 

Logarithms
Definition and laws 3 0 
Computations 0...l -

Totals eo 40 
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The distribution of questions among the specific aims 

of the course is shown for the preliminary form (Form P) 

of the examination in Table IV below. The distribution of 

questions for the revised form (Form A) of the examination 

is also shown in Table IV; this will be discussed in the 

next chapter. Optional topics are omitted from this table. 

TABLE IV 

DISTRIBUTION OF QUESTIONS FOR PART I~ BY SPECIFIC AIMS 

Number of Questions 

S:eecific Aims Form P Form A 

l. Simultaneous linear equations. 6 2 

2. Exponents. 5 4 

J. Roots and radicals. g 7 

4· Square root and the Pythagorean
theorem. 5 

5. Quadratic and higher equations
in one unknown. 11 6 

6. Graphing equations. 5 4 

7. Quadratic equations in two 
unknowns. 9 5 

8. Ratio and proportion. 7 4 

9. Variation. 5 J 

10. Binomial theorem. 6- 2-
Totals 67 40 
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The questions for the preliminary forms (Forms P} of 

the examinations were prepared and selected on the basis 

of the course outlines and lists of aims given above. At 

the end of fall term the preliminary forms were given to 

all elementary and intermediate algebra classes at Portland 

State. Part . I of the test was given to 254 students in 

eight elementary algebra classes which were taught by six 

different instructors. Part II was given to 106 students 

in four intermediate algebra classes taught by four dif

ferent instructors. Two of the papers of students in the 

elementary class were discarded for the purposes of this 

study because the students had omitted one of the middle 

pages. The papers used for the following analysis were 
. ' 

the remaining 252 pape~s from the elementary classes and 

106 papers from the intermediate classes. The procedures 

used in the analysis of these scores are discussed in the 

next section. 

Analysis of Scores ~ Preliminary Examinations 

An analysis of the preliminary examination scores was 

made tor the purpose of determining the usefulness of the 

examinations. This analysis consisted of examining the 
• 

distribution of the scores, and determining the validity 

and reliabili.ty of the examinations. 

http:reliabili.ty
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Distribution ~~ Scores 

The distribution of a set of examination scores 

usually is similar to that of a normal distribution. · Two 

types of departure from the normal distribution can occur: 

(1) the distribution may be asymmetrical, the mean and 

the median being different; and (2) the distribution may 

be symmetrical but may have an excess or deficit near the 

center of the range (178, p.l74). The first of these 
, 

conditions may be tested by measuring the skewness. The 

second condition may be tested by measuring the kurtosis. 

Neither the skewness nor the kurtosis of the distri

butions of scores for Part I or Part II of the examination 

differssignificantly from the normal. 

The individual scores on Part I, Form P, of the exam

ination are shown in Table II, Appendix B, page 154. The 

distribution is shown in Table V, page 68. The mean of 

the distribution of scores for Part I, Form P, was 37.40 

and the standard deviation was 9.70. 
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TABLE V 

DISTRIBUTION OF SCORES BY CLASSES ON PART I , FORM P 

Class Number 

Scores 1 2 .2 9: 2 6 z 8 Total 

60-64 1 1 

55-59 1 5 4 10 

50-54 2 1 4 1 5 1 3 2 19 

45-49 2 3 4 5 11 2 4 1 32 

40-44 3 5 2 6 8 4 9 6 43 

35-39 2 9 4 10 3 11 5 5 49 

30-34 10 1 6 2 5 11 5 40 

25-29 2 4 5 5 3 4 3 5 31 

20-24 2 2 5 2 5 2 3 21 

15-19 1 2 3 6 

Totals 13 35 32 37 36 35 37 27 252 

Mean 37.40 

Standard Deviation 9.70 

The individual scores on Part II, Form P, of the 

examinations are shown in Table X, Appendix B, page 

The distribution of these scores by classes and the total 

distribution is shown in Table VI, page 69. The mean of 

the scores for Part II, Form P, was 42.38 and the standard 

deviation was 8.70. 
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TABLE VI 

DISTRI BUTION OF SCORES BY CLASSES ON P RT II, FORM P 

Class umber 

Scores 1 2 Total~ !± 

65-69 1 1 

60-64 1 1 

55-59 1 2 1 2 6 

50-54 2 5 2 4 13 

45-49 7 2 4 5 18 

40-44 7 g 5 14 34 

35-39 3 6 2 6 17 

30-34 2 1 4 7 

25-29 2 1 3 6 

20-24 1 1 

15-19 1 1 2 

Totals 26 25 20 J5 106 

ean 42.,)7 

Standard Deviation 8.70 

An examination of the distributions of scores in 

Tables V and VI has shown that the sets of scores on both 

examinations were distributed in a pattern which did not 

differ significantly from that of a normal curve and can 
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be treated as such. 

Probable Error£! · ~ Pupil's Score 

McCall states, "The best and most meaningful indica

tion of the reliability is the probable error of a pupil's 

score" (1.30, p.288). The probable error for Part I of 

the test is 2.62 while that for Part II is 2.66. 

Validity 2! ~ Examinations 

Validity is defined as "the degree to which an evalu

ation device measures what it purports to measure" (155, 

p.l95). It is a specific concept and must be used in ref

erence to a specific purpose and a specific group of 

pupils. "It is meaningless to speak of any given test as 

being valid or invalid apart from any consideration of the 

purpose it is intended to serve or of the group to which 

it is to be given" (85, p.21). 

Criteria which may be used to determine the validity 

of a test are of two types: (1) criteria which compare 

with course content, and (2) criteria which compare with 

test scores. 

Curricular validity. Validity which is determined by 

comparison with course content is termed curricular valid

ity. Some of the criteria by which the content of a 

course may be compared are: (1) analysis of courses of 

study, (2) statements of objectives, (3) analysis of text

books, (4) judgments of competent persons, and (5) analysis 
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of examination questions. 

Validation of the test .content by comparison with the 

textbook is useful because it assures that the pupils will 

be tested on material which they have actually studied or 

which they will be expected to know (155, p.19a). Greene 

states (69, p.75), 

In the case of the achievement test • • • the 
validity of the test depends more largely upon
the opportunity the pupil has had to master the 
information measured in the test. In such a 
situation the teacher himself is probably the 
best judge of the validity of the test, since 
he knows best what material he has taught the 
class. 

Ebel notes (50, p.93), "There is need for emphasis on 

the fact that judgments • • • are inevitably involved in 

the validation process. If not applied to the test itself, 

then they must be applied in selecting crite.ria." Th'e 
. 

judgments made by different individuals as to which tests 

possess validity will vary greatly. This limits the use

fulness of this criterion as a measure of the validity of 

a test (1, pp.J20·32a). 

Statistical validity. Methods of determining valid

ity which make use of test scores as a criterion yield 

what is termed statistical validity. Criteria with which 

test scores may be compared are: (1) school grades, 

(2) differences in scores obtained by two or more groups 

known to be widely separated in ability, and {3) correla

tions with other valid and reliable tests. 
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A statistical measure of the validity of a test is 

secured by computing a coefficient of correlation between 

scores on the test and an outside criterion. The diffi

culty eneoWltered in using this procedure is in the selec

tion of the outside criterion. Monroe writes (140, 

p.l296}, "The use of school marks in determining the 

validity of achievement tests is a common procedure." 

However, some criticism has been made of the use of this 

procedure because of the variations and unreliability of 

the marks themselves. In spite of these criticisms this 

continues to be one of the common methods of establishing 

validity. 

Validity correlations are not often obtained which 

are as high as those usually obtained for reliability. 

Cronbach takes note of this (37, p.256): 

Psychologists have now abandoned their insis
tence on validity coefficients of .70 or .80 
for all tests. While we would be pleased to 
reach these or better levels, the experience
of 30 years of practical testing shows that we 
very often cannot attain such standards..... 
It has been found repeatedly that coefficients 
as low as .30 are of definite practical value. 

Lindquist notes that validity coefficients vary from 

zero to .70. "It is probably fair to say that the median 

correlation of tests • • • using freshman grades as the 

criterion, would fall somewhere near ·45" (122, p.90). 

He also says (122, p.92), 
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Fro a battery of achievement measures we get 
about as good a prediction of freshman average 
or other general measure of college success as 
we would get from rank in high school class; a 
validity coefficient of about .55 would be typ
ical. 

Validity 2[ lli tests used in ~ study. A compar

ison of the test questions with the course content can be 

made for Part I from Table I, page 59, and for Part II 

from Table III, page 63~ A comparison of the test ques

tions with the aims of the courses can be made for Part I 

from Table II, page 61, and for Part II from Table IV, 

page 65. The instructors who used the tests judged them 

as giving good doverage of the content of the courses. 

Instructors who had not included logarithms and progres

sions (optional topics) in their courses questioned the 

inclusion of these topics on Part II of the examination. 

The others, however, were quite insistent that these 

topics be included if the examination was to be used in 

their classes. 

The scores on the preliminary forms of the tests 

were correlated with the fall term grades~ This gave a 

measure of the validity of the tests for use with these 

courses. In determining these eoefficients of correla

tion the scores for one of the elementary classes were 

omitted because they had been used in determining the 

course grades. In the remaining classes they had not 

been used for this purpose. One student in the 
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intermediate class received a grade of incomplete. Thus 

these coefficients were computed on 204 cases for Part I 

and 105 cases for Part II. 

The coefficients of correlation of test scores with 

fall term grades were .77 for Part I and .66 for Part II. 

These are as high as are usually obtained when grades are 

used as the outside criterion. 

Reliability 2! ~ Examinations 

Reliability cannot be determined by any method which 

is comparable to the face validity of a test. It is 

entirely a statistical concept. The validity of a test 

is a measure of its correlation with some outside crite, 

rion. Reliability, on the other hand, is a measure of 

the correlation of the test with itself. There are three 

common methods of determining the self-correlation of a 

test~ (1) by repeating the same test at a later date, 

(2) by using two parallel forms of the test, and (3} by 

the split-half method of dividing a test into two compa

rable halves (75, p.421). 

Repeated ~· The first of these methods is not 

often used because it requires that the same test be 

applied to the group of pupils after an interval of time. 

The scores are then correlated. If too short a period of 

time elapses, the memory factor will tend to make the 

correlation higher than it should be. If too long an 
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interval elapses, factors such as growth, intervening 

learning, and forgetting, tend to make the correlation too 

low (155, p.202). 

Parallel forms. The second method uses two comparable 

forms of the test, and the correlation between the two 

sets of scores is determined. lf the correlation is high , 

then both forms are said to be reliable. This method 

overcomes the disadvantages which are a result of giving 

the same ·test again at a later date. There are, however, 

certain difficulties involved in this method. Twice as 

much material must be prepared to have two forms of the 

test, even if one form is sufficient for the purpose for 

which the test is desired. Even more important is the 

difficulty in preparing two forms of the test which are 

truly equivalent, and yet have entirely different items . 

Even when the two forms of the test are given one 

immediately following the other, such factors as fatigue, 

interest and motivation may be different at the ti e the 

student is taking the two parts of the test. Though such 

factors will probably be less variable than when the test 

is given at two different periods, the variation due to 

taking the test at different times can never be completely 

eliminated (130, p.56). 

Split-half method of determining reliability . The 

split-half method of estimating the reliability avoids 
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the difficulties encountered in the other two methods, and 

consequently is the most frequently used. This method 

divides the items of the test into two halves. The usual 

method of splitting the test is by taking the odd-numbered 

questions for one half and the even-numbered questions for 

the other half. The coefficient of correlation between 

the two halves is then determined. This is the reliability 

coefficient. Any one of several formulas (122, p.581) may 

be used to estimate the reliability of the whole test. 

Jordan states (100, p.426), "The coefficient derived 

from odd-even items is probably a truer measure of reli

ability of a test than that obtained from corresponding 

duplicate forms because the odd-even method eliminates 

pupil variability." A study by Read (151, p.704} showed 

the results from various methods of selecting the chance 

halves to be small. However, the possibility is always 

present that the results may be atypical from any method 

used to split the test. If very high reliability coeffi

cients are desired, methods of item analysis may be used 

to balance the two halves in di£ficulty. 

Reliabilitz £! the tests B!!2 !a !hi! study. The 

split-half method was adopted to furnish an estimate of 

the reliability of the test used in this study to avoid 

the difficulties encountered in using the other two 

methods. 
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The odd-even split used here does not give an exact 

balance in difficulty as is shown by comparison of the 

means for the odd and even-numbered questions. This data 

is shown in Table IX, page 154, and Table X, page 16~, 

for Part I and Part II respectively. 

Correlations between the odd and even-numbered ques

tions of .73 for Part I and . 67 for Part II were found . 

The lower coefficient for Part II is attributed to the 

inclusion of questions on the optional topics of logarithms 

and progressions.. When these questions are eliminated 

from the scores, the coefficient of reliability for Part 

II is found to be .73, the same as for Part I of the exam

ination.. The half-test scores are shmm in Appendix B. 

Lindquist states that if a test is split to yield two 

scores (122, p.617 ), "The procedure logically most defen

sible would appear to be to split it into two equivalent 

halves, balanced in terms of difficulty and content." Any 

split such as this necessarily involves some method of 

item analysis for determination of the difficulty of the 

individual items as well as an individual analysis of the 

content of the items. Careful balancing of the items in 

this way is usually necessary for obtaining the high reli

ability coefficients which are sometimes reported with 

tests. Item analysis could be used to balance the diffi

culty of the odd and even-numbered questions. The usc of 



this procedure would yield still higher coefficients of 

reliability. · 

The Spearman-Brown prophecy formula was applied to 

the split-half correlation coefficients to estimate the 

reliability coefficients of the whole of Part I and 

Part II. 

The estimate of the coefficient of correlation for 

the whole test was .84 for Part I and .80 for Part II. 

If the optional topics are excluded from Part II, this 

coefficient. is increased to .84. 

Index of reliability. The whole test is more reli

able than the coefficient of correlation would indicate, 

because it "shows how close a test which is somewhat inac

curate corresponds to another test which is also somewhat · 

inaccurate" (130, p.528). Tiegs states (190, p.J86}, 

"The index of reliability represents the correlation 

between the scores actually obtained by a test and the 

theoretically true scores." Lindquist (122, p.685) recom• 

mends the use of the index of reliability and states that 

the reliability for all tests should be reported in this 

way. 

The index of reliability for Part I is .92; for Part 

II it is .69. 
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CHAPTER V 

PROCEDURES USED IN DEVELOP NG THE FINAL FORMS 

The preparation of the preliminary forms of the tests 

began with statements of aims for the courses. The con

tent of the courses was then outlined. The preliminary 

forms of the examinations were prepared and the sets of 

scores on these forms were studied to establish the valid

ity an~ reliability of the tests. _ The questions were then 

analyzed to determine which should be retained for the 

final forms of the examinations. 

To develop the final forms of the examinations the 

preliminary forms. were revised and shortened. To deter,. 

mine which questions were to be retained for the final 

forms, item analysis was used. The preliminary papers 

were then rescored and these scores were compared with the 

Ohio Psychological Examination scores and with grades 

earned the following term to determine the prognostic 

value of the tests. Reliability of the new forms was es

tablished by the odd-even split-half method and applica

tion of the Spearman-Brown formula. 



~ Analysis 

Objective test construction usually involves trying 

out more items than will be needed for the final form of 

the test. Wood (206, p.l6) has pointed out that ntwo 

objective test items may prove equally difficult and may 

hold the pupils responsible for equally valid content from 

the curriculum viewpoint, and yet the actual responses 

made to one may be much more highly related to general 

achievement than those made to the other." Item analysis 

provides a basis for selection or rejection of such items 

according to ~heir contribution towards the measurement 

of whatever the whole test measures. 

If the total score on a test is used as the criterion 

variable for judging the discriminating power of each 

item, the resulting indices reflect the extent to which 

the item measures the same functions as the total score. 

Some items are more useful than others in discriminating 

between students of different levels of ability; this 

means that for the group tested they are better measures 

of whatever the whole test actually measures. Wood com

ments on discrimination as follows (206, p.l7}: "An item 

is said to discriminate if the pupils who respond cor

rectly to that item are, on the average, superior in gen

eral achievement to those who respond incorrectly." 
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The validity coefficient of a test is its correlation 

with some outside criterion as described above (supra, 

p.?O). "Likewise, the validity coefficient of an item is 

a measure of its correlation with a criterion" (2, p.l8o). 

The v.alidity of individual test items may be investigated 

by methods which are analagous to those used for deter·

mining the validity of the test. 

Lindquist (122, p.286) comments on the difficulty of 

obtaining an adequate criterion for use in analysis of 

individual items, "A well constructed test may constitute 

the best available measure of the criterion; in a sense, 

the test itself defines the function it is to measure." 

The total scores derived from a test are often used as the 

immediate criterion with which the individual items in the 

test are correlated. These correlations may be estimated 

by any of a number of teehniques. Items which have very 

low or negative correlations are then discarded o·r revised 

in preparing the final forms of the test. The methods of 

analyzing individual test items will be discussed below. 

Item-Criterion Indices 

Adkins states that about forty different indices have 

been devised to express the relation of a dichoto ous 

variable and a criterion which is distributed over more 
I 

than two categories (2, p.lSO). Most of these are approx

imations of correlation coefficients. Nineteen of the 



most important methods are summarized by Guilford (75, 

pp.429-456). Many of the others are variations of these 

methods or short-cut procedures based on them. The main 

difficulty of item analysis is that the methods are very 

intricate and time consuming. When working with large 

groups the use of item analysis may result in considerable 

expense. 

Non-correlation methods. Several methods of item......... 
analysis which do not make use of correlation coefficients 

are based on a procedure which Guilford refers to as the 

Erecision method (75, p.429). In general the criterion 

subjects are classified in two or more groups that contain 

equal numbers. For each group the proportion passing the 

item is determined. The diagnostic value of the item is 

indicated by the steepness of the curve. 

Hawkes describes another method which does not make 

use of correlation coefficients (85, p.42). For this 

method, the average score on the criterion test for the 

students who succeeded on the given item and for those who 

failed on the item is computed. If the average score on 

the criterion of those who succeeded on the given item was 

higher than that of those who failed on the item, then 

that item could be said to have discriminating power , the 

degree of this power depending upon the magnitude of the 

difference in the two averages. 
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Common correlation methods. The most common types of 

correlation coefficients for the purpose of item analysis 

are (2, p.lBO), (1) biserial~ (2} tetrachoric ~and 

(.3) point-biserial~· 

~i,!e~i!,l £· Biserial £ assumes that the item vari

able is represented by a dichotomization of a continuous 

and normally distributed variable and that the cr.tterion 

is a continuous but not necessarily normal variable. 

Lindquist says that this index was found to be the 

best indication of the value of an item in contributing 

toward the ranking of the student (122, p.479). This pro

cedure is laborious, which is probably one of the reasons 

that it has not been used more often. In order to reduce 

the labor of computing this coefficient, Flanagan devised 

a procedure using only the upper and lower portions of 

the group (55, pp.674-680). Dunlap (49, pp.51-5B) and 

Chapanis (29, pp.297-.304) have proposed methods for short

ening the amount of computation in determining the bise

rial ~ ind13x. 

However, Richardson and Stalnaker (160, pp.46.3- 464) 

indicate that the biserial ~ is not a suitable measure, 

for item analysis where the ,responses are dichotomized 

because it assumes: (1) that the distribution of the 

dichotomized variable is normal, and that (2} the dichot

omized variable is continuous. They indicate that unless 



these conditions can be established and be shown to fit 

the case being studied that use of the biserial £ is not 

warranted.· These authors then proposed what is known as 

the point-biserial coefficient of correlation, which they 

consider more suitable. 

Teir~c,ho£i.£ £· The tetrachoric .!: assumes that both 

the item variable and the criterion variable are repre

sented by dichotomizations of continuous and normally 

distributed variables. This index was not suitable for 

the purposes of this study because the criterion variable 

was not dichotomized. 

Po!ni-bi~e£i~l £· Point-biserial £ assumes that the 

item is point-distributed, or that all the cases are con

centrated at two points, and that the criterion is contin

uous but not necessarily normal. Guilford (73, pp.500-501) 

compares six of the most common indices of item analysis 

and says, "It is interesting to note that the point

biserial £ gave results which correlated highest on the 

average with results from all other indices. This may or 

may not support the idea that this index is a kind of 

common denominator because it is the most realistic one." 

Other methods . 

An~lzs!s of ya£i~n£e. A study by Lev (121, pp.623

630) which was concerned with the methods of the analysis 

of variance for the selection of test items concludes that 



this method is unnecessarily difficult. 

Factorial methods. Regarding factorial methods of- ... ---~---- ..... 

. item analysis, Lindquist states, "The use of factorial 

methods for item analysis purposes awaits the development 

of electronic computers capable of extracting factors from 

large matrices of inter-correlation••••" (122, p.JOl) .. 

He indicates that when such instruments become widely 

available, it may be that items will be selected on the 

basis of their factor loadings. 

fhi-~~are. On the use of Chi-square for the purpose 

of item analysis, Herfindahl (89, p.371) comments, ttDirect 

calculation of Chi-square for each question would require 

a prohibitive amount of labor." He further states (89, 

p.. 377), "Chi-square provides a measure of only the proba

bility of association and not the degree of association as 

would be provided by ••• the bi..;serial r." 

Indices Used .!!!. !h.!! Study 

Selection of a method of item analysis must be 

related to the method of test scoring which is used. In 

t his study the responses to the test items were scored 

either correct or incorrect. Only item analysis methods 

which use this information are suitable. A form of the 

point-biserial coefficient of correlation has been se

lected for this study because of this method of scoring 

and for other reasons cited above. Derivation of the 
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simplified formula which was used is shown in Appendix C, 

page 166. 

In order to reduce the lal:>or involved in the-computa

tion of biserial!. Dunlap (49, pp.674-6SO}, Chapanis (29, 

pp.297-304) and others have developed formulas which are 

easier to use and reduce the amount .of computation which 

is necessary .. Chapanis (29, pp •.301-302) also developed. 

what he terms a "reduced form" of the McCall-Long- Bliss 

validity coefficient, -which was also used in the selection 

of items for the final forms of the tests used in this 

study. 

