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Introduction

For several years the Lepartnent of Physice of
the Liissouri schaool of liines hes prsascticed secticn~
ing of its classves in general Thysics. The aim has
been to segregate in one section the students of su-
nperior ablility, giving thew = course including totna
the fundamentals of phrelics and their auriizations

in engineering,., The rensindesr are given a course in

)

fundarentals without »nlacing so much stress upon the
applications. This second group~-the larger of the
two~=1s further divided into two unsgucl groups,

the smaller of which includes thoce students wno are
expected to encounter difficulty and need especial
attention. The purposes of suech division into sec~
tions are two: | |

1. To facilitate the instructional processes,

Zz. To give the superior student an opportunity
to proceed without the sense of Leing held
back by others of the group, and to give the
less fortunate student an opportunity to rro-
ceed without the feeling of helplessness |
which is likely to be present when both types
of students work in the same class.

It must be here understood that placing a student in



a given section does not by any means predetermine or
guarantee his grade, Xach student is greded upon the
type of work which he does. One would expect, however,
from the considerations upon which the sectioning is
done, that the grade averages of the two sections
would differ.

Various criteria are used for determining the
sections, The required physics courses are placed in
the second year of sll curricula at the kissouril
ichool of Mines. This makes possible the use of a
student's first-year record as a criterion for assign-
ing him to a seétion. Another criterion used to sup-
plement the first-year grade record is the student's.
score on the Towa Placement Examinations. The physies
examination consists of two parts, the Training Series
and the Aptitude Series. These examinétions are admin-
istered at the first two meetings of the class in |
general physics, the Aptitude Examination being given
on the first day and the Training Examination on the
succeeding day. The scores made on the two examina-
tions are used in conjuncticn with the scholastic re-
cords of the freshman year to determine the seotions;

Where the data from the placement examinations
were used to supplement other fairly relieble data,

it was thought that the administration of the Iowa

-2



Lxaminations, recuiring two periods, was wasteful of
time. It was believed that an examinetion could be
devised which could be. aduinistered in a single period
and furnish information of sufficient worth. The LiSL
Physics Placement Examination was the result.

This investigation is concerned with a ecrivical
study of the examination., The aims of the study are
to determine the probable worth of the examination as

a unit and as compared with similar examinations.



scope of Work Done

The nistorical development, purposes, and func-
tions of placement examinstions were studied, as were
their form and construction. An objective type rlace-
ment examination for college physics was constructed.
This examination was adninistered to 113 high school
students distributed among seven schools. The results
were studied to determine the ﬁalidity and the relia-
bility of the examination. Slight revisions vere
made in the examination wherever need for them was
apparent from the study of the high school papers. It
was then adininistered to 510 college students distri-
buted among four Missouril colleges and universities.v
From the group of papers thus obteined reliability
coefficients and norms were determined for the exami-
nation. The worth of the examination for predicting
accomplishment 1in ccllege physics classes was studied
by correlating the examination scores with the final
term grades for each student. Regression equations
were formed by which final or term grades could be
predicted from the placement examination scores or

from these scores and scholarship marks combined.



4 Brief Survey of Placement Examinations

Functions of Placement Exsuiinations

The chilef function of the placement examinetion
is prognosis. It is expected to yield results which
will enable the administrator to predict with fsir
accuracy the character of work which a given individ-~
. uel is likely to do. It should afford a reasonable
basis for sectioning a clacvs into homogeneous groups
in each of which all individuals would be expected to
make somewhat the same progress. It should afford
the instructor a useful device for establishing aca-
deniic relations with his class at the first meetinguof
the group. It should indicate to the student some-
thing of the prepgration he is assumed to have nmade
for the work upon which he is entering and introduce

him to the nature of the msterial of the course.

A Survey of Similar Investigations

During the last quarter century much attention
has been directed toward prediction of academic suc~

cess. The importence attached to such prediction is



well expressed by symonds in his Leasurenents 1in

Secondary Education (7, page 363%): "Science holds

prediction as its most important aim and prognosis
is the ultimate aim of endeavor in the scientifiec
study of education.” |

Early studies of exaninations for prediction
had as their object the determination of general in-
telligence or the prediction of general mental at-
tainment. The first tests designed to predict
achievement in specific subjects or courses were
constructed by T. L. Kellev, who published his re-
sults in 1914 (11). His aim was stated as follows:
"The endeavor of this study is to predict with =
known, and as high as possible, degree of accuracy
the capaclity of the pupii to carry a prospective high
school course." He devised four tests to predict
ability in algebra, geometry, history, and English.
The correlations of the test scores with achievement
grades ranged from .44 for the English test down to
.51 for the history test. The reliability of the
tests was probably rather low.

The nex't attempt of any importance to construct
prognostic tests was that of Dr. Agnes Rogers, who
began her work in 1916 and published her results in

1918. Correlations with achievement were much higher

6=



than those ottained by EKelley, running as high as .8z,
liore will be said of her work labter in this study.

rom the beginning of the uze of tests 1in pre-
diction, twvo cistinect types of tests have been utiiized.
One is the general psychological or intelligence test,
while the other is the subject matter test which may
be designed for trediction of general} scholarship or
more exvressly for prediction inm a given fileld. In=-
telligence tests which have been widely used in such
studies are: Army Alvha, designed during america's
participation in the Iuropean war for use in the U.OS.
Army; Terman Group Test of llental Ability; Otis Group
Intelligence Scale; Thurstone Psychological Ixamina-~
tions; the Brown Scele; and the Thorndyke Intelligeﬂce
Test, especizlly designed to meet college needs. The

aversgie correlations of these tests with college marks

"