The reduced point-biserial coefficient (rrpb) and 

the McCall-Long- Bliss validity coefficient (V~B) were 

computed for each item on the tests. The two coefficients 

selected here are particularly suitable for use together 

because of the similarity in the calculations which are 

required to determine each of them. Table VII, page 87, 

shows these coefficients for Part I and Table VIII, page 

88, shows them for Part II of the examinations. Items 

which were retained in the final form of the examinations 

are indicated by an asterisk (*). 
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TABLE VII 

ITEM VALIDITY COEFFICIENTS FOR PART I OF THE EXAMINATION 

Item rrpb VMLB Item rrpb Vr.n..B 

1* 
2 
.3* 
4* 
5* 

.15 

.11 
.. .34 
.•21 
.17 

52 
34 
48 
27 
35 

.31 
32* 
.33 
34* 
35 

.19 

.54 

.55 

.52 

.42 

49 
64 
58 
69 
54 

6 
7 
~ 
9* 

10* 

.08 

.06 

.24 

.30 

.29 

42 
20 
90 
75 
48 

36 
37* 
3B* 
39 
40 

.32 

.34 

.35 

.17 

.16 

31 
85 
85 
40 
26 

11 
12 
13* 
14* 
15 

.05 

.06 

.34 

.24 

.1J 

34 
22 
82 
65 
11 

41 
42 
4.3* 
44 
45* 

.1)

.02 

.25 
.25 
.35 

)0 
4 

35
20 
60 

16* 
17* 
18* 
19* 
20 

.25 

.. 24 

.52 

.41 

.35 

66 
32 
73 
91 
67 

46* 
47 
48* 
49 
50* 

.64 
-.15 

.26 

.16 

.41 

87 
-17 
43 
22 
50 

21* 
22* 
23 
24 
25 

•42 
.37 
.28 
.49 
.62 

47 
47 
39 
55 
6.3 

51 
52 
53 
54* 
55* 

.06 

.22 

.18 

.22 

.)1 

13 
22 
14 
53 
51 

26 
27* 
28* 
29* 
)0* 

.09 .so 

.)6

.)9 
-34 

11 
57 
28 
40 
32 

56 
57* 
58 
59 
60* 

.06 

.24 

.11 

.11 

.25 

13 
40 
18 
25 
47 

*Items selected for revised form, Form A, of examinations. 
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TABLE VII (CONTINUED) 

Item Itemrr:eb VMLB rr12b VMLB 

61* 
62* 

.62 

.29 
52 
34 

71* 
72 

.)2 

.13 
51 
22 

63* 
64 

.46 

.17 
69 
17 

73* 
74 

.21 

.16 
46 
28 

65 •. 44 27 75 .19 33 

66* 
67 
68 
69 

.48 

.)5

.41 
~13 

86 
88 
77 
40 

76* 
77 
78 
79* 

.33 

.15 

.13 

.26 

53 
22 
22 
43 

70 .14 37 80 .16 26 

TABLE VIII 

ITEM VALIDITY COEFFICIENTS FOR PART II OF THE EXAMINATION 

Item rr;eb VMLB Item rr:eb VMLB 

1 ~01 5 16* ~52 30 
2 ~02 0 17* .)7 38 
3 .07 7 18* .41 31 
4 .04 6 19* .51 30 
5* .22 29 20* .72 76 

6* :21 15 21* .)0 22 
7* .25 27 22 .2) 9 
B* .J; 14 23 .19 15 
9* .Jl 7 24 .02 3 

10* .59 20 25 .29 26 

11 ~22 7 26 -.09 -12 
12* .)2 14 27* .20 11 
13* .45 34 2S* .;o 26 
14* .54 47 29* .55 26 
15 .28 15 30* -37 15 

*Items selected for revised form, Form A, of examinations. 
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Item Itemrr:eb VMLB rr:eb VMLB 

31 .19 49 56 .06 13 
32* .54 64 57* .24 40 
33 -55 58 58 .'ll 18 
34* .52 69 59 .11 25 
35 .42 54 60* .25 47 

36 .32 31 61* . .62 52 
37* .34 85 62* .29 34 
3B* .35 85 63* .46 69 
39 .17 40 64 .17 17 
40 .16 26 65 .44 27 

41 .13 30 66* .48 86 
42 .02 4 67 -35 88 
43* .25 35 68 .41 77 
44 .25 20 69 .13 40 
45* -35 60 70 .14 37 

46* ~64 87 71* .32 51 
47 -.15 -17 72 .13 22 
48* .26 43 73* .21 46 
49 .16 22 74 .16 28 
50* .41 50 75 .19 33 

51 .06 13 76* .33 53 
52 .22 22 77 .15 22 
53 .18 14 78 .13 22 
54* .22 53 79* .26 43 
55* .31 51 80 .16 26 
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Revised Forms ££ Tests, Forms A 

Selection of Items 

After the determination of the discrimination indices, 
.... 

McCall-Long-Bliss validity coefficient, and the reduced 

point-biserial coefficient, the items showing the highest 

validity were selected for the revised form of the test. 

These were then sorted according to the outline of course 

topics and aims to determine whether a proper distribution 

among the various topics was provided. As was to be 

expected, this method of selection did not provide an 

entirely satisfactory distribution and some reselection 

was necessary. The best items available for each topic 

were chosen. In some cases very similar items show high 

indices, but all such items can not be used and yet pro

vide sufficient variety to distribute the questions prop

erly among the various topics. The questions selected for 

the final form are indicated with an asterisk (*) in 

Tables VII and VIII above. 

Both Lindquist (122, p.314) and Gulliksen (78, p.365) 

emphasize the importance of fitting the questions to the 

course outlines. This is the most important aspect in the 

selection of questions. It may mean that some questions 

with lower item criterion relationships must be used 

rather than some with higher criterion relationships which 
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are rejected. Within each topic or group of questions 

those with the highest discrimination indices should, of 

course, be selected. 

Item analysis results may show that an item should be 

deleted, while a consideration of subject matter may show 

that essential material is being tested in the item. In 

this case Lindquist (122, p.314) advocates a study of the 

item to determine the flaw in it and revision so that it 

will satisfy both the item analysis and subject matter 

criteria. He indicates that such changes should be made 

even though a subsequent tryout will not be made to deter, 

mine their efficiency. 

Various authors have indicated that the best level o£ 

difficulty is about fi£ty percent (188, p.340; 126, p.676; 

and 122, p.314). Inasmuch as the cCall-Long-Bliss valid

ity coefficient discriminates in favor of such items, no 

additional measure of difficulty was used in the selection 

of items for the tests. Use of an additional measure 

would tend to overemphasize this factor in the choice of 

questions. 

~ ! 2!, ~ -..re-..v_i_s-.e-.d examination. The revised form, 

Form A, of Part I of the examination appears in Appendix 

E, page 178. The distribution of questions a ong the 

topics listed in the course outline is shown in Table I 

on page 59. The distribution of questions among the aims 
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is shown in Table II, page 61. 

Part II of the revised . e~amination. The revised form,___.., ..... .._.. ......_, 

Form A, of Part II of the examination appears in Appendix 

E, page 183. The questions were selected in the same 

manner as for Part I. The distribution of questions among 

the course topics is shown in Table III, page 6J. 

The questions on the optional topics all showed low 

item validity coefficients. this is probably due to the 

fact that only about one half of the students received 

instruction on these topics. For this reason these ques

tions were omitted from the revised form of the 

examination. 

The distribution of the questions among the aims for 

Form A of Part II of the examination is shown in Table IV, 

page 65. 

Diagnostic Charts 

Diagnostic charts were prepared for use with the 

revised examinations, Forms A. These are shown on pages 

1$9 and 190 for Part I and Part II respectively. These 

charts may be used to locate areas o.f difficulty for the 

individual student. 

The diagnostic charts may also be used by the 

instructor to locate areas of difficulty which are common 

in a class. In this way the instructor can select review 

material to fit the needs of the particular class. 
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Revised .;:;S...;;.c...;;.o;;..re;;.s;;. .2!1 ~ f 

Flanagan (57, pp.603-604) has proposed that in select

ing the best possible combination of test items, use should 

be made of one of the short methods of determining the 

item-criterion correlation. On the basis of these correla

tions a group of questions should be selected to serve as 

the trial test. These scores should then be used to 

determine the correlation of the trial test with the 

criterion. 

\'lhen the selections of the questions for the final 

.forms of the tests had been made, the complete set of 

papers on the original forms of the tests ·was rescored. 

These scores were based on the questions which were to be 

retained on the revised form of the test. In order to 

determine how well the revised form of the test would pre

dict grades for the following term, these scores were cor

related with the grades earned the next term. The coef

ficients of correlation will furnish a measure of the 

validity of the tests for the purpose for which they were 

constructed. 

Part I of the examination. The revised scores and .._....... - ........ .._._, ..;.;..;.--.-...;...........-.....-. 

grades earned the next term are shown in Table XI, Appen

dix D, page 171. The coefficient of correlation of the 

revised scores with the grades earned the following term 

for Part I of the examination wa s .67. As was expected, 
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this correlation was not as high as that using the grades 

earned in the same term as the examination was given . The 

mean for this distribution of scores was 22.61. The 

standard deviation was 5.70. 

Part II of the examination. Revised scores and 
~ ......_, ._....... .- ...-;;i;;;;=.-..;;;;..;;;.;..;..;;.;;.;. 

grades earned the next term are shown in Table XII , Appen• 

dix D, page 174. The coefficient of correlation of the 

revised scores for Part II of the examination with the 

grades earned the following term was .56. The mean re

vised score was 22 . 40. The standard deviation was 6.20. 

The lower coefficient of corr elation for the r evised 

scores on Part II of the examination with grades earned. 

the following term may be due to several eauses: (1) the 

size of the group for Part II is smaller, (2) students 

who took this examination were going on to a more theo

retical type of algebra, and (3) the students of this 

group did not use the same textbook the follO\'ling term as 

did those who took Part I of the examination. Though not 

as high as for Part I, the correlation coefficient for 

scores on Part II is well above the median for such 

cot-relations. 

Prediction of Grades 
~~--

The mean revised scores for students who earned 

various letter grades the following term are shown in 

Table XIII , Appendix C, page 175. This table can be used 
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to predict from his score on the test the grade that a 

student is likely to earn the follow~g term. 

Data on Forms A _,_.._........... -
The revised forms (Forms A} of the tests were given 

to the elementary and intermediate algebra classes at the 

end of winter term 1953 for the purpose of establishing 

the reliability of these forms. The individual .scores for 

Part I are shown in Table XIV~ Appendix F, page 192, and 

those for Part II in Table XV, Appendix F, page 193. 

For Part I the mean was 22.60 and the standard devia

tion was 6.1;. For Part II the mean was 18.20 and the 

standard deviation was 6.70. Variations in this data from 

that which was determined for revised scores on Forms P 

(supra, p.94) were caused by this data being determined 

on di£ferent groups of students. Another reason for the 

differences is that the len~h of time available for 

instruction is different for fall and winter terms. 

To determine the reliability of revised forms of the 

tests each was again split into two halves on the basis 

of odd-numbered and even-numbered problems. These two · 

halves were then correlated to determine the coefficient 

of reliability. For Part I the split-half reliability 

coefficient was •79.. For Part II it was .80. 

The Spearman-·Brown prophecy formula was applied to 

the above coefficients of correlation to determine 
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reliabilities of the whole tests~ These were found to be 

.88 for Part I and .89 for Part II respectively. 

The index of reliability for Part of the test was 

.93; that of Part II was .94. 

~ £! Ohio Psychological Examination 

The Ohio Psychological Examination is given to the 

entering classes at Portland State Extension Center. The 

purpose of using this examination is to provide "a easure 

of scholastic aptitude to predict ability to do college 

work.n The scores on this exa ination and the grades that 

the students earned in mathematics courses are shown in 

Table XVI, Appendix G, page 197, for the students in the 

elementary group . The Ohio scores together wdth the 

grades earned are shown in Table XVII, Appendix G, page 

200, for the intermediate group. 

The coefficients of correlation of the Ohio Psycho

logical Examination with the grades which the students 

earned the follo~ang term were: for the elementary course 

.35, for the inter ediate course .21 . These correlation 

coefficients are lower than those obtained by using the 

algebra examination scores with grades . Ohio Psychological 

Examination scores and the revised scores for Part I of 

the algebra examination are shown in Table XVIII , Appendix 

G, page 202. Table XIX, Appendix G, page 205 , shows the 

Ohio scores and revised scores for Part I , For A of the 
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algebra examination. The correlation coefficient was 

obtained using the Ohio scores with the revised algebra 

examination scores and was .44 for Part I; for Part II 

it was .25. 

Multiple Correlation Coefficients 

To study the relation of the course grade to both the 

algebra examination score and the Ohio Psychological Exam

ination score, the multiple correlation coefficient was 

computed. For Part I of the examination the multiple 

coefficient of correlation was .66 and for Part II it was 

.56. For both groups, the multiple coefficient of cor

relation with grade was lower than that of the algebra 

examination alone. 



CHAPTER VI 

SUMMARY, CONCLUSIONS AND RECO~~nATIONS 

The mathematical backgrounds of entering students at 

Portland State Extension Center are so varied that a 

single course offering does not meet their needs. Some 

method of placing the students in mathematics courses 

which are commensurate with their abilities is needed. 

An achievement examination is the best criterion for such 

placement in mathematics courses. 

An examination which is used for placement should be 

developed for the particular group of students who are 

required to take the examination. This study was under

taken for the purpose of developing algebra placement 

.. examinations for entering students at Portland State · 

Extension Center. The· examinations were developed in two 

parts: Part I, covering topics of the elementary algebra 

course; and Part II, covering topics of the intermediate 

course. 

The questions for the preliminary forms, Forms P, of 

both parts of the examinations were developed from the 

content of the courses and the aims of the courses as 

stated above (supra, pp.59"-65). These questions were pre

pared in multiple-choice form offering five responses. 
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Forms P of the examinations were given to all students 

in the elementary and intermediate courses at the end of 

the fall term, 1952. The scores on these examinations 

were correlated with the grades earned in the respective 

courses. The coefficients of correlation yielded a meas

ure of the validity of the tests. For Part I this valid

ity coefficient was .77 and for Part II it was .66. 

The reliability of Forms P was measured by using the 

odd-even split-hal£ method. The coefficient of correla

tion between the halves of Part I was .73; for Part II 

it was .67. Elimination of the questions on the optional 

topics, logarithms and proportions, raised the correlation 

coefficient to .73 between the halves of Part II of the 

examination. The coefficients of reliability of t he whole 

tests were estimated by the Spearman-Brown formula. This 

gave reliability coefficients of .$4 for Part I and .80 

for Part II. Removal of the optional topics from Part II 

increased t his to .84. The index of reliability for Form 

P, Part I was .92 and for Part II was .89 (.92 with 

optional topics excluded). 

Item analysis methods were used for the selection of 

questions for the revised forms of the test. A simplified 

formula for the point-biserial coefficient of correlation 

was developed and used. Reduced point-biserial coeffi

cients of correlation and McCall-Long- Bliss validity 
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coefficients were computed for each item on the examina

tions. Questions were selected for the revised forms on 

the basis of these indices and the material contained in 

the course outlines. The questions were compared with 

the topics in the course outlines to assure an adequate 

distribution . 

All Form P papers were then rescored on the basis of 

the questions which were retained for the revised forms of 

the examinations. Scores on the revised forms were thus 

obtained for all students who took the original examina

tions. These revised scores were compared with the grades 

whi ch the students earned in their next algebra courses. 

The coefficients of correlation between these scores and 

grades earned the following term were .67 for Part I and 

.56 for Part II. 

The coefficients of correlation between the revised 

scores on the algebra tests and the scores on the Ohio 

Psychological Examination were also determined. These 

coefficients were .44 for Part I and .25 for Part II. 

The coefficient of correlation between the Ohio 

Psychological Examination scores and the grades earned by 

students in the elementary mathematics course was .35. 

For students in the intermediate mathematics course this 

coefficient was .21. 

Multiple correlation coefficients of grades with 
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revised algebra examination scores and Ohio Psychological 

Examination scores were computed. These coefficients 

were .66 for the elementary group and .56 for the inter

mediate group . These multiple coefficients of correlation 

of the scores on the two tests with grades are no higher 

than the coefficients obtained by using only the algebra 

examinations. Therefore, the use of the two tests to

gether does not predict grades with any more accuracy than 

do the algebra examinations alone. 

The mean revised algebra examination scores for stu

dents earning each let ter grade the following term were 

determined. These were shown in Table XIII, page 175. 

These tables can be used to predict, within limits, the 

grade a student will probably earn the following term. 

Predicted grades, of course, will be influenced by the 

instructor and his methods of instruction and grading as 

well as by changes in attitudes and interests on the part 

of the student. 

The revised forms of the tests, Forms A, were given 

to the elementary and intermediate classes during the win

ter termt 1953, for the purpose of establishing the reli

ability of this form of the test. The odd-even split

half method was used. This yielded correlation coeffi

cients of .79 for Part I and .SO for Part II . The 

estimated reliability coefficients o£ the whole tests 
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were .88 and .89 for Parts I and II respectively. The 

index of reliability for Part I, Form A was .9). For Part 

II, Form A it was . 94. 

As a means of diagnosing difficulties within the ele

mentary course, a chart listing the topics covered by each 

question on Part I was prepared.. This is shown in Appen

dix E, page 189 • • These charts can be used for analyzing 

the individual student's difficulties. 

Conclusions 

High school records are unsatisfactory for pla~ement 

of students in college mathematics courses. This is due 

in part to the time lapse which frequently occurs between 

the last mathematics course the student has taken and his 

enrollment in a mathematics course at Portland State. The 

variability of high school records also tends to make them 

unsuitable for placement purposes. 

The Ohio Psychological Examination which is given to 

the entering students at Portland State is also inadequate, 

either for predicting success in mathematics courses gen

erally or for placing the students in specific mathematics 

courses. 

Comparison of the entering students' test scores with 

those of students who have successfully completed the 

courses will provide a more satisfactory basis for 
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placement than has been available in the past. Students 

who start their thematics training with the intermediate 

or college algebra courses will be competing with many 

students who have taken the earlier courses at Portland 

State. It is important in placing such students to know 

how their backgrounds compare with those of other students 

who will be in the same classes. 

A student is not considered to be doing satisfactory 

work in mathematics at Portland State unless he is earning 

a grade of C or better. Thus it would seem that a stu

dent should make a score on Part I of the placement test 

which indicates he is likely to earn a Q in the inter

mediate course if he is to enter the intermediate course 

directly. Similarly, he should make a score on Part II 

of the examination that indicates he is likely to earn a 

Q in the college algebra course if he is to enter this 

course directly. 

From Table XIII, page 175, it appears that the most 

suitable score for determining. whether a student should 

be permitted to enter the intermediate course would be 

midway between the mean Q and D scores as this would be 

the approximate division point between these two groups 

of students . 

The examination developed in this study closely par

allels the content of the ele entary and intermediate 
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algebra courses given at Portland State Extension Center. 

Part I is intended for determining a student's mastery of 

the elementary course; Part II for determining a student's 

mastery of the intermediate course. Therefore, these 

examinations are more suitable for use at Portland State 

than are other examinations prepared elsewhere. 

The curricular validity of the examinations for use 

with the courses at Portland State has been established. 

The statistical validity of the examinations for predict

ing a student's grade also has been established. The 

reliability of the examinations has been established and 

the reliability coefficient and the index of reliability 

h~ been determined for each part of the examinations. 

Reliability of the tests is sufficiently high to make the 

tests useful for individual diagnosis. 

Individual diagnosis may be provided by use of the 

diagnostic charts which have been prepared for each test. 

These charts provide a basis for locating areas of weak

ness and for making the student aware of them. Use of 

the diagnostic charts will enable a student to locate his 

deficiencies at an early date before such deficiencies 

cause trouble in more advanced courses. Early location of 

extreme mathematical difficulties may prevent the loss of 

a student's time in a field of study for which he is not 

suited. 
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The diagnostic charts may also be used by the instruc

tors for determining areas of general ''feakness which need 

review by their classes. Such analysis would enable the 

instructors to select review topics to suit the needs of 

their particular classes. 

Use of the examinations developed here will provide 

an understandable and meaningful basis for placement of 

entering students. Entering students can be sho~m how 

their scores compare with those of students who have com

pleted the courses. Provision should be made, however , 

for the student who, despite all precautions, finds him

self misplaced. ~~en such cases occur, either through 

incorrect placement or because of unforeseen circumstances, 

the student should be moved to either a more advanced or 

a less advanced course as needed. 

The function of a mathematics placement examination 

is to segregate students according to their abilit.y to do 

work in the field of mathematics . To be suitable for this 

purpose, an examination should be objective and should be 

easy to use and to score. It should possess a high degree 

of reliability and should also possess a high degree of 

validity for the purpose for which it is to be used. The 

tests developed in this study have been shown to possess 

these characteristics. They also possess the additional 

advantages of closely paralleling the content of the 
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courses at Portland Stat·e and of providing a basis for 

diagnosis of difficulties in areas within these courses. 

Recommendations 

In view of the findings of this study it appears that 

the algebra examinations developed here will adequately 

meet the mathematical placement needs at Portland State 
. 

Extension Center. · Therefore, the examinat~ons are recom

mended for adoption and use in placement of entering 

mathematics students at Portland State. 

Students who enter with one year or less of high 

school algebra need to take only Part I of the examination 

to determine whether they are ready for the intermediate 

course. Those entering with more than one year of high 

school algebra should take Part II as well to determine 

whether they are ready for college algebra. 

Use of the diagnostic charts for students in the 

intermediate and advanced classes is recommended to aid 

the students in discovering areas of weakness. Use of 

these charts will enable the students to take positive 

steps to remedy such ~teaknesses as may be found. Exam

ination of the charts by the instructors will furnish 

information for the selection of review material to meet 

the particular needs of a class. 

Study of the results of future use of the examinations 
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through diagnostic methods is needed to determine whether 

modification of the mathematics curriculum might provide 

a more suitable program for incoming mathematics students. 

Continuous study of the examination scores of incom

ing classes should be made to keep the information on the • 

tests up to date. Minimum scores to be required on the 

examinations for entry into the intermediate and college 

algebra classes should be revie~red by the staff from time 

to time in view of new information obtained on new groups 

or students. 



108 

BIBLIOGRAPHY 

1. Adams, Sidney. Does face validity exist? Educational 
and psychological measurement 10:320-328. 1950. 

~. Adkins, Dorothy C. Construction and analysis of 
achievement tests. Washington, U. s. Government 
printing office, 1947. 292p. 

J. Adkins, Dorothy C. Efficiency of certain intelligence 
tests in predicting scholarship scores. Journal 
of educational psychology 28:129-134. 1937. 

4. Adkins, Dorothy C. and Herbert A. Toops. Simplified
formulas for item selection and construction. 
Psychometrika 2:165-171. 1937. 

5. Almack, John C. Research and thesis writing.
Cambridge, Houghton, 1930. 310p. 

6. Anastasi, Anne. The concept of validity in the inter
pretation of test scores. Educational and 
psychological measurement 10:67-78. 1950. 

7. Anderson, J. E. The effect of item analysis upon the 
discriminative power of an examination. Journal 
of applied psychology 19:237-244. 1935. 

8. Arkin, Herbert and Raymond R. Colton. An outline of 
statistical methods. 4th ed. New York, Barnes, 
1939. 224 + 47p. 

9. Arkin, Herbert and Raymond R. Colton. Tables for 
statisticians. New York, Barnes, 1950. 152p. 

10. Asker, William. The reliability of tests requiring
alternative responses. Journal of educational 
research 9:234-2~1. 1924. 

11. Barrett, Dorothy • Differential value of Q and L 
scores on the ACE psychological examination for 
predicting achievement in college mathematics. 
Journal of psychology 43:205-207. 1952. 



109 

12. Barry, R. F. An analysis of some new statistical 
methods for selecting test items. Journal of 
experimental education 7:221-228. 1939. 

13. Bedell, B. J. Determination of the optimum number 
of items to retain in a test measuring a single 
ability. Psychometrika 15:419-430. 1950. 

14. Benz, Harry E. Students entering college without 
credits in high-school mathematics. School 
review 54:334-341. 1946. 

15. Bernhart, Herbert. Concerning the first course in 
algebra. The mathematics teacher 45:10-12. 
1952. 

16. Bingham, W. V. Reliability, validity and dependabil
ity. Journal of applied psychology 16:116-122. 
1932. 

17. Bliss, E. F. The difficulty of an ite • Journal of 
educational psychology 20:63-66. 1929 • . 

18. Boynton, Marcia. Inclusion of "none of these" makea 
spelling items more difficult. Educational and 
psychological measurement 10:431-432. 1950. 

19. Brogden, H. E. Variation in test validity with 
variation in the distribution of item difficul
ties, number of items, and degree of the inter
correlation. Psychometrika 11:197-214. 1946. 

20. Brown, Kenneth E. General mathematics in American 
colleges. New York, Columbia university press, 
1943. 167p. 

21. Brownell, W. A. On the accuracy with which relia
bility may be measured by correlating test 
halves. Journal of experimental education 
1:204-215. 1933. 

22. Buros, Oscar Krisen. The nineteen forty mental 
measurements yearbook. New Brunswick, Rutgers
university press, 1941. 674p. 

23. Buros, Oscar Krisen. The nineteen forty-nine mental 
measurements yearbook. New Brunswick, Rutgers
university press, 1950. 1047p. 



110 

24. Butler, Charles H. and F. Lynwood Wren. The teaching
of secondary mathematics. New York, cGraw, 
1951. 550p. 

25. Capron, Virginia Lee. The relative effect of three 
orders of arrangement of items upon pupils' 
scores in certain arithmetic and spelling tests. 
Journal of educational psychology 24:687-695. 
1933. 

26. Carr, H. A. Reliability vs. the validity of test 
scores. Psychological review 45:435-440. 1938. 

27. Carter, H. D. How reliable are the common measures 
of difficulty and validity of objective test 
items? Journal of experimental psychology 
1):31-39. 1930. 

28. Casanova, Teobaldo. Analysis of the effect upon the 
reliability coefficient of changes in variables 
involved in the estimation of reliability.
Journal of experi ental education 9:219-228. 
1942 • . 

29. Chapanis, Alphonse. Notes on the rapid calculation 
or item validities. Journal of educational 
psychology 32:297-304. 1941. 

30. Clark, E. L. A method of evaluating the units of a 
test. Journal of educational psychology 19:263
285. 1928. 

31. Cole, Luella and Sidney Leavitt Pressey. Methods of 
handling test scores. Yonkers, World, 1926. 
60p. 

32. Commission on secondary school education, Progressive
education association. Mathematics in general
education. New York, Appleton, 1940. 423p. 

33. Congdon , Allan Ray. Training in high-school mathe
. matics essential for success in certain college

subjects. New York, Sureau of publications,
Teachers college, Columbia University, 1930. 
102p. 

34. Coombs, C. H. Concepts of reliability and homo
geneity. Educational and psycholQgical measure
ment 10:43-56. 1950. 



ill 

Cornell, Ethel L. and Warren w. Coxe'\ . A performance
ability scale. Yonkers, World, 1934. 88p. 

36. Cronbach, Lee J. A case study of the split-half
reliability coefficient. Journal of educational 
psychology 34:437'!"480. 1946. 

37. Cronbach, Lee J~ Essentials of psychological testing
New York, Harper-. 1949. 475p. 

38. Cronbach 2 Lee .J. Further evidence on response sets 
and test design'! Educational and psychologic.al · 
measurement 10:3-31.. 1950. 

39. Cronbach, Lee J . Test "reliability": its meaning
and determination. Psyehometrika 12~1-16~ 1947. 

40. Cureton, Edward E. Validity, reliability and baloney. 
Educational and psychological measurement 10:94
96. 1950. 

41. Cureton, Edward E. and J. vl . Dunlap. A nomograph for 
estimating a reliability coefficient by the 
Spearman-Brown formula and for computing its 
probable error. Journal of educational psy·
chology 21:68-69. 1930. 

42. Dalman, M. A. Hurdles, a series of calibrated objec.... 
tive tests in first year algebra. Journal of 
educational research 1:47-62. 1920. 

Davis, David R. The teaching of mathematics. 
Cambridge, Addison-Wessley, 1951. 415p. 

44 .. Davis, F. B. Notes on test construction: the reli
ability of item-analysis date. Journal ot 
educational p.syehology 37:385-.390.. 1946. 

45. Davis, Robert A. and Edward J. Rood. Remembering and 
forgetting arithmetic abilities.. Journal of 
educational psychology 38:216...222. 1947. 

46. DeBois, P. H. A note on the computation of bi~serial 
r in item validation. Psychometrika 7:143-146. 
I942. 

47. Denney, H. R. and B. H. Remmers . Reliability of' mul
tiple-choice measuring instruments as a function 
of the Spearman-Brown prophecy formula, II. Joul"
nal of educational psychology 31:699-704. 1940. 

http:psychologic.al


112 

Dudek, Frank J. A comparison of biserial r with 
Pearson r. Educational and psychological meas
urement !2:759-766. 1952. 

49. Dunlap, J. w. Note on the computation of bi-serial 
correlation in item evaluation. Psychometrika 
1:51-58. 1936. 

50. Ebel, Robert L. The construction and validation of 
educational tests. Review of educational 
research 20:87-97. 1950. 

51. Ely, Jerome H. Studies in item analysis 2: effects 
of various methods upon test reliability. Jour
nal of applied psychology 35:194-203. 1951. 

52. Ewers, D. w. F. Test constructors responsibility.
Journal of educational psychology 43:238-242. 
1952. 

53. Ficken, C. E. Predicting achievement in the liberal 
arts college. School and society 42:518-520. 
1935. 

54. Fine, Benjamin. Admission to American colleges. New 
York, Harper, 1946. 225p. 

55. Flanagan, John c. General considerations in the 
selection of test items and a short method of 
estimating the product moment coefficient from 
the data at the tails of the distributions. 
Journal of educational psychology 30:674-680. 
1939. 

56. Flanagan, John C. A proposed procedure for increasing
the efficiency of objective tests. Journal of 
educational psychology 28:17-21. 1937. 

57. Flanagan, John C. A short method for selecting the 
best combination of test items for a particular 
purpose. Psychological bulletin 33:603-604. 
19Jo. 

58. Flanagan, John C. The use of comprehensive ration
ales in test development. Educational and 
psychological measurement 11:151-155. 1951. 

59. Fontanella, M. A. Predictive tests and initial class
room achievement. School and society 73:394-395. 
1951. 



113 

60. Foreman, Earl. Improving the reliability of teacher
made tests. The school review 48:285-290. 1950. 

61 . Fritchey , Fred P. Developments in test scoring and 
analysis. Review of educational research 8:537
541. 1938. 

62. Froehlich , Gustav J. A simple index of test reli
ability. Journal of educational psychology 
32:381-385. 1941. 

63. Gage, N. L. and Dora E. Damrin. Reliability, homo
geneity, and number of choices. Journal of 
educational psychology 41:3$5-404. 1950. 

64. Garrett, Henry E. Statistics in psychology and educa
tion. 3rd ed. New York, Longmans, 1947. 487p. 

65. Gibbons, C. C. The predictive value of the most valid 
items of an examination. Journal of educational 
psychology 31:616-621. 1940. 

66. Gleser, Goldine C. and Philip H. DuBois . A successive 
approximation method of maximizing test validity.
Psychometrika 16:129-139. 1951. 

67. Good, Carter V., A. s. Barr and Douglas E. Scates. 
The methodology of educational research. New 
York , Appleton, 1941. S90p. 

68. Goodenough, F. L. Critical note on the use of the 
term reliability in mental measurement . Journal 
of educational psychology 27:173-178. 1936. 

69. Greene, Harry A. and Albert N. Jorgensen. The use 
and interpretation of educational tests. New 
York, Longmans, 1929. 389p. 

70. Greene, Harry A. , Albert N. Jorgensen and J. Raymond
Gerberich. Measurement and evaluation in the 
elementary school. New York, Longmans, 1942. 
639p. 

71. Greene, Harry A., Albert N. Jorgensen and J. Raymond
Gerberich. Measurement and evaluation in the 
secondary school. New York, Longmans, 1943. 

72. Guilford, Joy Paul. The determination of item diffi
culty when chance success is a factor. 
Psychometrika 1:259-264. 1936. 



114. 

7). Guilford, Joy .Paul. Fundamental statistics in 
psycholog~ and education. 2nd ed. New York, 
McGraw, 1950. 63Jp. 

74. Guilford, Joy Paul. The phi coefficient and ehi 
square as indices of item validity~ Psycho
metrika 6:11-19. 1941. ' 

75. Guilford, Joy Paul. Psychometric methods. New York, 
McGraw, 1936. 566p. 

76. Gulliksen, Harold. The relation of item difficulty
and interitem correlation to test variance and 
reliability. Psychometrika 10:79-91. 1945. 

77. Gulliksen, Harold. The reliability of speeded tests. 
Psyehometrika 15:259-269. 1950 

78. Gulliksen·, Harold. Theory of mental tests. New York, 
Wiley, 1950. 486p. 

79. Hahn, Milton E. and Malcolm S. McLean. General clin
ical counseling in educational institutions. 
New York, McGraw, 1950. 375p. 

80. Hamilton, C. Horace. Bias and error in multiple
choice tests. Psychometrika 15:151-168·. 1950. 

81. Hart, William 1. Some debatable facts and some sug
gestions. The mathematics teacher 31:355-362. 
1938. 

82. Hartung, Maurice L. Evaluating appreciation of the 
culture values of mathematics. School science 
and mathematics 27~168-181 • .1937. 

8J. Hartung, Maurice L. A forward look at evaluation. 
The mathematics teacher 42:29-33. 1949. 

84. Hartung, Maurice L. Teaching of mathematics in 
senior high school and junior college. Review 
of educational research 12:425-434.. 1942. 

85. Hawkes, Herbert E., E.: F. Lindquist and c. R. Mann. 
The construction and use. of achievement exam
inations. Cambridge, Houghton, 1936. 497p. 

86.. Hedrick, F. R. Mathematics in the national emergency.
The mathematics teacher 35:253-259· 1942. 



115 

87. Held, Omar C. A college mathematics placement test. 
Journal of higher education 13:39-40. 1942. 

88. Henry, Lorne J. A comparison of the difficulty and 
validity of achievement test items. Journal of 
educational psychology 25:537-541. 1934. 

89. Herfindahl, Orris C. An application of chi-square 
to the determination of the discriminating power
of test questions • . Journal of educational 
psychology 40:371-377. 1949. 

90. Holzinger, K. J. On scoring multiple response tests. 
Journal of educational psychology 15:445-447. 
1924. 

91. Hopkins, L. Thomas. The construction and use of 
objective examinations. Boulder, University of 
Colorado, 1926. 119p. 

92. Horst, A. P. The chance element in the multiple
choice test item. Journal of general psychology
6:209-211. 1932. 

93. Horst, A. P. The economical collection of data for 
test validation. Journal of experimental educa
tion 2:250-253. 1934. 

94. Horst, A. P. Item analysis by the method of succes
sive residuals. Journal of experimental educa
tion 2:254-263. 1934. 

95. Horst, A. P. Item selection by eans of maximizing 
function. Psychometrika 1:229-244. 1936. 

96. Horst, A. P. Optimal test length for maximum battery
validity. Psychometrika 16:189-202. 1951. 

97. Hoyt, Cyril J. and Clayton L. Stunkard. Estimation 
of test reliability for unrestricted item scor
ing methods. Educational and psychological 
measurement 12:756-758. 1952. 

98. Hsu, E. H. A note and some suggested methods for the 
determination of the validity coefficient. Jour
nal of educational psychology 39:304-307. 1948. 

99. Jones, George A. A. and H. R. Laslett. The prediction
of scholastic success in college. Journal of 
educational research 29:266-271. 1936. 



116 

100. Jordan, R. c. An empirical study of the reliability
coefficient. Journal of educational psychology
26:416-426. 1935. 

101. J·oyal, Arnold E. Predictive tests and . initial class
room achievement. School .and society 73:394
395. 1951. 

102. Jurgensen, c. E. Note on Ely's "effects of various 
methods upon test .reliability" . Journal or 
applied psychology 35:204 •. 1951. 

103 .. Kaitz, H. G.. A note .on reliability. Psychometrika . 
10:127-131. 1945. 

104. Kandel, I. L. History of secondary education. 
Boston, Houghton, 1930. 557p. 

105. Keller, M. w. and H. s. F. Jonah. Measures for pre
dieting succes.s in a first course in college
mathematics. The mathematics teacher 41:350
355. 1948. 

106. Kelley, Truman L. The reliability coefficient. 
Psychometrika 7:75-83. 1942. 

107. Kelley, Truman L. The reliability of test scores. 
Journal of educational research 3:370-379. 1921. 

108. Ke.lley, Truman L. Statistical method. New York, 
Macmillan, 19ZJ. 385p. 

109. Kidd~ Kenneth Paul. Objectives of mathematical 
training in the public junior college.
Nashville, George Peabody College for teachers, 
1948. 167p. 

110. Kille, Frank R. The value of college entrance exam
inations to the student. School and society 
74:247-250. 1951. 

111. Kinney, Lucien B. Criteria for aims in mathematic.s. 
The mathematics teacher 41:99-10). 1948. 

112. Kinney Lucien B. Mathematics in the curriculum. In 
Harl L. Douglass' The high school curriculum. 
New York, Ronald press company, 1947, pp.496-.510. 



117 

113. Kossack• C. F. Mathematics placement at the univer
sity of Oregon. American mathematical monthly 
49:234-237. 1942. 

114. Kroll, A. Item validity as a factor in test 
validity. Journal of educational psychology 
31:425-436. 1940. 

115. Kuder, G. F. Nomograph for point bi-serial ~~ and 
bi-serial r, and four-fold correlations. 
Psychometr!ka 2:135·138. 1937. 

116.· Kuder, G. F. and M. w. Richardson. The theory of 
estimation of test reliability. Psychometrika 
2:151-160. 1937. 

117. Landis, John and Frances Swineford. Questioning the 
questions. College board review 11:142-147. 
1950. 

118. Lankton, Robert. Lankton first year algebra test-
manual of directions. Yonkers, World, 1951. 7p. 

119. Lawshe, E. H. and J. s. Moyer . Studies in item 
analysis: 1. The effects of two methods of 
item validation test reliability. Journal of 
applied psychology 31:271-277. 1947. 

120. Leaf, Curtis T. Prediction of college marks. Jour
nal of experimental education 8:303-307. 1940. 

121. Lev, Joseph. Evaluation of test items by the method 
of analysis of variance. Journal of educational 
psychology 29:623-630. 1938. 

122. Lindquist, Everett Franklin. Educational measure
ment . Washington , American council on education, 
1951. 819p. 

123. Lindquist, Everett Franklin. A first course in 
statistics. Revised. Boston , Houghton , 1942. 
242p. 

124. Lindquist, Everett Franklin. Statistical analysis in 
educational research. Boston , Houghton, 1940. 
266p. 

125. Lindquist, Everett Franklin and William Maucker . 
Objective achievement construction . Review of 
educational research 5:469-483. 1935. 



118 

126. Long, John A. The comparative merits of several 
techniques for determining validities of test 
items. Psychological bulletin 31:676. 1934. 

127. Long, John A., et al. The validation of test items. 
Toronto, OntariO, 1935. 126p. (University of 
Toronto. Department of educational research. 
Bulletin no. 3) 

128. McCall, William A. Construction of the multimental 
scale. Teachers college record 27:394-415. 
1926. 

129. McCall, William A. How to measure in education. 
New York, Macmillan, 1922. 416p. 

130. McCall, William A. Measurement. New York,. Mac
millan , 1935. 535p. 

131. McNemar, Quinn. The revision of the Stanford-Binet 
scale. Boston, Houghton, 1942. 189p. 

132. Mallory, Virgil S. and Howard F. Fehr. Mathematical 
education in war-time. Mathematics teacher. 
35:291-298. -1942. 

133. Marshall, Max S. Who wants to know? School and 
society 75:385-389. 1952. 

134. Marshall t • V. Some factors \'lhich influence success 
in college algebra. Mathematics teacher 32:172
174. 1939. 

135. Meder, Elsa 1. and Edwin Eagle. Measurement and 
evaluation in the teaching of mathematics and 
science. Review of educational research 18: 
350-363. 194S • . 

136. Miller, George Frederick. Objective tests in high
school subjects. Norman, Oklahoma, George 
Frederick 14il1er, 1926. 168p. 

137. Mode; Elmer B. The elements of statistics. New 
York, Prentice, 1941. 378p. 

138. Mollenkopf, William G. An experimental study of the 
effects of item-analysis date of changing item 
placement and test time limit. Psychometrika
15:291-315. 1950. 



119 

139. Mollenk9pf, William G. Slow--but how sure? College
board review 11:147-151. 1950. 

140. Monroe, Paul. Encyclopedia of educational research. 
Revised. New York, ~cmillan , 1950. 1520p. 

141. Monroe; Walter S. An introduction to the theory of 
educational measurements. Boston, Houghton,
1923. 364p. 

142. Monroe, Walter s. and L. B. Souders. Present ~tatus 
of written examinations and suggestions for 
their improvement. Urbana, Illinois, 1923. 
77p. (Univereity of Illinois. Bureau of e~uca
tional research. Bulletin no. 17) 

143. Newsom, C. V. A course in college mathematics for 
a program of gener l education . Mathematics 
teacher 42:19-28. 1949. 

144. Neyman, J. First course in probability and statis
tics. New York, Holt, 1950. 350p. 

145. Nowlan, F. s. Objectives in the teaching of college
mathematics. The American mathematical monthly 
57:73-81. 1950. 

146. Osburn, w. J. The selection of test items. Review 
or educational research 3:21-32 , 62-65. 1933. 

147. Otis, Arthur S. Statistical methods in educational 
measurement. Yonkers, World, 1926. 337p. 

148. Patterson, Donald G. Preparation and use of new 
type examinations. Yonkers, World, 1927. S?p. 

149. Peterson, Thurmond s. Intermediate algebra for 
college students. New York, Harper, 1942. 
358p. 

150. Potter, Mary A. Testing . The mathematics teacher 
44:83-86. 1951. 

151. Read, C. B. A note on reliability by the chance 
halves method. Journal of educational psy
chology 30:703-704. 1939. 

152. Reeve, • D. Objectives in the teaching of mathe
matics. The mathematics teacher 18:385-405. 
1925. 



120 

153. Remmers, H. H. and R. I-1. Adkins. Reliability of' 
multiple-choice measuring instruments as a 
function of the Spearman-Brown prophecy formula,
VI. Journal of educational psychology 33:385
390.. 1942. 

154. Remmers, H. H. and Edwin Ewart. Reliability of 
multiple-choice measuring instruments as a 
function of the Spearman-Brown prophecy formula , 
III. Journal of educational psychology 32:61
66. 1941. 

155. Remmers, H. H. and N. L. Gage. Educational measure
ment and evaluation. Ne\tJ York , Harper • 1943. 
5BOp. 

156. Remmers, H. H. and J. ).,. House . Reliability o£ 
multiple-choice measuring instruments as a 
function of the Spearman-Brown prophecy formula, 
IV. Journal of educational psychology 32:372
376. 1941. 

157. Remmers, H. H., L. E. Marschat, and I. Chapman.
Experimental study of the relative difficulty
of true-false, multiple-choice, and incomplete
sentence types of' examination questions. Jo~r
nal of educational psychology 14:367-372. 1923. 

158. Remmers, H. H. and H. w. Sageser. Reliability of 
multiple-choice measuring instru ents as a 
function of the Spearman-Brown prophecy formula,
V. Journal of educational psychology 32:445
451. 1941. 

159. Richardson, M. W. Notes on the rationale of item 
analysis. Psychometrika 1:69-76. 1936. 

160. Richardson, M. vl . and J. M. Stalnaker. A note on 
the use of bi-serial r in test research. Jour
nal of general psychology 8:463-465. 1933. 

161. Rinsland, Henry D. Constructing tests and grading.
New York, Prentice, 19)7. 323p. 

162. Robinson, Francis P. Principles and procedures in 
student counseling. New York, Harper , 1950. 
)2lp. 



121 

163. Ross , Clay Campbell. .r.teasure ent in today' s schools. 
2nd ed. New York, Prentice, 1947. 55lp. 

164. Royer, E. B. A machine method for computing the 
biserial correlation coefficient in item 
validation. Psychometrika 6:55-59. 1941. 

165. Ruch, Giles Murrell. The improvement of the written 
examination~ Chicago, Scott, 1924. 193p. 

166. Rueh, Giles Murrell. The obje~tive or new type
examination. Chicago, Scott 1 1929. 478p. 

167. Ruch, Giles Murrell. Recent developments in statis
tical procedures. Review of educational 
research 3:33-40. 1933· 

168. Ruch, Giles 1urre11 and G. D. Stoddard. Comparative
reliabilities of five types of objective exam
inations. Journal of educational psychology 
16:89-103. 1925. 

169. Rulon, P. J. On the validity of educational tests. 
Harvard educational review 16:290-296. 1946. 

170. Rulon, P. J. A simplified procedure :for determining
the reliability of a test by split-halves.
Harvard educational review 9~99-103. 1939. 

171. Schorling, Raleigh. Let's come to grips with the 
guidance problem in mathematics. The mathema
tics teacher 42:25-28. 1949. 

172. Seashore, C. E. College placement examination. 
School and society 20:575-580. 1924. 

173 .. Seaward, Helen Pauline. Retention and forgetting
during summer vacation. Yonkers, World, not 
dated. tp. (Test service bulletin no. "71) 

174 .. Smith, B. Othanel. Logical aspects of educational 
measurement. -New York, Columbia University 
press, 1938. 182p. 