55 Getermlined by varilous investigators are given in

Table 12,

*This teble is adapted from oymonds: leasurements in

Secondary Bducation, Table III, page 419, and from

wtolicdard: Iowa Placement Examinations, University of

Tows Studies in Bducstion, Vol. III, No. 2, pages 11-12Z.
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Table 1

Correlation of Intelligence Exarination Zcores

with College Gredes

Test Jordan lichail Toops Hoke
Thorndyke .50 « D&
Brown 47 .40
Thurstone 53 .40 125
Otis ' A4 .06
Terman .48 .45 .48
Army ailpha 415 .09 .40

bimilar data for these and other placemnent exami-

nations are given in Table 2.
Table 2

Predictions by ¥arious Tests of First

Senmester Grade Averages in College:

WName of ftest r source
ATHY AIDPNE 4eseeeaseess 45 Stone (1922)
Army 4A1DHE cveeeeeeses. 44 Stone (19z2)
Army AIDPhE eeveveeeeeee o33 Stone (19:22)
ATIY ALDHE +veeveevsess o850 Stone (1952)

Army A1DNA seeeeesseess o41 De Camp (1921)



Tabvle 2,‘continued.
Iame of test r wource
ATIIY ALDHE teesscoceee 49 Stocdard (19i%8)
ATTY ALDNE ceiieeieeeee o44 IicPhail (1924)
APINY ALDPNA cecesesnase o4D Colvin (1919)
APIY ALDNRE seeesecseaees +0D  Eridges (19:22)
ATIY A1lDNA seeeceanses 2388 Bridges (1952
AT AlDRA ceeceseeseas 05  Dridges (19<&)
ATV ALDPHE seceesesces o028 Eridges (1922)
AYMY ALDNE ceecosvanse 46 Van vagenen (19:0)
Thorndyke I-III ...... .60 Thorndvke (16<s)
Thorndyke I eeeeceosoaece 47 Thorndyke (1922)
Thorndyke Il c.evieeees 45 Thorndyke {(19z2)
Thorndyke I-IIT ..eees 51 Wood (19R23)
THOTNAYTKE eeeosonseaee 208 L.erhail (1924)
THOPNAVKE eeeessaseees o41 eifhaill (1924)
TROTNAYKE ovveenens.n. .41  LicPhail (1924)
Thorndvyke +e.ceceseess 41 MePhail (19z4)
Council on Hducation . .62  .todderd (1925)
Council on Lducation . .54 Thurstone (léaS)
Thurstone ....eeee.... 13 Hoke (1933)

Thurstone (19z2)
Johnston (1924)

ThUI‘StOIle s e e o s 000 s -

o
(33 {0

LInnesotl ceeceeeanscce o0
Ternan GTOUD «cesecese 48 Toke (19z2)

Brovn Univercity ..... .46  LecPhail (19z24)



Table =, continuede
sxas of Seot 2 wourees
CErown Univercity ceee. oo serhzil (1SE24)
Erovn University ..... &9 Lernsil (1¢24)
Zrown Trniversity see.. 07 LePueil {1224,
Tnivercity of Texas .. .49  Perrin (19z4)

%

Iowa Placement

Sxcrinations .... .85 to W75 Ltoddard (18s8)
Towa fhysics aptitude .25 Hillson (19<0)

Towa rhysics nptltude .59 Tillson (19%1)
Lo. wecnocol of iines

Eng. Drawing ...... .68  Lenn (1929)

*sdapted from variocus sources, the chief one being

Hemmond and Stoddard: 4 Study of Placerent Ixaul-

nations, Bull. ©o. 15, Investigation of ingineering

Education, w.P.B.H.

The tables indicate that the preaictive value of
the various examinations is qguite varieble and is in
most cases undesirably low. It must be noted that the
correlations given are between the examinations and
average grades. VYhen these tests are used to predicf
success in a single subject, rebults are even less
batlsfactory. C. L. Stone (17, pages 398-502) at-

tempted to use Army Alpha for this purpose, obtaining

~10-
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coefficients of correiation ranging from .1l to .50.

He tried to use thoe vasrious parts of the test for

uiding students in their choice of courses, tut he
determined that the test was valueless for such purposes.

The general conclusions derived from the work of
various investigatcrs concerning the use of intelli-
gence examinations for prediction are: |

1. Such examinations have more worth for predicting
generszl academic success than attalnment in spe-
cific subjects,

&. ouch examinatiocns are betiter for prediction of
college success than sre high school marks.

<. They are superior to subjeci-matter examinations
for the prediction of general scademic success,
but inferior to such examinations for prediction
of attainment in single subjects.

During recent years great development has been
made of subject—matterbexaminations for gensrsl and spe-
cific predictive purposes. OQOutstanding are the tests
prepared under the direction of Professor L. L. Thur-
stone in response to 2 demand made in a resolution
passed by the Society for the Promotion of Engineering

-

Education at its Baltimore meeting in June, 1918 (16!

"Thet this society through its Coumittee on

Admission, or otherwise, recommend that as &

-11-



matter of experiment and research, psrchologiceal,
tobjective', 'trade', or other similar tests be
given to all students after admission to engineer-
ing courses of study and that the ratings thus
ocbtained be compared with their subseguent scho-
lestic success,"
olx tests were prepared, five of which mey be consider-
ed as subject-matter tests, while the sixth is the
Thurstone Psychological Examination. Kesults obtained
from administration to nearly elght thousand students

entering engineering colleges are given in Table &.
Table 3

Correlation between the Thurstone Group Tests

and First Year Engineering Scholarship?

Test T
Arithmetic oS
Algebra 4
Geonetry .30
Physics .54
Technical Informetion 23
Psychological