175. Smith, ~~x . The relationship between item validity
and test validity. · New York, Bureau of publica
tions, Teachers college, Columbia University,
1935. 272p. 



122 

176. Smith, Max. The relationship between item validity
and test validity~ Ne,.., York, Bureau of publica
tions, Teachers college, Columbia University,
1934. 40p. (Columbia University, Contributions 
to education, no.. 621) 

177. Snader, Dan W~ Snader general mathematics test
manual of directions.. Yonkers, World, 1951. 7p. 

178. Snedecor, George w. Statistical method·s .. Ames, 
Iowa state college press 1 1946. 485p. 

179. Steelman, John R. Manpower for research. A report 
to the President in United States .President's 
scientific researen board's Science and public
policy, vol. 4. Washington , U. s. government
printing office, 1947. 166p. 

180. Stephenson, William. Factorizing the reliability
coefficient. British journal of psychology 
25:211-216. 1934. 

181. Super, Donald E. Appraising vocational fitness. 
Ne York, Harper , 1949. 727p. 

182. Swineford, Frances. Biserial £ versus Pearson r 
as measures of test-item validity. Journal-of 
educational psychology 27:471-472. 1936. 

183. Swineford, Frances and Karl J. Holzinger. Selected 
references on statistics, the theory of test 
construction, and factor analysis. The school 
review 59:489-497. 1951. 

184. Syer, Henry w. A cooperative plan to share objec
tive-type test items. The mathematics teacher 
44:302-306. 1951. ' 

185. Taylor, Calvin w. Maximizing predictive efficiency
for a fixed total testing time. Psychometrika 
15:391-406. 1950. 

186. Thorndike, R. L. Tests as resear<m instruments: 
validity and the criterion. Review of educa
tional research 21:454-455. 1951. 

187. Thurstone, L. L. The reliability and validity of 
tests. Ann Arbor, Michigan , Edwards Brothers, 
1931. 113p. 



123 

Thurstone, T. G. The difficulty of a test and its 
diagnostic value. Journal of educational 
psychology 23:335-343. 1932. 

Tiegs, Ernest w. Tests and measurements for 
teachers. Cambridge, Houghton, 1931. 470p. 

190. Tiegs, Ernest W. Tests and measurements in the 
improvement of learning. Cambridge, Houghton, 
1939. 490p. 

191. Travers, Robert M. w. How to make achievement tests. 
New York, Odyssey press, 1950. l$Op. 

192. Travers, Robert M. W. A note on the value of 
customary measures of item validity. Journal 
of applied psychology 26:625~632. 1942. 

193· Travers, Robert M. W. The prediction of achievement. 
School and society 70:293-294. 1949. 

194. Travers, Robert M. w. Rational hypotheses in the 
construction of tests. Educational and psycho
logical measurement 11:12$-137. 1951. 

195. Traxler, Arthur E. Techniques of guidance . New 
York, Harper, 1945. 394p. 

196. Turney, Austin H. The concept of validity in mental 
and achievement testing. Journal of educational 
psychology 25:81-95. 1934. 

197. Weidmann, C. C. Reliability or consistency coeffi
cient. School and society 31:674. 1930. 

198. Weitzman , Ellis and 1alter J. McNamara. Constructing
classroom examinatio·ns. New York, American 
book-Stratford press, 1949. 153p. 

199. Wesman , A. G. The effect of speed on item-test 
correlation coefficients. Educational and 
psychologi~al measurements 9:51-57. 1949. 

200. West, P. V. A critical study of the right-minus
wrong method . Journal of educational research 
8:1-9. 1923. 

201. Wherry, · R. J. Test selection and suppressor vari
ables. Psychometrika 11:239-247. 1946. 



124 

202. 

203. 

204. 

205. 

206. 

207. 

208. 

~fuerry, R. J. and R. H. Gaylord. The concept of 
test and item reliability in relation to factor 
pattern. Psychometrika $:247-264. 1943. 

Whipple, Guy Montrose. Manual of mental and physical 
tests. Baltimore, Warwick and York, 1914. · 354p. 

Whitney, Frederick Lamson. The elements of research. 
3rd ed. New York, Prentice, 1950. 539p . 

Williamson, E. G. Decreasing accuracy of scholastic 
predictions. - Journal of educational psychology · 
2$:1-16. 1937. 

Wood, Benjamin DeKalfe. I easurement in higher educa
tion. Yonkers, World, 1923. 337p. 

Woody, Clifford and Paul V. Sangren. Administration 
of the testing progra • Yonkers, World, 1933. 
397p. 

Zubin, Joseph. The method of internal consistency · 
for selecting test items. Journal of educa
tional psychology 25:345-356. 1934. 



125 

APPENDICES 

I 



126 

APPEJDIX A 

PRELI· NARY FORMS OF EXA N TIO S, FOIU~ P 

Directions to Students 

Part I, Form P, Elementary Examination 

Part II, Form P, Intermediate Examination 
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ALGEBRA EXAMINATION 
FORM P 

STUDENTS FILL IN THE FOLLOWING SCORES: Part I 
An~er All Questions Below Part n·-,-

Total 

Date Student 1 s Name---------- --~--~------~----~-------(Last) (First)Major Field___________________ 

Previous Mathematical Training 

High Sohool Years College Years 

General Math. ____ Algebra 
Algebra Geometry 
Geometry Trigonometry 
Trigonome~ry Analysis 
Senior Math. 

Total Total 

DIRECTIONS TO STUDENTS. READ CAREFULLY. 

1. Do not open this test till told to begin. 

2. Work rapidly and carefully. An~er as many questions as you oan 
but ·do no~ _ m~ke wild guesses. 

3. Take the questions in any order that you prefer. 

4. Stop promptly when time is called. You may not have time to 
answer all questions. 

5. Use backs of pages and m~rgins for your soratohwork. 

6. Do not ask questions after the examination begins. 

Copyright 1953 by 
William o. Buschman 

Reproduction by mimeograph, hectograph, or any other way, whether 
sold or furnished free for use, is a violation of the oopyright law. 
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ALGEBRA EXAMINATION 

PART I FORM P 

(Elementary) 

Directions: Select the proper an5Wer to the problem and cheok the 
appropriate an~er in the space at the right. 

a b c ~i e 
Example: The sum of 6 and 2 'is Ex.( ) ( ) ( ) (VJ ( ) 

(a) 7 (b) 3 (o) 12 (d) 8 (e) none of these 

Since 8 is the correct an~er a check should be plaoed in the 
(d) space. 

a c d e 
1. An exponent in the expression 12ax3 is 1. ( ) ( ) ( ) ( ) ( ) 

(a) x (b) 12 (c) 12a (d) 2 (e) 3 
a b o d e 

2. The coefficient of~ in the expression 2. ( ) ( ) ( ) ( ) ( ) 
12a3b•x ·is 

(a) 12 (b) a3b• 
(d) 12ab (e) ab 

a b o d · e 
3. An expression of the type 3. () () ( )() () 

4~• • 2ax - ab• is oa~led a (an)
.,... . 

(a) trinomial (d) quotient 
(b) binomial (e) product 
(o) equation 

4. T.he distributive law of multiplication 4. ( ) ( ) ( ) ( ) ( ) 
states 

(a) x(y + z) = xY + xz 
(b) x(r +- z) = (y + z)x 
(o) (x + y) +-z =x + (y + z) 
(d) x(yz) ·= xy.xz 
(e) none of these 

(IP·l) 
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5o The commutative law of addition states 5. 
a 

( ) 
b o d 

( ) ( ) ( ) 
e 

( ) 

6. 

(a) X +· (y + Z ) := (X + y) + z 
(b) x(y + z) =xy + xz 
(c) X + y =y + X 
(d) X+ y = z(x +-y)z 
(e) xyz 2 x + y + z 

The expression for the area of 
circle is 

a 6. 
a b o 

( ) ( ) ( ) 
d 

( ) 
e 

( ) 

(d) 4nr:s-r 

7. The formula for the total area 
closed box of dimensions ~~ ~~ 

of a · 
and ~~ is 

7. 
a b o 
() () () 

d 
( ) 

e 
( ) 

8. 

(a) 2a + 2b .... 2o 
(b) 2(ab + ao + bo) 
(o) 4ab + 2bo 

The oiroumferenoe of a 

(a) nr• (b) T (o) 

(d) 6abo 
(e) (a+ b 

oirole is 

nr (d) nd 

+· o)• 

(e) 

8. 

2nd 

a 
( ) 

b 
( ) 

o 
( ) 

d 
( ) 

e 
( ) 

9. The units and tens digit of a number 
!. and r_ respectively. .The number is 

are 9. 
a 

( ) 
b 

( ) 
o d 

( ) . ( ) 
e 

( ) 

10. 

(a) xy-
(b) lOy + x 
(o) lOx + y 

(d) lOxy 
(e) lO(x + y) 

If the sum of two numbers ·is 17 and 
their difference is 6, then the equa
tion needed to find the numbers is 

10 0 

a 
( ) 

b 
( ) 

o 
( ) 

d 
( ) 

e 
( ) 

(a) 
(b) 
(o) 
(d) 
(e) 

x + (x + 6) • 17 
x • (x - 6) + 17 
X + 6 2 17 + X 
5x 2 x + 17 
X • 17 +· X 

(IP-2.) 
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11. 

12. 

13. 

14. 

15. 

16. 

17. 

a b c d e 
An expression for a number added to 11. ( ) ( ) ( ) ( ) ( ) 
30% of itself is 

(a) n + .3Qin (d) 1.30n 
(b) (n + 30 )n (e) n + .30 
(c) 1.30~ 

a b c d e 
If the f i rst 10 words of a telegram 12. ( ) ( ) ( ) ( ) ( ) 
cost soi and each additional word costs 
s¢, the total cost C in cents of n 
words is - 

(a) 100 + 5n (d) 50 + 5n \ 
(b) (50 + 5 )n (e) none of these 
(c) SOn + 5 

a b o d e 
A formula for time is 13. ( ) ( ) ( ) ( ) ( ) 

(a) t = ~ (b) d ~ rt (c) r =~ 

(d) t =rd (e) t =!. 
d 

. 

a b c d e 
Find the area of a circle of diameter 14. ( ) ( ) ( ) ( ) ( ) 
14(n = 22/7). 

(a) 308 (b) 44 (o) 88 (d) 616 
(e) 154 

a b c d e 
If pv =6t, find~ if p =24 when t = 2. 15. ( ) ( ) ( ) ( ) ( ) 

(a) 8 (b) 4 (c) .!. (d) 16 (e) 24 
2 

a b c d e 
Find the area of a ' trapezoid of height 16. ( ) ( ) ( ) ( ) ( ) 
8 and bases 4 and 7. 

(a) 88 (b) 112 (o) 84 (d) 46 
(e) none of these 

a b o d e 
If an investment of $1000 earns 4% in• 17. ( ) ( ) () () ( ) 
terest and another investment of $2000 
earns 6~, then the expression for the 
annual earnings in dollars is 

(a) 4(1000) + 6(2000) (d) .04(1000) + .06(2000) 
(b) .04 (2000) + .06 (1000) (e) ( .ou;) ( 1000) +· ( .06%) ( 2000) 
(c ) ( 010 )( 3000 ) 

(IP-3) 
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a b c d e 
18. (a + 2a2 + 1) - 2(1 - a) ~ 18. ()()()()() 

(a) 2a2 - a + 1 (d) 2a2 - 2 
(b) 1 - a +- 4a2 (e) 3a + 2a2 
(c) 2as:t + 3a - 1 

a b c d e 
19 0 Subtract (4x - 7y + z) from (3x- y). 19. ()()()()() 

( 

(a) x - 6y + z (d) X - 8y + Z 
(b) -x +· 6y - z (e) -x + 8y + z 
(c) x + 6y - z 

a b 0 d e 
20 0 (x3 - 3x - 2) - 3(1 - x) = 20 . ( ) ( ) ( ) ( ) ( ) 

(a) x3 + x - 5 (d) x3 - 6x - 5· 
(b) x3 + 1 (e) x3 - 5x + 1 
(c)· x3 - 5 

a b c d e 
21. Simplify~ 7y + (2y - 5y) = 21. ()()()()() 

(a) 2y (b) 14y (c) 7y - 3y 
(d) 4y (e) 4 

a b c d e 
22. (26xy) + (-2x) ~ 22. ()()()( ) ( ) 

(a) 13y (b) -.52x2y (c) 24y 
(d~ -xy (e) ·13y 

a b 0 d e 
23. (15a2b3c4 - 20a3b2c3) + (-5a2b2c2) ~ 23. ()()()()() 

(a) 4bc - 3bcll (d) 3bc + 4ac 
(b) 4ao - 3b•o• (e) 3b2c2 - 4ao 
(c) 4ao - 3bc2 

a b 0 d e 
24 0 Simplify~ 2.4. ()()()()() 

(x3 - x2 + 4) - (5 + x:a - x3) ,. 

(a) x3 - x2 - 1 (d) 2x3 - 2x:a • 1 
(b) x3 - 1 (e) -2x2 - 1 •(c) 2x3 + 2x2 +· 9 

a b c d e 
25 0 (3x + 2y) - (2x - y) = 25. ()()()()() 

(a) x - y (d) Sx - 3y 
(b) Sx + 3y (e) x - 3y 
(c) x .... 3y 

(IP-4) 
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a b o d e 
26 • Simplify~ 26. ( ) ( ) ( ) ( ) ( ) 

5a- 2a[-2(1 - 2a) - i] ~ 6 ~ 

(a) 7a + 3 (b) 7a + 5 (o) a+ 5 
(d) 7a + 6 (e) none of these 

a b o d e 
27. (x- 3)(2x + 1) = 27. ( ) ( ) ( ) ( ) ( ) 

(a·) 2x2 - 5x - 3 (d) 3x - 2 
(b) 2xS! - 3 ( e ) 2xS! - 5x -+~· 3 
(o) 2xe - 7x - 3 

a b o d e 
28. Add: 2aS!- 6ab + 3bli!; -aS!+· bli!; and 28 • ( ) ( ) ( ) ( ) ( ) 

3ab - 4b2 

(a) a2 - 2ab + 4b2 (d) aa - 3a9 
(b) asa - 6ab (e) 2aS! - 3ab - bli! 
(o) asa - 6ab +- bli! 

a b o d e 
29. Evaluate the expression x - tx . 29. ( ) ( ) ( ) ( ) ( ) 

when x = 0.8. 

(a) 1.6 (b) .12 (o) o.e (d) -1.2 
(e) 0 o4: 

a b o d e 
30. If L =a+ (n- l)d, find L when d =2, 30. ( ) ( ) ( ) ( ) ( ) 

a = 6 , and n = 11 • . 

(a) 60 (b) 26 (o) 28 (d) 78 
(e) 24 

a b o d e 
31. The oiroumference of a oirole of 31. ( ) ( ) ( ) ( ) ( ) 

radius 14 is (n =22/7) 

(a) 308 (b ) 44 ( o) 88 
(d) 616 (e) 154 

a b o d e 
32. (-2xy)(2x2y)a,. 32. ( ) ( ) ( ) ( ) ( ) 

a b o d e 
33. (-xy)3(xy)(xay),. 33 • ( ) ( ) ( ) ( ) ( ) 

(a) -x4y3 (b) -x~5 (o) x6y5 
(d) x5y6 (e) -x313 

(IP-5) 
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a. b o d e 
34. (x• - 2xy + y• ): + (x - y) • 34 . ( ) ( ) ( ) ( ) ( ) 

I 

(a,) X • y (b) X + y (0) X • 2y 
(d) X • 2 (e ) X • xy' + y ', 

a. b o d e 
36. {xl!l- 2x•- 14x ·~ ~ 6) + (x- 6) • 36. ( ) ( ) ( ) ( ) ( ) 

(a.) x• +" 1 (d) x• • 2x + 1 
(b) x• • 2x • 14 (e) x• + 3x + 1 
(o) x• • 3x +· 1 

a b o d e 
36. (3m•nl!l- 9mn•- 6m•n) + (-3mn). 36. ( ) ( ) ( ) ( ) ( ) 

(a) mn + 3n + 2m (d) mn + 3n• + 2m• 
(b) -mn• + 3n + 2m (e) mn• • 6mn 
(o ) mn• • 3mn + 2 

In problems 37 to 39 ' evalua.te using the values 
a • 1, b • •l, o • 2, and d • ·3• 

a b 0 d e 
37. (a + b) (o + d) • 37. ()()()()() 

(a~ 12 (b) -1/6 (o) ·12 (d) 0 
(e none or these 

a b 0 d e 
38. (b - 0 )1!1 • 38. ()()()()() 

(a) 8 (o) -27 (o) ·8 (d) 27 
(e) none or these 

a. b 0 d e 
39. a d 39 . ()()()()()-•o=r·0 0• 

(a.) ·6 (b) 1/2 (o) •l l/2, (d) ·l 
(e) none or these 

a b 0 d e 
40. rr x5 - 3x• ... 2x + 11 is divided by 40. ()()()()() 

x • l the remainder is 

(a) 7 (b) 1 (o) ·5 (d) 3 (e) 6 
a b 0 d e 

41. A method or long division wbioh make's 41. ( ) ( ) ( ) ( ) ( ') 
use ~r only the ~oerrioients is oa.l1ed 

(a.) short division (d) runotiona1 notation 
(b) synthetio division (e) long division 
(o) synthetic substitution 

(IP·6) 

http:evalua.te
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42. If g(x) = 2x- 3 find [3g(-1))2 42. 
a b c d e 
()()()()() 

43. 

(a) 81 (b) 9 (c) 225 (d) 64 
(e) none of these 

If f(x) =x3- 3x + 2 find f(-2). 43. 
a b c d e 
()()()()() 

44. 

(a) -8 (b) 

Solve for x: 

16 

6x 

(c) 4 

- 2 = 3x 

(d) -16 

+ 10 

(e) 0 

44. 
a b c d e 
()()()()() 

45o 

(a) . 14 (b) 4 
(e) -4 

Solve for x: x-

(c) 4/3 

- (1 - x) 

(d) -4/3 

= 7 45. 
a b c d e 
()()()()() 

46. 

(a) 4 (b) 6 (c) -1 
(e) none of these 

Solve for x: 2 - 2x = 6 

(d) 8 

46. 
a b c d e 
()()()()() 

47 o 

(a) 2 (b) -4 
(e) -3 

FSolve for C: 

(c) -2 

=~ +· 325 

(d) -1/2 

47 0 

a b c d e 
()()()()() 

(a) SF - 32 
9 

(d) 5F - 160 
9 

(b) 9 (SF - 32) 

(c)~F-32 
(e) .@.F- 32 

5 . 

48 0 Solve for x; 4ax - 9ab = 3ab 48 0 

a b c d e 
()()()()() 

49. 

(a) 3ab (b) 3b (c) 3(a + b) 
(d) -6a +- 3b (e) 6ab 

Solve for x: 
(x + 3c)(x-- 2c) = (x + 4c)(x - c) 

49. 
a b c d e 
()()()()() 

50. 

(a) 4c (b) 2c 

Solve for x: 3x 

(c) -c (d) 

- (2x + 5) : 

2 

3 

(e) 0 

50. 
a b c d e 
()()()()() 

(a) 2 (b) 8 (c) -3/4 (d) -2 (e) 0 

t 
(IP-7) 
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a b o d e 
51. Solve for h: V ::z fnd2h 51. ( ) ( ) ( ) ( ) ( ) 

(a) V (b) 4V (o) ,~
4ndi ndi \{ih' 

(d) 4Vndfl 

a b o d e 
52. The sum of two numbers is 68 and half 52 • ( ) ( ) ( ) ( ) ( ) 

of their diff8'~noe is 4. Find the 
numbers. 

(a) 30 and 36 (d) 32 and 36 
(b) 28 ·and 40 ( e ) 24 alld 34 
(o) 30 and 38 

a b o d e 
53. Find a number suoh that one half of 53 • ( ) ( ) ( ) ( ) ( ) 

it added to one third of it is equal 
to ten. 

(a) 10 (b) 12 (o) 60 (d) 24 (e) 15 
a b o d e 

54. 'l'w"o autos traveled at .rates of 40 and 54. ( ) ( ) ( ' ( ) ( ) 
Zomiles per hour respeoti~ely. r:r 
the faster oar travels 3 hours longer 
and go~s twioe as far, what is the 
distanoe traveled by the faster oar? 

' 
(a) 600 (b) 400 (o) 1200 (d) 300 
(e) 120 

a b o d e 
55. Solve for x: x + 1 2x + 3 55 • ( ) ( ) ( ) ( ) ( ) 

14 11 :::1 

(ft) 7 (b) -22/3 (o) 11 (d) 15 
(e) 44 

a b o d e 
56·. Solve for X1 0 +- d 0 - d 56 • ( ) ( ) ( ) ( ) ( ) 

x+-l•x-1 

(a) 1 (b) o/d (o) od (d) o + d 
(e) o - d 

a b o d e 
57. Solve for C: S • t(A + B + C) 57. ( ) ( ) ( ) ( ) ( ) 

(a ) 2 ( S - A • B ) (d) 2A - 2 S .... B 
(b ) 2 ( S • A + B ) ( e ) 2A + 2B +- 2 S 
(o) 2S - A- B 

(IP-S) 
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68. So1Te for W: 

(a) F - h 
e 

(d)l!..
eF 

59. So1Te for x: 

(a)a+-b 
(d) 1 

a .. b 

60. So1Te for f: 

(a) fq +· fp 
fpq 

(d) p + q 

F • hW 
e 

(b) ~ (o) eFh 
h 

(e)~-F 
e 

x x b aa--b"·a--b 
(b)2 (c)1 
(e) b - a 

1 1 1 .
r·-*P cr 

(b) 1 (c) pq 
pq p * q 

(e) · 1 
p -+1· q 

61. Factor x•- 5x .... 6 • 

(a) (x- 6)(x- 1) (d) (x- 4)(x- 1) 
(b) (x- 3)(x- 2) (e) (x + 6)(x + 1) 
(c) (x + 3)(x + 2) 

62. Factor 4x•- 81y2 • 

(a) ( 2x - 9y )( 2x +· 9y) 
(b) ( 2x - 9y )• 
(c ) ( 4x + 9y ) ( x - 9y )' 
(d) (2x + 9y)2 
(e) (4x - 9y)(x + 9y) 

(a) (27V +· 4y)(2y +· 2) (d) 4y(x +- 2y•) 

a b o d e 
68 • ( ) ( ) ( ) ( ) ( ) 

a b o d e 
69 • ( ) ( ) ( ) ( ) ( ) 

a b o d e 
60 • ( ) ( ) ( ) ( ) ( ) 

a b o d e 
61. ( ) ( ) ( ) ( ) ( ) 

a b o d e 
62. ( ) ( ) ( ) ( ) ( ) 

a b o d e 
63 • ( ) ( ) ( ) ( ) ( ) 

(b) y(4x + 4)(x +· y) (e) none of these 
(c) 4y(xy +- x + 2) 

a b o d e 
64. Factor 2nr2h + 2nr2 • 64. ( ) ( ) ( ) ( ) ( ) 

(a) 2nr(r + 2)(h + 2) (d) 2nr•(h + 1) 
(b) 2n(nrh + r) (e) 2(nrh +· r)(r + 2) 
(o ) 2n (rh + r ) ( r +- 1 ) 

(IP-9) 
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.... 

a b c d e 
65. Faotor 2y2 - 5y - 18 = 65. ( ) ( ) ( ) ( ) ( ) 

(a) (2y- 9)(y + 2) 
(b) (2y - 3) (y + 6) 
(c) (y - 18)(2y + 1) 
(d ) (2y + 9)(ya - 2 ) 
(e ) (2y + 3 )(y - 6 ) 

a b c d e 
66. Expand: (2x- y)a = 66. ( ) ( ) ( ) ( ) ( ) 

(a) 4x2 - y2 (d) 4x2 +· 4xy + ya 
(b) 4x•- 2xy ~y:a (e) 4x2 - 4xy + ya 
(o) 4x2 ... ya 

a b c d e 
67. Expand: (x + y- 2)2 67. ( ) ( ) ( ) ( ) ( ) 

(a) x2 + ya -+- · 4 
(b) x• +· ya .. 4 
(c) x• + ya +· 4 ~ 2xy - 4x .. 4y 
(d) x• + ya -+-· 4 +· xy .. 2x .. 2y 
(e) none of these 

a b o d e 
68 • Factor x• ... 6xy ~· 9y2 68 0 ( - ) ( ) ( ) ( ) ( ) 

(a) (x - 3y.)(x '-+-· 3y) (d) (x - 3y)a 
(b) (x- 9y)(x + y) (e) none of these 
(c) (x -+-· 3y)a 

a b o d e 
69. A· prime factor of y4- 81 is 69. ( ) ( ) ( ) ( ) ( ) 

(a) y • · 9 (b) ya ... ~ (o)y2+- 9 
(d) y - 9 (e) y- 27 

a b o d e 
70. Factor 4 .. (x- y)2 70. ( ) ( ) ( ) ( ) ( )

• 
(a) (2 of! X • y)(2 ,. X • y) 
(b) ( 2 "' X -+-· y )( 2 -1' X .. y) 
(.c) (2 .. x - y)a: 
(d) (2 "' X + y)2 
(e) none of these 

a b o d e 
71. Faotor Sa~,.. 27y~ 71. ( ) ( ) ( ) ( ) ( ) 

(a ) (2a ... 3y) 3 

(b) (2a ..._ 3y)(4a& + 9y2) 
(o) 2a + 3y)(4a2 - Say + 9y2) 
(d) (4a2 + Say + 9ya) (2a .... 3y) 
(e) (2a - 3y)(4a2 .. 12ay + 9y2) 

(IP-10) 
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a b c d e 
72. Factor 2m3- 3m2- 4m + 6 72~ ( ) ( ) ( ) ( ) ( ) 

(a) (m2 - 2)(2m - 3)(2m * 3) 
(b) (rna- 2)(2m- 3) 
(c) (m2 +- 2)(2m- 3)(2m- 3) 
(d) (m2 - 2)(2m - 3)2 
(e) (2m+ 3)(m2 - 2) 

a b c d e 
73o A factor of x3 +· X+ 10 is 73. ( ) ( ) ( ) ( ) ( ) 

(a) x + 2 (b) X - 2 (c) x + 5 
(d) X - 5 (e) x2 * 5 

a b c d e 
74 o Simplify: 3x +· 4Y 74. ( ) ( ) ( ) ( ) ( ) 

3 

T
9x 

+-2y 

(a) 1 (b) 3x - 2y (c) 3 
(d) 2 (e) , ~ 

3 3x 
a b c d e 

75. Simplify: 1 - l 75. ( ) ( ) ( ) ( ) ( ) 
X 

X • l = 
(a) x (b) x - 1 (c) 1/x 

(d) X (e) X - 1 
X • 1 X 

a b c d e 
76o Simplify: 2 + j 76 • ( ) ( ) ( ) ( ) ( ) 

l .. 4= 
X 

(a) ax + 1 . ( b ) 1 + 4x ( c ) 2x 
4(x + 4) 2x + 1 1 + 4x 

(d) 2x +· 1 (e) none or these 
4x + 1 

a b o d e 
77 0 1 X 77o ( ) ( ) ( ) ( ) ( )

1 - x + ~1---x....l = 

(a)1+-x (b)1-x (c)1+x 
X 

(d) x (e) ·1 
(1 - x)(l - xi) 1 + x 

(IP-11) 
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a b o d e 
7S. 7S. ( ) ( ) ( ) ( ) ( )

(4 - ~) ( 1 - x4x)~ 
(a) 4x - 1 (b) 1 - 4x (o) -1 

1 - 4x 4~ - 1 

(d) 4x +- 1 (e) 3 
1 + 4x 1 - 4x 

a b o d e 
79. Combine and simplify: 79 • ( ) ( ) ( ) ( ) ( ) \ 

a a• 
x • a • xi - al • 

(a) . ax (d) x• - a•x 
xi - al (x - a) (xi - al) 

(b) ax (e) none of these 
(x - a)(xi - ai) 

(o) -2a3 
xi • al 

a b o d e 
so. Combine and simplifY1 1 1 2 so. ( ) ( ) ( ) ( ) ( ) - +· - +--.

X y xy . 

(a) x +y + 2 (b) 4xy (o) xy(x + y + 2) 
xy 

(d) X +- l + 2 (e) x +.; + 2 
xy X I 

(IP-12) 
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ALGEBRA EXAMINATION 

PART II FORM P 

(Intermediate) 

Directions: Place a check indicating the correct anBWer in the 
appropriate spaee at the right. 

a b c d/ e 
Example: The sum of 6 and 2 is Ex • ( ) ( ) ( ) (V) ( ) 

(a) 6 (b) 3 (c) 4 (d) 8 (e) 12 

Since the correct sum is 8 a check should be placed in the (d) 
space. 

a b c d e 
1. The equations x- y • 8 and x + y ~ 8 1. ( ) ( ) ( ) ( ) ( ) 

are 

(a) d~pendent (d) consistent 
(b) equivalent (e) none of these 
(c) inconsistent 

a b c d e 
2. The equations 3m - 2n ~ 5 and 2. ( ) ( ) ( ) ( ) ( ) 

2m +- 3n ~ 12 are 
- --· --- . 

(a) consistent (d) dependent 
(b) iii.consistent (e) none of these 
(c) equivalent. 

a b c d e 
3. Solvet 7x + y • 15 and x .. 2y 3. ( ) ( ) () ( ) ( ) 

(a) 1;2 (b) 1,1/2 (c) -1,2 
(d) 2,1 (e) 1/Z,l 

a b c d e 
4. '!he equations: 3x - 4y =6 and 4. ( ) ( ) ( ) ( ) ( ) 

6x - By • 12 

(a) should be solved by addition 
(b) should -be solved by subtraction 
(c) shou+d be solved by o~pleting the square 
(d) should be solved by substitution 
(e) can't be solved 

(IIP-1) 



141 

a b c d e 
5. The equation of the x-axis is 5. ( ) ( ) ( ) ( ) ( ) 

(a) y • 0 (b) x • 0 (o) x - y ~ 0 
(d) X ~ y 2 0 (e) X ~- y a 0 

a b o d e 
6. The equation 2x- y • 3 orosses the 6. ( ) ( ) ( ) ( ) ( ) 

x-axis at 

(a) 3 (b) 3/2 (o) -2/3 (d) ..3 
(e) 1 

a b o d e 
7. The first step in the solution of the 7. ( ) ( ) ( ) ( ) ( ) 

following equations should be 

1 1 (a) substitution---=-6y (b) additionX 
(o) subtraoti on 

1 2 (d) olear fraotions-·-·4X y (e) none of these 
a b o d e 

a. Solve: 3x .. 4y 2 13 a. ( ) ( ) ( ) ( ) ( ) 
2x .. 3y = 12 

(a) x ~ 9; y ,. 2 (d) X • -9; y • •10 
(b) X • 7, . y • 2 (e) x,. ·7, y • ·2 
(o) x 2 ..9, y ,. 10 

a b o d e 
9. Simplify: (·2x)• ~ 9. ( ) ( ) ( ) ( ) ( ) 

(a) -4x2 (b) 1 (o ) 2x8 
'4xl" 

(d) ·2x• (e) 4x8 
a b o d e 

10. Simplify: (xm•n)(xsan) ,. 10 0 ( ) ( ) ( ) ( ) ( ) 

(a) xm+n (b) xm•an (o) xm-n 
(d) xm·• (e) xn•sun 

a b o d e
(a1/2b1/3)6 •11. Simplify: 11. ( ) ( ) ( ) ( ) ( ) 

(d) 6a1/2b1/2 

(e) a6 1/~1/3 

(IIP-2) 
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x5/6 + x1/3 ,.12. Simp1~f'y: 

(a) x7/6 (b) x2/3 (o) x3/2 

(d) xl/2 (e) x 

13. Simplify: (1/4fl/2- = 

(a) 1/8 (b) -1/16 (o) -1/4 
(d) 4 (e) 2 

:5 
14. Multiply: (Va) (Va) • 

(a)~ (b) r (o) :;;a 
(d) ;;;.o (e) a 

15. Simplify: zrs ... Vs5 = 
(a) 40 (d) 2V400 
(b) 91/i (e) none of ' these 
(o) 4{2 + 2'/5 

16. Multiply: (M - Vs)(M + Vs) • 
(a) 4J3- Vf: (d) 7 - 4Vi5 
(b) 12 - 4Vi5 + .J25 (e) 11 
(o) 7 ' 

17 • Simplify: 2 

V3 + 1 

(a) V3 + 1 . (b) 1/2 (J3 + 1) 
(o) .J3 ... 1 (d) 1/2 ({3 • l) 
(e) none of t~ese 

18. Simplify: i17 ,. 

(a) 1 (b) -i (o) -1 (d) i 
(e) 1/i 

19. V-45 in simplest form is 

(a) -3Vs (b) 3Vsf · (o) s/3 i 
(d) 3Vs i (e) -3Vs i 

(IIP-3) 

a. b o d e 
12. ( ) ( ) ( ) ( ) ( ) 

a b c . d e 
13 • ( ) ( ) ( ) ( ) ( ) 

a b o d e 
14. ( ) ( ) ( ) ( ) ( ) 

a b o d e 
15. ( ) ( ) ( ) ( ) ( ) 

a b o d e 
16 • ( ) ( ) ( ) ( ) ( ) 

a b o d e 
17. ( ) ( ) ( ) ( ) ( ) 

a b o d e 
18. ( ) ( ) ( ) ( ) ( ) 

a b o d e 
19. ( ) ( ) ( ) ( ) ( ) 
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a b c d e 
20. Solve: V9xlil - 5 = 3x - 5 20. ( ) ( ) ( ) ( ) ( ) 

(a) 1 (b) 3/2 (c) -2/3 (d) 3 
(e) has no root 

a b c d e 
21. Solve: 1 + Vx =Vx + 3 21. ( ) ( ) ( ) ( ) ( ) 

(a) 2 (b) -3 (c) 1 (d) -1 
(e) has no root 

a , b c d e 
22. Solve for x; xlil - x .. 12 =0 22. ( ') ( ) ( ) ( ) ( ) 

(a) 4;-3 (b) .-6, 2 (c) 3,-4 
(d) 1,12 (e) none of these 

a b c d e 
23. What quantity, if any, must be 23 • ( ) ( ) ( ) ( ) ( ) 

added to -xlil + 4 to· make it a 
perfect square? 

(a) 4x . (b) x. ( c ) 4 (d) 3xlil 
(e) nothing need be added--already 

is · a perfect square 
a b c d e 

24. The quantity which needs to be 24. ( ) ( ) ( ) ( ) ( ) 
added to make the eipression 
4xlil - 6x a perfect square is 

(a) 3/2 (b) 9 (c) 3/4 
(d) -9 (e) 9/4 _ 

a b c d e 
25. Solve for x: 2x2 .. 5x =3 25 . ( ) ( ) ( ) ( ) ( ) 

(a) 1,3/2 (b) 312 (c) 3,-1/2 
(d) 3/2,2 (e) · .3 1-2 

a b c d e 
2~. If plotted, the · equation 26 • ( ) ( ) ( ) ( ) ( ) 

2x• ~ 5x - 3 =0 will intersect 
the y-axis 

(a) at two positive points 
(b) at one point · 
(c) at two points, one positive, 

one negative 
(d) won't interseot 
(e) at four points 

(IIP-4) 
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a b o d e 

27. The function y a xa- x- 12 will 27. ( ) ( ) ( ) ( ) ( ) 
cross the x-axis 

(a) at one point which is negative 
(b) at two points; both positive 
(o) at two points, both negative 
(d) at one point which is positive 
(e) at two points, one pQsitive 

and one negative 
a b o d e 

28. Solvet xa .. x- 3 2 0 28 • ( ) ( ) ( ) ( ) ( ) 

(a) 3,•1 (d) +1 ± Vi3 
(b) -3,1 . ' 2 
(c) ~1 t v'13 (e) -1 :t Yr3 

. 2 '2 
a b c d e 

29. Selve1 2x2 +X+ 3 a 0 29 • ( ) ( ) ( ) ( . ) ( ) 

(a) -1 t m (d) -3,2 
2 

(b) -1 :t ..[23 i (e) +3,-3/2 
4 

(o) -1 * v-23,.-
a b c d e 

230. Solve for x: x•- 7abx + 6a8b2 0 30. ( ) ( ) ( ) ( ) ( ) 

(a) 6a,b (b) -sae,b:a · (o) -6ab,-ab 
(d) 3ab,2ab (e) 6ab,ab 

a b o d e 
31. A correct form of the quadratic 31. ( ) ( ) ( ) ( ) ( ) 

formula is 

(a) -b * vb•-4ac (d) b i Vb•-4ao 
2a 2 

(b) b i vb•-4ao (e) none of these 
2a 

'(c) ..b :t yb2..4ao 
2a 

(IIP-5) 
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32 0 

33. 

34. 

35. 

36. 

a b c d e 
The quadratic formula is derived 32. ( ) ( ) ( ) ( ) ( ) 
from the general quadratic equation by 

(a). squaring both sides 
(b) completing the square 
(c) factoring 
(d) addition or subtraction 
(e) eliminating the constant 

The equation x3 • x• • 12x • 0 
can b~ ~olved py 

(a) completing the square 
(b) dividing -out an x 
(c) quadratio formula 
(d) factoring .. 
(e) no single one of these methods 

The equation x3 + x• • 3x • 0 
oan be solved by 

(a) oomvleting the square 
(p) faotor~ng 
(o) quadratic formul~ 
(d) dividing out an x 
(e) no single qne of these methods 

The ·graph of -a. oubi'c equation will 
alwa~s interse~t the x•axis 

(a) three times 
(b) once only . 
(c) not more than three times 
(d) twice 
(e) will never intersect 

The number of solutions which the 
ffll~ing p~ir of equations have is 

x• + y• • 25 · (a) 0 (d) 4 
X • y + 1 • 0 (b) 1 (e) 8 

(o) 2 

a b o d e 
33. ( ) ( ) ( ) ( ) ( ) 

a b c d e 
34. ( ) ( ) ( ) ( ) ( ) 

a b c d e 
35. ( ) ( ) ( ) ( ) ( ) 

a b c d e 
36. ( ) ( ) ( ) ( ) ( ) 

(IIP-6) 
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37. 

38. 

39. 

40. 

41. 

42. 

a b c d e 
The following pair of equations can 37 • ( ) ( ) ( ) ( ) ( ) 
best be solved by 

2xst + ya =6 
5x + y =9 

(a) eliminating the Qonstant 
(b) addition or subtraction 
(o) reducing to si¢pler systems 
(d) substitution 
(e) graphing 

a b c d e 
The number of di~ti~ot solutions 38. ( ) ( ) ( ) ( ) ( ) 
for the following equations is- . 

xst + ya = 13 
4xst .. ya = 7 

(a) 4 (b) 3 (0) 2 (d) 1 (e) 8 
a b c d e 

Solve for ~ and L: X .. y = 1 . 39. ( ) ( ) ( ) ( ) ( ) 
xst + ya = 13 

. 

(a) X : 3j y = 2 and x = -2, · y = -3 
(b) X :a 3j y = •2 and x ~ -3, y .. 2 
(0) :i = 3; y = 2; double root 
(d) X = 3; y = -2 and x = 2, -y ·= -3 
(e) x _= 3, y = ~2 - ~nd x = -2, y = 3 

a b 0 d e 
The number of solution~ for two 40. ( ) ( ) ( ) ( ) ( ) 
quadratic equation~ in two unknowns is 

(a) 1 (b) 8 (o) 4 . (d) 2: 
(e) at most 4 

a b 0 d e 
Ratio is a comparison of two num- 41. ( ) ( ) ( ) ( ) ( ) 
bers by 

(a) sub-t;radtion (d) addition 
(b) division (e) progression \ 
(c) multiplication 

a b c d e 
The expression 1/2 .. 2/4 is a (an) 42. ( ) ( ) ( ) ( ) ( ) 

(a) equation (d) proportion 
(b) ratio (e) formula 
(c) algebraic expression 

(IIP-7) 
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43. 

44. 

45. 

46. 

47. 

48. 

49. 

a b c d e 
Which of the following is a propor 43. ( ) ( ) ( ) ( ) ( ) 
tion? 

(a) 1/3 2 2/5 (d) 5/3 ,. 15/12 
(b) 3/12 ,. 6/18 (e) 35/21 • 5/3 
(c) 14/7 ,. 28/21 

a b c d e 
In a proportion the product of the 44 • ( ) ( ) ( ) ( ) ( ) 
rrrst and fourth proportional is 
equai t~ the produ~t of th~ _ 

(a) first and third (d) second and fourth 
(·o) ·seeond and third (e) third and fourth 
(c) first and fourth 

a b c d e 
~olve the proportion for ~: 46 • ( ) ( ) ( ) ( ) ( ) 

5:x t: x:l5 

(a) 5/3 (b) 3/5 
(d) iNF (e) 3 

a b o d e 
The ratio of 2 feet to 5 ya~ds is 46 • ( ) ( ) ( ) ( ) ( ) 

(a) 'l/5 - (b) 5/2 . (c) 2/15 (d) 15/2 
(e) none of these ' 

a b c d e 
A number~ varies directly -as x if 47 • ( ) ( ) ( ) ( ) ( ) 
their (?) is a constant. 

(a) product (d) if·x is a constant 
(b) quotient (e) if ~is a constant 
(~) .diff_er~nce 

a b c d e 
If l. inoreues as ~ increases then 48. ( ) ( ) ( ) ( ) ( ) 
~vari~~ (!) ~ as ~varies. 

(a) inversely (d) direotly 
(b) conTersely ('e) nolle of these 
(c) equally 

a b c d e 
If z Taries directly as the sq~are 49. ( ) ( ) ( ) ( ) ( ) 
of 'x andy. e when "x. 2, find the 
constant of variation. . 

(a)2 (b)l/2 (c)4 (d) .. l6 (e)6 

(IIP-8) 
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a b o d e 
50. If~ varies inversely as x~, and 50 0 ( ) ( ) ( ) ( ) ( ) 

y _2 9 when x .2· 2, find~ when x 2 3. 

(a) 9 (b) 5 (c) 4/9 (d) 94 (e) 4 
a b c d e 

51. If~ varies directly as · ~ and in 51 • ( ) ( ) ( ) ( ) ( ) 
versely at · t, and p =10 when r =10 
and -t 2 12, find i when r = 7 and 
t = 6. 

(a) 10 (b) 12 (c) 14 (d) 18 
(e) 21 

a b c d e 
52. The square root of 56 to the nearest 52. ( ) ( ) ( ) ( ) ( ) 

hundredth is 

(a) 7 .49 (b ) 2 .04 ' (c ) 7 .48 
(d) 7.483 (e) 2.045 

a b c d e 
53. To find the square root of 243 from 53 0 ) ) y ( ) ( ) ( ( ( 

a table of numbers from 1 td 100 the 
number 243 should be expressed as 

(a) 2M (h) 91/3 (o ) 3v'8[ (d) 3Vg 
(e) can't be found from such a table 

a b c d e 
54. If two legs of a right triangle .are 54. ( ) ( ) ( ) ( ) ( ) 

10 and 24 then the third sid~ .is 

(a) V676 (b) 26 (o) V476 
(d) 240 (e) 34 

a b o d e 
56. Find the diagonal of a square to ·the 55. ( ) ( ) ( ) ( ) ( ) 

nearest tenth of an inch whose area 
is 400 square inches. 

(a) 800 .o (b) 20.0 (c) 28.1 
(d) 2e2 .e (e) none ot these 

a b o .d. e 
56. The number V73 is called 56. ( ) ( ) ( ) ( ) ( ) 

(a) transcendental (d) fractional 
(b) rational (e) none of these 
(o) irrational 

(IIP-9) 
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57. 

58. 

59. 

61. 

62. 

a b o d e 
The equation 4x• + 9ya =36 repre 57. ( ) ( ) ( ) ( ) ( ) 
sents a (an) 

(a) hyperbola (d) · ellipse 
(b) oirole (e) tWo 'straight lines 
(o) parabola 

a b o d e 
The graph of 4x•- 9ya • 36 orosses 58 • ( ) ( ) ( ) ( ) ( ) 
the y-axis at · 

(a) t 2· (b) t 3 (e) +3,•2 (d) -3,+·2 
(e) doesn't orosi the y-axis 

a b o d e 
,The equation ·x =ya- 4y + 6 repre 69 • ( ) ( ) ( ) ( ) ( ) 
sents a parabola whioh opens 

. {a) upwarC,:s · (d) to the left, 
(b) dOwnwards (e) none of these 
(o) to ·the right 

. . a b o d e 
The equation 9x8 - 4y8 • 36 repre 60. ( ) ( ) ( ) ( ) ( ) 
sents a (an) 

(a) two straight lines (d) ellipse
(b) oirole ·-- (e) ·hyperbola 
(o) ~arabola 

a b o d e 
Solve1 x• +· ya • 25 61. ( ) ( ) ( ) ( ) ( ) 

xy. 12 
.. 

(a) x • t4, y * t3 (d) X • 3; •3j 4j •4 
y • 4, -4' 3' -3 

(b) X • 3; -3; 4j •4 
y • 3, -3, 4, -4 (e) x =3, · -3; 4, · -4 

y • -3, 3, -4, 4 
(o) x • 3, · -3; 4, --4 

y w -4, 4, -3, 3 
a b o d e 

A man who developed an arrangement for 62. ( ) ( ) ( ) ( ) ( ) 
writing the ooeffioients of a binomial 
expansion was 

(a) Pasteur (d) Pythagoras 
(b) Euolid (e) unknown 
(o) Pasoal 

(IIP-10 )' 
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a b o d e 
63. If the binomial (2x- a)n is expanded 63 • ( ) ( ) ( ) ( ) ( ) 

the eighth term will be 

(a) always . positive 
(b) positiv~ only if n is even 
(o) always negative 
(d) negative only if h is odd 
(e) oan't tell unless-~ is known 

a b o d e 
64. The number of terms in the expansion 64. ( ) ( ) ( ) ( ) ( ) 

of (&;x - :2b)l7 is 

(a) 17 (b) 16 (o) 34 (d) 18 
(e) infinite 

a b o d e 
65. The 14th term in the expansion of 65. ( ) ( ) ( ) ( ) ( ) 

of (xa - y)l9 will oontain x to the 
power · 

(a) 6 (b) 10 (o) 5 (d) 12 (e) 8 
a b o d e 

66. 'Whi-oh of i;he following oannot be 66 • ( ) ( ) ( ) ( ) ( ) 
readily evaluated by the binomial 
theorem? · 

(a) (.998)7 . (b) (103) 5 (o) (.788) 6 

(d ) ( 1 + Vf) 7 ( e ) (1.005)4 

a b o d e 
67 0 Th-. fourth term ot the expansion of 67. ( ) ( ) ( ) ( ) ( ) 

(x ... .t)l6 is . 

(a) 7Qx13y3 (d) 70~4yl3 

(b) 35xl2y4 (e) none of these 

(o) 35xl3y4 

a b o d e 
68 o The following sequenoe of numbers is · 68. ( ) ( ) ( ) ( ) ( ) 

a (an) 1, 1, .13, 19, • • o 

(a) harmonie progression 
(b) arithmotio progression 
(o) geometrio series 
(d) arithmetio series 
(e) geometrio progression 

(IIP·ll) 
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69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

In the progression 1/2, -1/2 . . . 
the tenth term is 

(a) 128 (b) 512 (e) 256 
(d) -128 (e) -256 

The geametric mean between 2 and 
72 is 

(a) 38 (b) +36 (c) -35 
(d) 37 (e) +12 

If an -infinite geo.metri~ series has 
a sum it must be 

. (a) divergent (d) convergent 
· (b) · concave (e) both convergent 
(c) convex and - diver~e~t 

Three arithmetic means between 7.5 
and 21 ·.5 are · 

(a) 11; 14~5, 18 (d) 14 .5, 14 ~5, 14.5 
(b) 1o, · 14~ · 1s (e) -11, 14.5, -18 
(c) -10, 14, -18 

Find the sum of the first · lO terms of 
the progression 6, 12, 24, ••• 

(a) 3069 (b) 6138 (c) 6132 
(d) 3063 (e) none of these 

Firid the sum· of an infinite number of 
terms ot 3/2, 9/4, 27/8, ••• 

(a) 3 (b·) -3 (c) 3/2 (d) -2/3 
(e) none of these 

The logarithm of 27 to the base 3 is 

(a) 3 (b) 9 (c) 1/9 (d) 24 
(e) 1/3 

The expression log (27)(13) equals 

(a) log 27 ' • log 13 
(b) log (27 • 13) 
(c) log 27 ~ log .l3 

(d) (log 27)(log 13) 
(e) log 27 

log 13 
(IIP-12) 

a b c d e 
69 •..( . ) ( ) ( ) ( ) ( ) 

a b c d e 
70 • ( ) ( ) ( ) ( ) ( ) 

71. ( ) ( ) () () () 

a b c d e 
72. ()()()()() 

a b • c d e 
73. ( ) ( ) ( ) ( ) ( ) 

74. ( ) ( ) ( ) ( ) ( ) 

a b c d e 
75. ( ) ( ) ( ) ( ) ( ) 

76. ( ) ( ) ( ) ( ) ( ) 



(IIP·l3) 

.. 
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APPENDIX B 

INDIVIDUAL ELUUNATION SCORES Of'I FORMS P, 

AND GRADES EARNED THE .SAME TERM 

. Table IX Individual Examination Scores on Part I, 
Form P, and Grades Earned the Same Term 

Table X Individual Examina:ti·on Score.s on Part II, 
Form P, and Grades Earned the Same Term 

.. 
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TABLE IX 

INDIVIDUAL EXAMINATION SCORES ON PART I, FORM P 

AND GRADES EARNED THE SAl-1E TERM 

Scores 

Number Odd Even Total Grade 

1 
2 
3 
4 
5 

17 
26 
22 
14 
21 

14 
29 
20 
6 

21 

31 
55 
42 
20 
42 

c 
A 
B 
c 
D 

6 
7 
8 
9 

10 

19 
26 
23 
24 
25 

25 
26 
27 
26 
23 

44 
52 
50 
50 
48 

A 
A 
A 
B 
A 

11 
12 
13 
14 
15 

15 
g 

23 
25 
21 

22 
8 

29 
25 
26 

37 
16 
52 
50 
47 

c 
c 
A 
A 
c 

16 
17 
18 
19 
20 

16 
27 
15 
22 
26 

15 
23 
7 

25 
29 

31 
50 
22 
47 
55 

c 
A 
c 
A 
A 

21 
22 
23 
24 
25 

18 
24 
22 
15 
16 

19 
20 
23 
18 
23 

37 
44 
45 
33 
39 

B 
B 
D 
c 
B 

26 
27 
28 
29 
30 

22 
21 
26 

8 
21 

22 
22 
27 
12 
17 

44 
43 
53 
20 
38 

A 
c 
B 
D 
B 
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TABLE IX (CONTINUED) 

Scores 

Number Odd Even Total Grade 

31 16 14 30 c 
32 15 13 28 F 
33 18 18 36 B 
34 19 20 39 c 
35 13 14 27 D 

36 25 21 46 B 
37 24 26 50 A 
38 17 18 35 c 
39 21 23 44 B 
40 19 19 38 c 
41 20 20 40 c 
42 8 11 19 D 
43 26 29 55 A 
44 14 14 28 c 
45 15 18 33 c 

46 22 20 42 A 
47 17 24 41 B 
48 20 25 45 A 
49 17 19 36 A 
50 12 21 33 B 

51 14 10 24 D 
52 20 20 40 c 
53 24 25 49 A 
54 13 12 25 c 
55 16 16 32 B 

56 21 14 35 A 
57 20 18 38 D 
58 8 16 24 c 
59 18 16 34 D 
60 14 19 33 c 
61 17 21 38 c 
62 17 16 33 c 
63 16 17 33 D 
64 8 13 21 D 
65 12 10 22 F 
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TABLE IX (CONTINUED). 

Scores 

Number Odd Even Total Grade 

66 13 14 27 c 
67 16 20 36 c 
68 17 19 36 A 
69 15 21 36 c 
70 22 17 39 c 
71 10 15 25 F 
72 21 20 41 s 
73 23 21 44 B 
74 17 21 38 c 
75 16 2i 37 B 

76 25 22 47 A 
77 22 20. 42 c 
78 25 25 50 B 
79 18 20 )8 B 
80 18 22 40 B 

81 16 21 37 c 
82 23 16 39 c 
83 14 15 29 c 
84 26 2) 49 A 
85 22 24 46 c 

86 17 21 38 A 
87 16 22 38 c 
86 19 20 39 A 
89 17 20 37 B 
90 10 13 23 c 

91 14 5 19 c 
92 19 18 37 A 
93 19 18 37 c 
94 19 18 37 A 
95 30 28 58 A 

96 20 21 41 A 
97 13 10 23 c 
98 22 20 42 B 
99 12 13 25 c 

100 10 9 19 D 
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TABLE IX {CONTINUED) 

Scores 

Number Odd Even Total Grade 

101 
102 

20 
10 

22 
10 

42 
20 

B., 
103 17 15 32 B 
104 21 25 46 D 
105 14 17 31 c 

106 17 17 34 c 
107 18 19 37 c 
lOB 20 21 41 c 
109 13 16 29 c 
110 11 18 29 D 

111 19 14 33 A 
112 17 21 38 c 
113 15 17 32 F 
114 26 27 53 A 
115 14 17 31 B 

116 21 24 45 B 
117 22 24 46 B 
118 24 26 50 B 
119 12 14 26 F 
120 24 24 48 :A 

121 11 14 25 F 
122 24 22 46 B 
123 18 19 37 c 
124 24 28 52 A 
125 23 25 48 A 

126 19 18 37 A 
127 
128 

22 
11 

23 
9 

45 
20 

c 
F 

129 16 17 33 B 
130 17 17 34 c 

131 17 20 37 c 
132 
133 

15 
20 

18 
27 

33 
47 

c 
B 

134 12 6 18 D 
135 19 25 44 c 
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TABLE IX (CONT'INUED) 

Scores 

Number Odd Even Total Grade 

136 
137 

17 
23 

17 
21 

34 
44 

D 
c 

138 26 29 55 A 
139 
140 

17 
23 

20 
20 

37 
43 

B 
D 

141 20 23 43 B 
142 
143 
144 

10 
12 
15 

9 
12 
17 

19 
24 
32 

F 
B 
c 

145 8 14 22 D 

146 13 14 27 c 
147 13 12 25 F 
148 10 11 21 D 
149 13 17 30 D 
150 21 23 44 B 

151 
152 
153 

19 
21 
12 

19
lS 

g 

38 
39 
20 

B 
c 
c 

154 18 19 37 c 
155 13 13 26 c 

156 
157 

18 
19 

25 
26 

43 
45 

A 
B 

158 11 12 23 D 
159 
160 

29 
28 

30 
29 

59 
51 

A 
A 

161 12 13 25 D 
162 
163 
164 

18 
17 
19 

17 
16 
18 

35 
33 
37 

D 
B 
c 

165 20 23 43 B 

166 12 13 25 c 
167 
168 

23 
23 

31 
28 

54 
51 

A 
A 

169 18 15 33 A 
170 15 13 28 D 
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TABLE IX (CONTINUED) 

Scores 

Number Odd Even Total Grade 

171 31 30 61 A 
172 20 20 40 B 
173 16 14 30 c 
174 22 19 41 c 
175 24 25 49 B 

176 
177 
178 

19 
17 
21 

24 
18 
22 

43 
35 

. 43 

B 
c 
B 

179 
!SO 

15 
20 

22 
23 

37 
4.3 

D 
B 

181 23 24 47 A 
182 13 15 28 c 
18.3 18 18 .36 B 
184 17 15 32 D 
185 24 28 52 B 

186 20 16 J6 B 
187 25 21 46 A 
188 20 20 ItO A 
189 17 19 .36 D 
190 1.3 11 24 D 

191 
192 

20 
12 

23 
1.3 

4.3 
25 

B 
F 

19.3 22 18 40 D 
194 20 27 47 D 
195 18 19 37 A 

196 
197 

24 
24 

21 
27 

45 
51 

c 
A 

198 
199 
200 

21 
22 
16 

14 
28 
18 

.35 
50 
.34 

B 
A 
B 

201 14 15 29 c 
202 
20.3 

17 
14 

16 
1.3 

J)
27 

B 
c 

204 
205 

14 
23 

17 
22 

.31 
45 

c 
D 
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TABLE IX (CONTINUED) 

Scores 

Number Odd Even Total Grade 

206 16 11 27 c 
207 13 11 24 D 
208 30 28 58 A 
209 22 26 48 A 
210 13 13 26 c 
211 15 11 26 c 
212 
213 

17 
16 

22 
12 

39 
28 

B 
c 

214 13 8 21 D 
215 19 13 32 F 

216 14 16 30 D 
217 14 20 34 c 
218 16 17 33 D 
21.9 23 23 46 A 
220 21 21 42 B 

221 
222 

30 
18 

29 
25 

59 
43 

A 
B 

223 13 13 26 D 
224 9 14 23 F 
225 20 29 49 D 

226 14 20 34 D 
227 19 15 34 D 
228 19 22 41 c 
229 
230 

20 
25 

23 
26 

43 
51 

B 
A 

231 21 24 45 B 
232 13 14 27 D 
233 16 17 33 D 
234 
235 

25 
22 

24 
25 

49 
47 

c 
c 

236 18 18 36 B 
237 17 17 34 B 
238 23 19 42 B 
239 18 15 33 c 
240 14 15 29 D 
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TABLE IX (CONTINUED) 

Scores 

Number Odd Even Total Grade 

241 
242 

18 
20 

1.5 
20 

33 
40 

c 
c 

243 
244 

14 
21 

9 
20 

23 
41 

D 
c 

245 20 29 49 B 

246 
247 

26 
18 

29 
18 

55 
36 

A 
c 

24S 13 12 25 D 
249 24 26 50 A 
2.50 15 12 27 c 
2 . .51 
252 

20 
21 

24 
2) 

44 
44 

B 
B 

Mean 17.73 19.10 37.40 

Std. Dev. 8.10 9.)0 9.70 
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TABLE X 

INDIVIDUAL EXAMINATION SCORES ON PART II, FORM P 

AND GRADES EARNED THE SAME TERM 

Scores 

Number Odd Even Total Grade 

1' 
2 
3 
4 
5 

18 
19 
17 
27 
19 

22 
22 
24 
25 
18 

40 
42 
41 
52 
37 

c 
A 
D 
A 
c 

6 
7 
8 
9 

10 

22 
17 
19 
21 
11 

18 
21 
22 
18 
12 

40 
38 
41 
39 
23 

c 
D 
c 
D 
D 

11 
12 
13 
14 
15 

23 
27 
20 
22 
21 

26 
24 
21 
27 
26 

49 
51 
41 
49 
47 

c 
B 
c 
B 
c 

16 
17 
18 
19 
20 

12 
18 
16 
23 
12 

14 
24 
19 
22 
22 

26 
42 
35 
45 
34 

D 
D 
c 
D 
c 

21 
22 
23 
24 
25 

22 
25 
16 

5
15 

19 
26 
15 
12 
18 

41 
51 
31 
17 
33 

A 
A 
F 
F 
D 

26 
27 
28 
29 
30 

22 
30 
22 
24 
28 

22 
24 
27 
26 
31 

44 
54 
49 
50 
59 

D 
c 
B 
c 
B 
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TABLE I (CONTINUED} 

Scores 

Number Odd Even Total Grade 

31 4 13 17 F 
32 27 27 54 " B 
33 17 26 43 c 
34 28 26 54 B 
35 16 21 37 D 

36 25 27 52 B 
37 16 26 42 D 
38 21 21 42 B 
39 10 18 28 D 
40 10 16 28 c 
41 19 21 40 c 
42 16 24 40 c 
43 18 19 37 D 
44 23 19 42 A 
45 24 22 46 B 

46 18 15 33 D 
47 18 25 43 D 
48 20 23 43 c. 
49 22 22 44 c 
50 23 26 49 c 
51 25 24 49 B 
52 26 23 49 A 
53 25 23 48 B 
54 17 16 33 F 
55 24 20 44 c 
56 21 19 40 c 
57 18 21 39 c 
58 23 24 47 A 
59 17 20 37 B 
60 12 14 26 c 
61 22 20 42 c 
62 24 24 48 c 
63 17 18 35 D 
64 23 22 45 A 
65 24 30 54 B 
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TABLE X (CONTINUED) 

Scores 

Number Odd Even Total Grade 

66 24 23 47 c 
67 19 23 42 D 
68 20 20 40 B 
69 17 22 39 D 
70 27 28 55 A 

71 23 22 45 c 
72 18 22 40 B 
73 26 30 56 B 
74 18 20 38 D 
75 24 23 47 A 

76 21 21 42 c 
77 28 26 54 B 
78 2) 26 49 B 
79 20 21 41 c 
80 26 30 56 A 

81 18 21 39 c 
82 21 19 40 c 
83 22 21 43 c 
84 22 16 38 D 
85 27 32 59 A 

86 18 21 39 D 
S7 27 25 52 B 
88 24 22 46 c 
89 11 17 28 D 
90 25 30 55 A 

91 16 19 35 c 
92 33 27 60 A 
93 34 31 65 A 
94 31 27 58 B 
95 12 19 31 F 

96 10 16 26 F 
97 20 23 43 c 
98 18 15 33 c 
99 16 24 40 B 

100 19 23 42 c 
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TABLE X (CONTINUED) 

Scores 

Number Odd Even Total Grade 

101 20 23 43 c 
102 21 21 42 A 
10.3 23 19 42 I 
104 13 24 37 B 
105 25 20 45 c 
106 27 25 52 B 

Mean 20.62 21.76 42 • .37 

Std. Dev. 5.55 4.29 8.70 
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APPEND IX C 

REDUCED F0Rl¥IULA FOR 

POINT-BISERIAL COEFFICIENT OF CORRELATION 
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APPENDIX C 

REDUCED FO LA FOR POINT-BISERIAL 

COEFFICIENT OF CORRELATION 

The point-biserial coefficient of correlation is 

given by the following formula (64, p.353): 

=J?p-Mr (1)r pb O"T U)q 

in which: 

M - the mean score of individuals passing the item. p -
Mf =the mean score of individuals failing the item. 

G"T = the standard deviation of the total distribution 

of scores. 

p = the proportion of individuals passing the item. 

q = the proportion of individuals .failing the item. 

For purposes of comparing the validity of items on a 

single test and not for comparison with items on other 

tests, the reduction to standard form by division by !T 
is unnecessary and may be omitted. This gives what will 

be termed the reduced point-biserial coefficient of corre

lation. The formula .for this may then be written: 

rrpb = (~ - Mr) ffq (2) 

The difference Mt - Mt is as adequate as ~ - M.r (29, 

p.30J). Thus the formula can be expressed in the 
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alternative form: 

rrpb • (~ - .Mr) fPq (3) 

in which ~ is the mean of the total distribution of 

scores. 

If deviations are taken from the same step in each 

case, then the means !t and ~ may be replaced by the 

deviations of the true means from the guessed means as 

the difference will be cancelled in the subtraction 

- Mr• The formula can then be expressed: 

r rtd I"frd )
rrpb • ( - - - 'i'f)q (4)

It Nr 

in which !t represents the total number of scores and !f 

the number failing the item. This is a more usable form 

than either (2) or (3) above. Further simplification of 

the computations are possible by taking the deviations (d) 

in terms of class intervals since the class interval is 

constant throughout any problem. If the zero deviation is 

taken at the lowest interval in which any frequencies 

occur, the negative deviations may be avoided. 

The reduced formula will give values which are just 

as accurate and adequate as the formulas from which they 

are derived. The results can be applied only to the prob

lem on which the values are computed; however, this is 

the usual way in which this coefficient is used. Later, 

if comparisons are sought, the data obtained by the reduced 
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formul~ can be converted to the conventional formulas, but 

only in rare cases would this furnish useful information. 

In such instances it probably would be equally simple to 

apply t .he ordinary formula for point-biserial correlation 

in the first place. 

A similar reduction is shown by Chapanis (29, pp.297

304) for the McCall-Long-Bliss validity coefficient in 

order to develop a less cumbersome form. This formula, 

which Chapanis calls the reduced cCall-Long-Bliss validity 

coefficient is (29, p.J02): 

(5) 

This author points out that _the reduced formulas are in 

every sense as accurate and ~dequate as those from which 

they were derived (29, p.304). He 
-

indicates that the work 

involved is considerably reduced. This formula favors 

items of fifty percent difficulty. 

A table for ~ is found in Guilford's Fundamental 

Statistics !a Psychology and Education (73, pp.606-608). 

In using this table note should be taken of the fact that 

vpq for "the small area" (C) = .015 is obviously in error. 

This item should read . • 1226. 
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APPENDIX D 

REVISED EXAMINATION SCORES ON FORI~ P 

AND GRADES EARNED THE FOLLOWING TERM 

Table XI Revised Examination Scores on Part I, Form P, 
and Grades Earned the Following Term 

Table XII Revised Examination Scores on Part II, Form P,
and Grades Earned the Following Term 

Table XIII Mean Revised Examinations Scores for Various 
Letter Grades Earned the Following Term 
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TABLE XI 

REVISED EXAMINATION SCORES ON PART I, FORM P 

AND GRADES EARNED THE FOLLOWING TERM 

Number Score ; Grade Number Score Grade 

1 19 B 31 26 B 
2 31 A 32 23 D 
J 21 c 33 21 B 
4 12 c 34 24 c 
5 27 c 35 20 c 

6 31 B 36 22 D 
7 27 B 37 28 B 
8 30 c 38 13 F 
9 26 A 39 20 D 

10 27 B 40 20 D 

11 30 A 41 ' 20 c 
12 26 B 42 20 F 
13 19 c 43 19 F 
14 30 A 44 13 F 
15 24 c 45 21 F 

16 29 B 46 23 0 
17 22 D 47 20 B 
18 28 B 48 20 c 
19 27 c 49 23 c 
20 18 D 50 2.3 B 

21 27 F 51 24 D 
22 9 D 52 21 F 
23 15 c 53 30 c 
24 19 F 54 28 c 
25 27 B 55 20 c 
26 19 c 56 26 c 
27 23 B 57 20 D 
28 31 A sa 21 F 
29 16 D 59 26 c 
30 20 c 60 24 B 
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TABLE Il (CONTINUED) 

Number Score Grade Number Score Grade 

61 22 B 96 12 F 
62 
63 

20 
12 

c 
F 

97 
98 

24 
14 

i' 
B 

64 11 F 99 23 B 
65 22 B 100 25 D 

66 
67 

21 
33 

c 
A 

101 
102 

l3
J2 

B 
A 

68 13 F 103 16 D 
69 24 B 104 16 c 
70 22 c 105 26 c 
71 21 B 106 18 D 
72 
73 

16 
21 

D 
c 

107
1oa 

32 
20 

B 
B 

74 
75 

14 
14 

c 
F 

109 
110 

34 
22 

B 
c 

76 18 c 111 21 c 
77 29 B 112 22 c 
78 25 c 113 27 c 
79 29 B 114 25 c. 
so 26 c 115 29 B 

81 
82 
83 
84 

29 
26 
23 
18 

A 
B 
c 
c 

116 
117 
118 
119 

19 
)0 
23 
26 

c 
A 
c 
A 

85 18 D 120 23 B 

86 23 B 121 20 c 
87 a a 20 

31 
F 
A 

122 
123 

12 
26 

D 
c 

89 22 c 124 23 B 
90 21 D 12.5 21 D 

91 26 B 126 27 B 
92 14 B 127 28 B 
93 20 B 128 18 B 
94 25 c 129 26 c 
95 26 B 1)0 22 c 
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TABLE XI (CONTINUED) 

Number Score Grade Number Score Grade 

131 19 D 151 29 c 
132 15 c 152 18 F 
133 16 F 153 26 G 
134 24 F 154 26 D 
135 14 c 155 20 c 

1)6
137 

32 
28 

A 
B 

156 
157 

23 
16 

c 
c 

138 15 D 15S 16 c 
139 22 c 159 20 c 
140 15 c 160 22 c 

141 16 c 161 27 c 
142 14 F 162 lS D 
143 17 D 163 30 B 
144 22 D 164 25 D 
145 34 A 165 26 c 
146 27 B 
147 12 F 
148 18 F 
149 18 c 
150 23 c 
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TABLE XII 

REVISED EXAMINATION SCORES ON PART II, FORM P 

AND GRADES EARNED THE FOLLOWI NG TERM 

Number Score Grade Number Score Grade 

1 25 D 31 31 c 
2 22 B 32 31 c 
3 22 F 33 26 A 
4 28 D 34 15 D 
5 25 D 35 12 F 

6 25 B 36 23 c 
7 23 c 37 24 c 
8 20 D . 38 22 A 
9 22 A 39 30 B 

10 6 F 40 19 D 

11 30 c 41 26 c 
12 29 D 42 28 B 
13 29 D 43 30 B 
14 28 B 44 28 B 
15 26 D 45 28 c 

16 28 c 46 24 c 
17 19 ! c 47 30 B 
18 22 B 48 32 13 
19 29 F 49 27 c 
20 18 D 50 18 D 

21 15 F 51 23 c 
22 30 B 52 23 D 
23 29 B 53 32 c 
24 28 c 54 23 F 
25 28 D 55 29 F 

26 34 c 56 33 D 
27 33 A 57 33 F 
28 24 D 58 30 c 
29 30 B 59 32 A 
30 21 D 60 15 D 
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TA BLE XII (CO~TINUED) 

Number Score Grade Number Score Grade 

61 31 A 76 19 D 
62 20 c 77 35 A 
63 32 c 78 38 B 
64 30 c 79 27 D 
65 24 D 80 22 B 

66 .32 c 81 22 D 
67 23 D 82 22 c 
68 25 D 83 16 F 
69 24 c 84 33 c 
70 34 A 85 39 B 

71 34 B 86 18 F 
72 24 D 87 34 B 
73 13 F 88 36 A 
74 32 c 89 33 D 
75 32 B 

TABLE XIII 

MEAN REVISED EXAPUNATION SCORES 

FOR VARIOUS LETTER GRADES EARNED THE FOLLOWING TERM 

F D c B A 

22.4 30.8Part I 17.0 

27.2 30.3Part II 19.2 
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APPENDIX E 

REVISED EXAMINATIONS, FORMS A 

Directions to Students 

Part I, Form A, Elementary Examination 

Part II, Form A, Intermediate Examination 

Answer Sheet 

Diagnostic· Charts 



177 

A!nEBRA EXAMINATION 

FORM A 

DIRECTIONS TO STUDENTS 

READ CAREFULLY 

1. The following examinatio~ is for the purpose of determining your 
preparation and rea.dineas for oollege algebra. The first test, 
Part I, oovera elementary topios. The second test, Part II, 
covers intermediate topios. 

2. Each test~· caapoaed or forty multiple-ohoioe queationa. Eaoh 
question otter• five an.wers; among the five there ia one 
an.wer whioh ia beat. 

3, Do not open the teat until told to begin. 

4. Do not mark the test booklet. Do your work on aoratoh paptr and 
indicate the anawera that you aeleot on the anawer aheet. 

6. W'ork rapidly but oaretully. Answer u m&ny queationa a a you oan, 
but do not make wild guesses. 

6. Do not aak queations after the examination begina. 

Cop)'!'ight by 
William o. Buachman 

196! 

Reproduction by mimeograph, hectograph, or an, other way, Whtthtr 
aold or turniahed tree for u1e, il a violation ot tht copyright law. 



ALGEBRA EXAM! NATION 

PART ·r FORM A 

(Elementary) 

Directions: Do not mark the test booklet. Use scratch paper for 
your work. When you have determined the answer for a. problem 
place an~~ the answer sheet to indicate the letter of the answer. 

Example: The sum of 6 and 2 is 

(a) 12 (b) 4 (c) 8 (d) 3 (e) none of these 

Correct answer sheet marking: 
a b c d e 

Example: ( ) ( ) (x) ( ) ( ) 

1. An expression of the type 4xa ~ 2ax- ab2 is called a. (an) 

(a) trinomial (b) binomial (c) equation (d) propor-tion 
(e) product 

2. The distributive law of multiplication statest 

(a) x(y ..,. z) .. xy .fl· xz (d) x(yz) =xy •xz 
(b) x (y + Z) ,. .fY .._. Z)x (e) none of these 
(c) (x + y) + z =x ..,. (y + z) 

3. The commutative law of addition states 

(a.) x + (y + z) .. (x +· y) + z (d) X + y .. z(x +· y)(b) x(y + z) = xy + xz z 
(o) X + y :a y .fl· X (~) xyz ,. X + y +- z 

4. An : exponent in the expression 12a.x3 is 

(a) x (b) 12 (c) 12a. (d) 2 (e) 3 

s. If f(x) = x3'- 3x + 2, find f(-2). 

(a) -8 (b) 16 (o) 4 (d) -16 (e) 6 

(I-1) 
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.6. If L =a ~ (n - l)d, find L when d = 2, a = 6, and n = 11. 

(a) 60 (b) 26 ( 0) 28 (d) 78 (e) 24 

7. Evaluate the expression x - ..!. x when x = 0 .8 • 
2 

(a.) 1.6 (b) .12 (c) 0 .B (d) -1.2 (e) 0 .4 

B. If a= 1, b = -1, c = 2, and d = -3, find the value of 
(a + b)(c + d) • 

(a) ~2 (b) -1/6 (c) -12 (d) 0 {e) none of these 

9. If b = -1 a.nd c = 2, find the value of (b- c)3 

(a.) 8 (b) -27 (c) -B (d) 27 (e) none of these 

10. A formula for time (t) in terms of distance (d) and rate (r) is 

(a.) t = ~ (b) d = rt (c) r = ~ (d) t = rd (e) t =- ~ 

11. Find the area of a trapezoid of height 8 and bases 4 and 7. 

(a) BB (b) 112 (c) 84 (d) 46 (e) none of these 

12. Find the area of a circle of dia.meter ,14, (n = 22./7). 

(a) 30B (b) 44 (c) BB (d) 616 (e) 154 

13. The circumference of a circle (r= radius, 'd:diameter) -is 

(a) nr2 (b) ~t (c) nr (d) nd (e) 2nd 

14. Add-: 2a2- 6ab +· 3b2; -a2 + b2; 3ab- 4b2 

{a) a2 - 2ab + 4b2 (b) a2 - 6ab (c) a.2 - 6a.b + b2 
(d) a2 ,. 3ab (e) 2a.2 - 3ab - b2 

15. Subtract (4x- 7y + z) . from (3x- y). 

(a)x-6y+z (b) -x + 6y - z (0) X + 6y - Z (d) X - By + z 
(e) -x + By + z 

16. Simplify: 7y + (2y - 5y) :II 

(a) 2y (b) 14y (c) 7y - 3y (d) 4y (e) 4 

(I-2) 
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17 • (a • 2a:a + 1) .. 2 ( 1 - a) = 

(a) 2a2 .. a + 1 (b) 1 .. a + 4a2 (o) 2a2 • 3a .. 1 
(d) 2a2 .. 2 (e) 3a • 2a2 

18. (-2xy) ( 2x2y )a = 

(a) 16x6y4 (b) -8x4y3 (o) -lsx5y3 (d) -ax5y3 ..(e) 8x4y3 

19. (x .. 3)(2x + 1) = 
(a) 2x2 ·- 5x .. 3 (b) 2x2 • 3 (o) 2x2 .. 7x - 3 (d) 3x .. 2 
(e ) 2x2 ;. 5 + 3 

20. Expand: (2x .. y):a = 
(a) 4x2- y:a (b) 4xa .. 2xy + y:a (o) 4x2 +- y2 
(d) 4x2 + 4xy + y:a (e) 4x2 .. 4xy + ya 

; 

21. (26xy) +- (-2x) = 
(a) 13y (b) -52x2y (o) 24y (d) -xy (e) -13y 

22. (x2- 2xy • ya) + (x .. y) = 
(a) X .. y (b) X + y (o) X .. 2y (d) X .. 2 (e) X .. xy +· y 

23. Solve for x~ 3x .. (2x + 5) = 3 

(a) 2 (b) 8 (o) -3/4 (d) -2 (e) 0 

24. Solve for x: 2 - 2x = 6 

(a) 2 (b) -4 (o) -2 (d) -1/2 (e) -3 

25. Solve for x: 4ax- 9ab =3ab 

(a) 3ab (b) 3b (o) 3(a +b) (d) -sa • 3b (e) 6ab 

26. Solve for x: x .. (1- x) =7 

(a) 4 (b) 6 (o) -1 (d) 8 {e) none of these 

(I-3) 
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27. If an investment of $1000 earns 4 per cent interest and another 
investment of $2000 earns 6 per cent, then the expression for 
the annual earnings in dollars is 

(a) 4(1000) + 6(2000) (d) .04 ( 1000) + .o6 ( 2000) 
(b) .04 ( 2000) . + .06 ( 1000) ( e ) ( .04 %)( 1000) + ( .os")(2000) 
(c) ( .10)(3000) 

28. If the sum of two numbers is 17 and their difference is 5, then 
the equation needed to find the numbers is 

(a) x + (x + 5) = 17 (b) x = (x - 5) + 11 (c) X + 5 = 17 + X 
(d) 5x = x + 17 (e) X ::r 17 + X 

29. Two autos traveled at rates of 40 and 25 miles per hour 
respectively. If the faster car travels 3 hours longer and 
goes twice as far, what is the distance traveled by the 
faster car? 

(a) 600 (b) 400 (c) 1200 (d) 300 (e) 120 

30. The units and tens digit of a number are~ and~ respectively. 
The number is 

(a) xy (b) lOy + x (c) lOx + y (d) lOxy (e) lO(x ~ y) 

31. Factor x2- 5x ~· 6 = 

(a) (x- 6)(x - 1) (b) (x - 3)(x - 2) (c) (x + 3)(x + 2) 
(d) (x - 4)(x - 1) (e) (x + 6)(x + 1) 

32. Factor 4x2- 8ly2 = 
(a) (2x- 9y)(2x + 9y) (b) (2x - 9y )2 (o) (4x - 9y)(x + 9y) 
(d) (2x + 9y)2 (e) (4x + 9y)(x - 9y) 

33. Factor 4xy2 +- 4xy ~ Sy = 

(a ) ( 2xy + 4y) ( 2y + 2 ) (d) 4y(x + 2y2) 
(b) y(4x + 4)(-x + -y) (e) none of these 
(o) 4y(xy + x + 2) 

34. Factor 8a3 + 27y3 = 
(a) ( 2a + 3y)3 (d) (4a2 +· 6ay + 9y2)(2a + 3y) 
(b) (2a + 3y){4a2 +- 9y2) (e) (2a - 3y)(4a2 - 12ay +· 9ya) 
(c) (2a + 3y)(4a2- Say+ 9y2) 

. ( I-4) 
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35. A factor of x3 + x + 10 is 

· (a) X .o 5 (b) X - 2 (0) X + 5 I (d) X +- 2 (e) x2 + 5 

36. Simplify: 2 +.!. 
X 

1 
-+4 
X 

= 

(a) 2x + 1 (b) 1 + 4x (o) 2x ·(d) 2x + 1 (e) none of 
4(x + 4) 2x + 1 1 + 4x 4x + 1 these 

37. Combine and simplify: 

(a) ax (b) ax (o) -a~" (d) axa - aJax 
xi - ai (x-a)(xi-ai) xA - ai (x•a,)(xl-ai) 

(e) none of these 

38. Solve for x: x + 1 2x +· 3 
11 .. 14 

(a) 7 (b) -22/3 (o) 11 (d) 15 (e) 44 

39. Solve for a: S • l/2(A + B +· C) 

(a) 2(S • A - B) (b)2(S-A+· B) (o)2S-A·B 
(d) 2A- 2S +· B ( e ) 2A +- 2B + 2 S 

40. Solve for r: 

(a) fq + fp (b) 1 (o) pq (d) p * q (e) 1 
i'pq fpq p .... q p + q 

(I-5) 



ALGEBRA EXAMINATION 

PART II FORM A 

(Intermediate) 

Directions: Do not mark the test booklet . Use scratch paper for 
your work. When you have determined the answer for a problem place 
an x on the answer sheet to indicate the letter of the answer. 

Example; The sum of 6 and 2 is 

(a) 12 (b) 4 (c) 8 (d) 3 (e) none of these 

Correct answer sheet marking: 
a b c d e 

Examp1 e : ( ) ( ) ( x ) ( ) ( ) 

1. Solve-: {3x - 4y = 13 
l?x - 3y = 12 

(a) x :r 9; y :r 2 (d) X :r •9; y =•10 
:1 x(b) X = 7, . y 2 (e) .. -7, y = -2 

(c) x .. -9, y =10 

2. The first step in the solution of the following equations 
to give the most direct solution should be 

(a) substitution
1 1
---::~6 (b) addition 
X y (c) subtraction 

(d) clear of fractions
1 2---=4 (e) none of these 
X y 

3. Simplify: (-2x)2 .. 

(a) -4x2 (b) 4!a (c) 2x2 (d) -2xs (e) 4x2 

4. Simplify: (rn-n) (xsn) ..I 

(a) xm+n (b) xm-2n (c) xm-n- (d) xm-2 (e) xn-2m 

Simplify: x5/6 + xl/3 = ·l.. 

(a) x7/6 (b) x2/3 (c) x3/2 (d) xl/2 (e) x 

(II-1) 



6. Simplify& (1/4)·112 • 

(a) 1/e (b) -1/16 (o) ·1/4 (d) 4 (e) 2 

7. Multiply& (Wf - Vs)(2\J3.+ Vs) • 

(a) 4V'S- Vs (d) 7 - 4Vi6 
(b) 12 ·- 4Vi5 .... V26 (e) None of these 
(o) 7 + 4vT5 

8. Simplii'fl (Va) (fa} • 
6

(a).. S:-.. (b) }at. (o) ~ (d)~ (e) Va 

9. Simplify& 2 
-if+ 1 

(&) Vi+ 1 (d-) 1/2 (Vi- 1) 
(b) 1/2 (Vf + 1) (e) none of these 
(o) V3- 1 

•\
10. Solves · 1 + Vx • Vx + 3 

(a) 2 (b) -3 (o) 1 (d) -1 (e) has no root 

11. Solves V9x•- 6 • 3x • 6 

(a) 1 (b) 3/2 (o) ·2/3 (d) 3 (e) has no root 

12 0 When ex~reued ~n " simplest _form v-46 • . 

(a) -M (b) 3VEr (o) M i (d) 3Vs 1 (e) ·3Vs 1 

13. SimplifY~ 117 • 

(a) 1 (b) -1 (o) ·1 (d) 1 (e) none of these 

14. Find the diagonal of a 1quare to the nearest tenth of an inoh 
whose area 1• 400 square inohes. 

(a) 800.0 (b) 20.0 (o) 28.1 (d) 282,8 (e) None of theu 

16. The number V73 is called 

(a) transcendental (b) rational (o) ir!'ational 
(d) imagina!'y (e) none o~ these 

(II-2) 



~ 16. To find the square root of 243 from a table of numbers from 
one to 100 the number 243 should be exp~~ed as 

(a) 2m (b) 9V3 (c) 3v'ST (d) 3Ve 
(e) can't be found from such a table 

17. A correct form of the quadratic formula is 

(a) · 1b2·4ac (b) - ~. Vb2-4ao (q) ·b • Vb2•4ac x~ b :1: v · Xa-----X :•b "" 
ZA 2& 2a 

(d) b :1: Vb2-4ac (e) none of thesex=-----
2a. 

18. Solve for x: x2- 7abx +· 6a2ba =0 

(a) 6a,p (b) -saa,ba (c) ·6ab,-ab (d) 3ab 1 2ab (e) Sab,ab 

19. Solve: 2x2. X+- 3 .. 0 

(a) -1 ;t m (b) -1 : ..m 1 (c) -1 ;t m i 

2 4 2: 

(d) -3,2 (e) +3,-3/2 

20. Solve: xa • x • 3 • 0 

(a) 3,-1 (b) -3,1 (o) -1 ;t m (d) +1 :1: Vf3 (e) 1 ;t Vir 
2 z - 2 

2lo The quadratic formula is derived from the general quadrati~ 
equation by 

(a) squaring both sides (d) completing the square 
(b) factoring (e) eliminating the constant 
(c) addition or subtraction 

22. The equation x3- xa- 12x =0 can be completely solved by 
which one of the following methods? 
(a) completing the square (d) factoring 
(b) dividing out an x (e) ho Ung1e one of 
(c) quadratic formula these methods 

23. The equation 2x- y • 3 crosses the x-axis at 

(a) o (b) "3/2 (c) -7./3 (d) -3 (e) 6 

(II-3) 
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24. The equation of the x-axis is 

(a) y =0 (b) x =0 (c) x - y = 0 (d) X = y =-0 
(e) x + y =0 

25. The function y =x2- x- 12 will cross the x-axis 

{a) at one point which is negative 
(b) at two points; both positive 
(c) at two points, both negative 
(d) at one point which is positive 
(e) at two points, one positive and one negative 

26. The graph of a cubic equation will cross the x-axis 

(a) three times (d) twice 
(b) once only (e) will never cross 
(c) not more than three times 

~7. The equation 4x2 +· 9y2 = 36 represents a (an) 

(a) hyperbola (b) circle {o) parabola (d) ellipse 
(e) two straight lines 

28. The equation 9x2- 4y2 = 36 represents a (an) 

(a) pair of straight lines (b) circle (c) parabola 
(d) ellipse {e) hyperbola 

29. Solve for ~and l...; (a) X =3 y = 2 and x = -2, y =-3 
(b) X = 3 • ' y -= -2 and x =-3, y = 2 

{X • y = 1 (c) X = 3" ' y = 2; double root 
x2 +· ya = 13 (d) X =3j' Y= -~and x = 2, · y· = -3 

(e) X =3, y -:a -2 and x =-2, y =3 

30. The following pair or equa (a) eliminating the constant 
tions can best be solved by (b) addition or subtraction 

(c) reducing to simpler systems 
2xa + ya .: 6 (d) substitution 
5x +- y = 9 . (e) graphing 

31. The number of distinct solutions for the following equations is 

xa +· ya = 13 (a) 4 (b) 3 (o) 2 (d) 1 (e) 8 
[4xii - ya =7 

(II-4) 



32. In a proportion the product of the first and fourth propor
tional is equal to the product of the 

(a) first and third (b) second and third (c) first and fourth 
(d) second and fourth (e) third and fourth 

33. Solve the proportion for ~1 S:x • x:l5 

(a) 6/3 (b) 3/5 (o) 3VS (d) sV3 (e) 3 

34. Ratio is a comparison of two numbers by 

(a) subtraot1 on (b) division (c) multiplication 
(d) addition (e) progression 

35. The expression 1/2 • 2/4 is a (an) 

(a) binomial (b) ratio (c) algebraic expression 
(d) proportion (e) formula 

36. If z varies directly as the square of ~and y • 8 when x • 2, 
fina the constant of variation. 

(a) 2 (b) 1/2 (c) 4 (d) 16 (e) 6 

37. If z varies inversely as xa, andy • 9 when x • 2, find z 
when x • 3. 

(a) 9 (b) 6 (o) 4/9 (d) 94 (e) 4 

38. A number~ varies directly as~ if their (?)is a constant. 

(a) product (b) quotient (o) difference 
(d) if ~is a constant (e) if lis a constant 

39. If the binomial (2x- a)n is expande~the eighth term will be 

(a) always positive (d) negative only if n is odd 
(b) positive only if n is even (e) can't tell unless-~ is 
(c) always negative - known 

40. The number of terms in the expansion of (ax ~ 2b)l7 is 

(a) 17 (b) 16 (c) 34 (d) 18 (e) infinite 

(II-6) 
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ALGEBRA EXAMINATION . 

SCORE NAME 
-------~ 

PART FORM DATE 
I or II 

a b o d e a b d d ~ 
1 • ( ) ·( ) ( ) ( ) ( ) 21. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
2. ( ) ( ) ( ) ( ) ( ) 22. ( ) ( ) ( ) ( ) ( ) 

a b o . d e a b · o · : d e 
3 •. ( ) . ( . ) ( ) ( ) ( ) 23. ( ) ( ) ( ) ( ) { ) 

· a b o d e a b o d e 
4. ()()()()() 24. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
5. ( ) ( ) ( ) ( ) ( ) 25. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
6. ( ) ( ) ( ) ( ) ( ) 26. ( ) ( ) ( ) ( ) ( ) 

a b. o d e a b o d e 
7. ( ) ( ) ( ) ( ) ( ) 27. ( ) ( ) ( ) ( ) ( ) 

a b. o d e a b o d e 
8. ()()()()() 28. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
9. ( ) ( ) ( ) ( ) ( ) 29. ( ) ( ) ( ) ( ) ( ) 

a ·. b o d e a b o d e 
10. ( ) ( ) ( ) ( ) ( ) 30. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
11. ( ) ( ) ( ) ( ) ( ) 31. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
12. ( ) ( ) ( ) ( ) ( ) 32. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
13. ( ) ( ) ( ) ( ) ( ) 33. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
14. ( ) ( ) ( ) ( ) ( ) 34. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
15. ( ) ( ) ( ) ( ) ( ) 35. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
16. ( ) ( ) ( ) ( ) ( ) 36. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
17. ( ) ( ) ( ) ( ) ( ) 37. ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
18 • ( ) ( ) ( ) ' ( ) ( ) 38 • ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
19. ( ) ( ) ( ) ( ) ( ) 39 • ( ) ( ) ( ) ( ) ( ) 

a b o d e a b o d e 
20. ( ) ( ) ( ) ( ) ( ) 40. ( ) ( ) ( ) ( ) ( ) 
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DIAGNOSTIC CHART FOR ALGEBRA EXAMINATION 
PART I, FORM A 

NameDate----- Age_ 
Major Field______ (Last) (First) 

Previous Mathematical Training 

Years of High School Math. Years of College ~· 

General - Algebra Algebra Analysis ___ 
Geometry--- Trigonometry Trigonometry 
Senior (Review)_ . ~ other (SpecifY}. 
Date last mathematics course was taken --------

Analysis ~ Algebraic Difficulties 

If the student's total score is low and it is desired to locat~ 
specific areas of difficulty, the following chart ~ay be u~ed. The 
num:bers following each sub-title indicate the question number. 
Areas of difficulty may be indica.ted by circling the number of each 
question which was answered incorrectly. 

Introductory Topics Equations and Stated Problems 
Definitions. • . • . 1,4,5 Solution of 
Rules. • • . • • • • .. 2,3 equations • . 23,24,25,26 
Evaluation • • • 5,6,7,8,9 Stated problems 27,28,29,30 
Formulas, recall • • 10,13 
Solution of formulas 11,12 Factoring 

Common monom~al 0 0 33 
Signed Expressions Trinomials • 310 

Addition • • . • • • • 14 Differe~c' of two 
Subtrao~i on • . • 15 squares 0 32 
Parenthesis • . . . • 16,17 Sum and · differenoe or 
Multiplication • 18,19,20 two cubes 34• • • . • • • 
Division . • • . • • 21,22 Factor the orem. • • • • 35 

Fractions 
Addition •• 40 
Subtraction 37,38 
Division. • • • • • • 36 
Fractional ' equ~tions 38,39,40 
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DIAGNOSTIC CHART FOR ALGEBRA EXAMINATION 
PART II, FORM A 

Date Age_ Name------ -~-~------~--~-------Major Field____._.___ (Last) (First) 

Previous Mathematical Training 

Years of ~ Sohool ~. 

General Algebra 
Ge-ometry-- Trigonometry 
Senior (Review) -
Date last mathematics course was 

Years of College~~. 

Algebra Analysis 
Trigonometry ---
othe:t; (Specify)______ 

taken 
--~-------------

Analysis of Algebraic Difficulties 

If the stu-dent's total score is low and it is 'desired to locate 
speoifio areas of di-fficulty, the followi.ng chart may be used. lhe 
numbers following ·each sub-title indicate the questi()n number. 
Areas of difficulty may be indicated by circling the number of each 
question Which was answered incorrectly. 

Simultaneous Equations of 
·the First Degree 
Simultaneous equations • 1 
Reciprocal equations • • 2 

Exponents, Roots and Radicals 
Laws of exponents •• 3,4,5 
F·ractional exponents • • 6 
Nege:tive ~xp-onents • • • 6 
Multi~lioation of 

radicals •••••••7,8 
Division of radicals • • 9 
Equati-ens w1th 

radicals • • • • • 10,11 
Imaginary numpers •• 12,13 
Pythagorean theorem ••• l4 
Irrational expreesions • 15 
Square root. • • • • • • 16 

Quadratic Equations and 
Hi·gher Order 
Quadr'!.tic formula •• 17,21 
Solution by factoring •• 18 
Solution by formula. 19,20 
Higher order equations • 22 

Graphing 
Linear functio:u ~ • 23,24 
Qu&dratic func~iCns • • 25 
Cubic functions • • • • 26 
Qu&dratics in twb •• 

unknowns o • o • • 27,28 

Qu~nratio Svstems 
One linear and one 

quadratic equation 29,30 
Two quadratic 

equat~ons • • • • 31 

Ratio and Proportion 
Rati 0 .• • • • • • • • 0 34 
Proportion•••• 32:,33' 35 

Variation 
Direct ••••• o •• 3S,39 
Inv~rse • • • • • • • • 37 

Binomial Theorem 
Expansion ••• • •• 39,40 

http:followi.ng
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APPENDIX F 

INDIVIDUAL EXAMINATION SCORES ON FORMS A 

'I'able XIV Individual Examination 
Form A 

Scores on Part r , 

Table IV Individual Examination Scores 
Form A 

on Part II , 
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TABLE XIV 

INDIVIDUAL EXAMINATION SCORES ON PART I , FORM A 

Score Score 

Number Odd Even Total Number Odd Even Total 

1 
2 
3 
4 

9 
6 

13 
14 

10 
8 

12 
14 

19 
14 
25 
28 

33 
34 
35 
36 

15 
9 

16 
16 

15 
9 

17 
16 

30 
18 
33 
32 

5 14 16 30 37 11 16 27 

6 4 1 5 38 l5 17 32 
7 
8 
9 

8 
12 

4 

15 
12 
6 

23 
24 
10 

39 
40 
41 

13 
7 

10 

16 
12 
14 

29 
19 
24 

10 11 11 22 42 14 13 27 

11 
12 

14 
4 

14 
7 

28 
11 

43 
44 

11 
13 

11 
15 

22 
28 

13 9 9 18 45 16 15 31 
14 
15 

4 
15 

3 
14 

7 
29 

46 
47 

14 
12 

15 
11 

29 
23 

16 
17 
18 
19 
20 

14 
16 

5 
10 
9 

14 
16 

5 
11 
15 

28 
32 
10 
21 
24 

48 
49 
50 
51 
52 

9 
11 
11 
13 
9 

8 
8 

17 
15 

g 

17 
19 
28 
28 
17 

21 
22 
23 
24 

14 
9 

13 
9 

16 
7 

11 
6 

30 
16 
24 
15 

53 
54 
55 
56 

13 
16 
13 

g 

14 
16 
17 
13 

27 
32 
30 
21 

25 12 15 27 57 6 11 17 

26 
27 
28 

15 
4 
g 

14 
4 
g 

29 
8 

16 

58 
59 
60 

16 
13 
13 

18 
14 
15 

34. 
27 
28 

29 
30 

12 
9 

10 
8 

22 
17 

61 
62 

9 
13 

13 
17 

22 
30 

31 
32 

14 
14 

16 
1£1 

30 
32 

63 
64 

13 
14 

15 
17 

28 
31 
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TABLE XV 

INDIVIDUAL EXAMINATION SCORES ON PART lit FORM A 

Score Score 

Number Odd Even Total Number Odd Even Total 

1 12 8 20 31 17 15 32 
2 6 7 13 32 14 14 28 
3 7 8 15 33 13 13 26 
4 " 14 10 24 34 13 14 27 
5 10 9 19 35 10 13 23 

6 10 4 14 36 12 11 23 
7 11 11 22 37 14 12 26 
8 7 10 17 38 9 7 16 
9 11 14 25 39 13 9 22 

10 6 6 12 40 12 9 21 

11 13 10 23 41 9 9 18 
12 11 10 21 42 g 6 14 
13 9 8 17 43 8 3 11 
14 6 8 14 44 9 8 17 
15 13 13 26 45 7 3 10 

16 7 3 10 46 10 11 21 
17 
18 

10 
14 

9 
16 

19 
30 

47 
48 

13 
11 

9 
7 

22 
18 

19 11 10 21 49 9 9 18 
20 14 12 26 50 7 2 9 

21 10 10 20 51 5 4 9 
22 g 13 21 52 11 10 21 
23 11 9 20 53 9 7 16 
24 5 6 11 54 12 14 26 
25 15 14 29 55 5 5 10 

26 
27 
28 

10 
7 

10 

8 
5 
3 

18 
12 
13 

56 
57 
58 

- 11 
7 
4 

11 
3 
4 

22 
10 

g 
29 7 5 12 59 13 14 27 
30 g 8 16 60 5 2 7 
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TABLE XV (CONTI NUED) 

Score Score 

Number Odd Even Total Number Odd Even Total 

61 7 10 17 96 9 8 17 
62 10 6 16 97 5 7 12 
63 
64 
65 

13 
11 
15 

12 
3 

16 

25 
14 
)1 

98 
99 

100 

12 
g 

10 

17 
10 
10 

29 
lS 
20 

66 
67 
68 

12 
s 

15 

7 g 
13 

19 
16 
28 

101 
102 
103 

7 a 
12 

8 
11 
14 

15 
19 
26 

69 13 12 25 104 17 16 33 
70 g g 16 105 3 2 5 

71 
72 
73 

7 
7 

15 

3 
4 

16 

10 
11 
31 

106 
107 
108 

14 
9 
9 

7 
9 
8 

21 
18 
17 

74 4 2 6 109 15 13 28 
75 9 2 11 110 10 12 22 

76 g 11 19 111 6 6 12 
77 10 12 22 112 12 5 17 
78 6 5 11 ll3 5 7 12 
79 so 8 

10 
9 

10 
17 
20 

114 
115 

9 
13 

10 
12 

19 
25 

81 11 11 22 116 11 15 26 
82 7 3 10 117 6 4 10 
83 
S4 i 1 

1 
5 
7 

118 
119 

6 
14 

8 
15 

14 
29 

85 9 7 16 120 12 15 27 

86 
87 

8 
6 

2 
3 

10 
9 

121 
122 

5 
7 

5 
9 

10 
16 

as 
69 

7 
7 

6 
8 

13 
15 

123 
124 

4 
8 

5 
7 

9 
15 

90 10 15 25 125 10 6 16 

91 g 7 15 126 g 8 16 
92 12 13 25 127 g 10 18 
93 
94 

4 
10 

1 
g 

5 
18 

128 
129 

g 
12 

8 
12 

16 
24 

95 9 6 15 130 9 10 19 
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TABLE XV (CONTINUED) 

Score Score 

Number Odd Even Total Number Odd Even Total. 

131 
132 
133 

9 
9 

10 

8 
11 
12 

17 
20 
22 

151 
152 
153 

10 
6 

10 

5 
4 

15 

15 
10 
25 

134 14 15 29 154 4 2 6 
135 6 2 e 155 14 15 29 

136 11 14 25 156 15 12 27 
137 6 6 12 157 12 13 25 
138 
139 

14 
5 

13 
4 

27 
9 

158 
159 

6 
13 

4 
12 

10 
25 

140 5 3 e 160 6 3 9 

141 
142 

6 
12 

12 
9 

18 
21 

161 
162 

9 
13 

3 
13 

12 
26 

143 
144 

7 
10 

5 
11 

12 
21 

163 
164 

13 
10 

12 
7 

25 
17 

145 9 5 14 165 7 8 15 

146 
147 
148 
149 
150 

a 
7 
8 

13 
10 

12 
7 

11 
12 

g 

20 
14 
19 
25 
18 

166 
167 
168 
169 

9 
6 
5 

11 

3 
4 
5 
5 

12 
10 
10 
16 
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APPENDIX G 

DATA FOR STUDY OF GRADES BY MULTIPLE CORRELATION 

Table XVI Ohio Psychological Examination Scores and 
Algebra Grades Earned the Following Term 
by Elementary Group 

Table XVII Ohio Psychological Examination Scores and 
Algebra Grades Earned the Following Term 
by Intermediate Group 

Table XVIII Ohio Psychological Examination Scores and 
Revised Scores on Part I , Form P, of the 
Examination Used in This Study 

Table XIX Ohio Psychological Examination Scores and 
Revised Scores on Part II, Form P, or the 
Examination Used in This Study 
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TABLE XVI 

OHIO PSYCHOLOGICAL EXAMINATION SCORES AND ALGEBRA GRADES 

EARNED THE FOLLOWING TERM BY ELEMENTARY GROUP 

Ohio Ohio 
Number Score Grade Number Score Grade 

1 66 B 31 58 A. 
2 58 c 32 37 c 
3 
4 
5 

9 
46 
53 

c 
B 
A 

33 
34 
35 

15 
88 
20 

B 
c 
B 

6 79 A 36 66 B 
7 
g 

31 
27 

c 
B 

37 
38 

54 
25 

D 
c 

9 
10 

26 
1 

D 
D 

39 
40 

29 
18 

F 
c 

11 
12 

53 
37 

B 
B 

41 
42 

12 
44 

c 
A 

13 
14 

66 
60 

D 
B 

43 
44 

33
12 

D 
c 

15 59 c 45 10 c 
16 38 D 46 80 B 
17 
18 

16 
18 

F 
c 

47 
48 

64 
18 

D 

' 19 
20 

4 
27 

F 
c 

49 
50 

3
22 

F 
B 

21 
22 
23 
24 

32 
37 
33 
54 

c 
B 
F 
c 

51 
52 
53 
54 

55 
42 
17 
20 

c 
D 
c 
c 

25 33 D 55 6 F 

26 
27 
28 
29 
30 

35 
63 

5 
16 
38 

c 
B 
F 
B 
F 

56 
57 
58 
59 
60 

21 
66 
7 

95 
38 

B 
c 
F 
A 
B 
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TABLE XVI (CONTINUED) 

Ohio Ohio 
Number Score Grade Number Score Grade 

61 32 c 96 64 B 
62 12 D 97 37 c 
63 10 c 98 21 F 
64 
65 

20 
45 

B 
B 

99 
100 

29 
40 

c 
c 

66 41 c 101 10 c 
67 14 B 102 24 F 
68 50 A 103 41 D 
69 52 B 104 16 B 
70 39 B 105 10 c 

71 e B 106 58 F 
72 
73 

10 
30 

F 
D 

107 
108 

55 
74 

B 
B 

74 71 A 109 25 D 
75 41 c 110 7 D 

76 
77 
7S 

56 
40 

8 

B 
B 
c 

111 
112 
113 

65 
55 
7 

B 
c 
c 

79 g c 114 16 c 
80 25 B 115 56 c 
81 
82 

21 
6 

A 
A 

116 
117 

64 
42 

c 
B 

83 41 c 118 20 D 
84 
85 

1 
50 

c 
B 

119 
120 

4 
62 

B 
B 

86 46 B 121 29 c 
87 
88 

24 
61 

F 
A 

122 
123 

17 
48 

F 
B 

89 
90 

10 
4 

D 
c 

124 
125 

9 
5 

c 
c 

91 
92 

1 
66 

F 
D 

126 
127 

47 
81 

D 
A 

93 34 F 128 17 F 
94 9 c 129 26 c 
95 15 c 130 43 F 
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TABLE XVI (CONTINUED) 

Ohio Ohio 
Number Score Grade Number Score Grade 

131 
132 

45 
21 

c 
c 

136 
137 

42 
75 

c 
c 

133 
134 
135 

35 
48 

5 

F 
c 
B 

138 
139 
140 

37 
21 
53 

c 
D 
D 

141 2? c 
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TABLE XVII 

OijiO PSYCHOLOGICAL EXAMINATION SCORES AND AL GEBRA GRADES 

~4RNED THE FOLLO ~ING TERM BY INTE~mDIATE GRO UP 

Ohio Ohio 
Number Score Grade Number Score Grade 

1 21 D 31 51 B 
2 63 F 32 13 D 
3 
4 
5 

42 
52 

8 

D 
c 
A 

33 
34 
35 

42 
63 
50 

B 
D 
F 

6 48 c 36 31 D 
7 
8 

31 
38 

D 
c 37

38 
42 
1 

D 
c 

9 27 c 39 86 D 
10 32 B 40 27 D 

11 
12 

95 
21 

c 
D 

41 
42 

49 
15 

A 
D 

13 65 c 43 65 c 
14 41 D 44 42 F 
15 18 c· 45 68 B 

16 23 D 46 52 c 
17 
18 

29 
57 

B 
B 

47 
48 

33 
57 

B 
c 

19 
20 

48 
50 

c 
B 

49 
50 

JJ 
8 

B 
B 

21 8 c 51 38 D 
22 
23 
24 
25 

6J 
13 
61 
51 

c 
F 
F 
A 

52 
53 
54 
55 

4 
61 
54 
55 

F 
D 
c 
D 

26 42 c 56 67 c 
27 
28 
29 

60 
54 
28 

c 
c 
D 

57 
58 
59 

26 
34 
16 

D 
D 
c 

JO as A 60 85 B 
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TABLE XVII {CONTINUED) 

Oliio Ohio 
Number Score Grade Number Score Grade 

61 33 D 66 24 ' F 
:62 47 c 67 47 B 
63 52 D 68 4.8 A 

. 64 65 B 69 13 D 
65 S7 B 70 11 D 

71 62 c 
72 26 F 
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TABLE XVIII 

OHIO PSYCHOLOGICAL EXAMINATION SCORES AND 
. 

ON PART I, FORM P OF THE EXAMINATION USED 

REVISED SCORES 

IN THIS STUDY 

Ohio Revised Ohio Revised 
Number Score Score Number Score Score 

1 66 19 31 17 30 
2 58 21 32 54 28 
3 3 26 33 33 20 
4 
5 

15 
gg 

31 
30 

34 
35 

32 
21 

28 
24 

6 ·24 22 36 58 31 
7 g 
9 

10 

20 
66 
31 
27 

27 
26 
24 
28 

37 
38 
39 
40 

37 
9 

46 
53 

12 
27 
27 
26 

11 
12 
13 
14 

26 
29 
30 
18 

18 
27 
28 
15 

41 
42 
43 
44 

39 
79 
46 
54 

7 
30 
17 
22 

15 4 15 45 25 27 

16 
17 
18 
19 
20 

53
12 
14 
66 
60 

27 
19 
10 
16 
21 

46 
47 
48 
49 
50 

51 
21 
1 

10 
27 

23 
25 
9 

19 
22 

21 
22 
23 
24 
25 

10 
so 
64 
18 
4 

20 
28 
20 
20 
13 

51 
52 
53 
54 
55 

67 
37 
44 
33 
59 

24 
23 
31 
23 
24 

26 30 15 56 38 22 
27 
28 

27 
32 

23 
20 

'57 
58 

16 
1 

13 
18 

29 
30 

55 
42 

23 
24 

59 
60 

18 
12 

20 
13 
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TABLE XVIII (CONTINUED) 

Ohio Revised Ohio Revised 
Number Score Score Number Score Score 

61 3 21 96 58 12 
62 22 20 97 55 23 
6) 
64 

19 
37 

15 
23 

98 
99 

74 
71 

11 
32 

65 33 21 100 25 16 

66 27 23 101 7 18 
67 20 26 102 65 20 
68 
69 
70 

6 
35 
21 

21 
26 
21 

103 
104 
105 

40 
22 
57 

34 
17 
26 

71 63 22 106 66 20 
72 
73 

5 
36 

12 
21 

107 
108 

7 
16 

11 
22 

74 95 33 109 59 26 
75 38 13 110 38 24 

76 
77 

a 
32 

16 
22 

111 
112 

13 
64 

10 
21 

78 32 25 113 12 16 
79 37 21 114 66 21 
80 26 23 115 10 14 

81 21 14 116 30 21 
82 20 29 117 1 19 
83 29 25 118 45 29 
84 1 13 119 42 28 
85 10 15 120 40 26 

86 
87 

36 
41 

20 
18 

121 
122 

20 
84 

9 
22 

gg 
89 

10 
22 

20 
11 

123 
124 

14 
24 

23 
20 

90 50 31 125 41 21 

91 
92 

52 
27 

26 
10 

126 
127 

15 
24 

9 
16 

93 16 14 128 52 14 
94 10 11 129 39 20 
95 10 25 130 8 26 
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TABLE XVIII (CONTINUED) 

Ohio Revised ~ Ohio Revised 
Number Score Score Number Score Score 

131 10 24 .166 75 16 
132 30 25 167 13 12 
133 74 33 168 48 27 
134 66 18 169 31 28 
135 41 16 170 21 18 

136 56 32 171 62 25 
137 
138 
139 
140 

8 
55 g 
7 

14 
22 
21 
22 

172 
173 
174 
175 

5 
4 

53 
26 

30 
11 
25 
23 

141 
142 

44 
27 

17 
21 

176 
177 

g 
16 

27 
25 

143 25 29 178 17 15 
144 56 19 179 21 30 
145 64 23 180 6 26 

146 
147 

42 
20 

23 
12 

181 
182 

41 
1 

20 
26 

148 55 11 183 4 23 
149 50 27 184 62 28 
150 46 18 185 29 22 

151 
152 

24 
61 

16 
32 

186 
187 

17 
48 

24 
28 

153 17 14 188 10 15 
154 9 22 189 21 15 
155 I+ 15 190 5 16 

156 l 14 191 33 18 
157 
158 
159 
160 

47 
66 
34 
33. 

17 
22 
12 
27 

192 
193 
194 
195 

32 
81 
8 

17 

30 
34 
11 
18 

161 9 18 196 26 23 
162 
163 
164 
165 

15 
43 
45 
21 

29 
18 
26 
23 

197 
198 
199 
200 
201 

12 
21 
42 
9 

51 

25 
18 
20 
19 
22 

202 
20~ 

37 
2Z 

22 
26 
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TABLE XIX 

. OHIO PSYCHOLOGICAL EXAMINATION SCORES AND REVISED SCORES 

ON PART lit FORM P OF THE EXAMINATION USED IN THIS STUDY 

ohio Revised Ohio Revised 
Number Score Score Number Score Score 

1 1 19 31 21 25 
2 51 22 32 63 22 
3 
4 
5 

13 
52 
47 

28 
23 
21 

33 
34 
35 

42 
63 

8 

25 
20 
22 

6 50 6 36 48 30 
7 
8 
9 

10 

31 
42 
11 
50 

29 
26 
22 
16 

37 
38 
39 
40 

29 
74 
38 
27 

23 
24 
28 

8 

11 
12 

86 
32 

18 
30 

41 
42 

30 
27 

26 
28 

13 95 34 43 47 7 
14 
15 

49 
15 

33 
21 

44 
45 

21 
65 

24 
31 

16 41 15 46 42 12 
17 18 24 47 68 30 
18 23 19 48 52 26 
19 
20 

29 
57 

28 
28 

49 
50 

33 
48 

30 
24 

21 
22 

33 
26 

30 
16 

51 
52 

23 
50 

17 
32 

23 
24 
25 

63 
8 

12 

28 
27 
12 

53 
54 
55 

71 
38 
63 

23 
18 
32 

26 
27 
28 

4 
61 
76 

23 
33 
18 

56 
57 
58 

13 
54 
51 

29 
30 
32 

29 
30 

30 
53 

31 
25 

59 
60 

55 
42 

15 
20 
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TABLE XIX (CONTINUED) 

Ohio Revised Ohio Revised 
Number Score Score Number Score Score 

61 67 32 76 60 30 
62 26 24, 77 54 )2 
63 34 23 78 25 25 
64 
65 

2$ 
85 

25 
34 

79eo 16 
33 

24 
24 

66 73 35 81 57 32 
67 
68 
69 

24 
52 
65 

13 
19 
38 

82 
83 
g4 

47 
48 
68 

32 
35 
37 

70 13 27 

71 87 22 
72 ll 22 
73 44 30 
74 27 24 
75 62 22 




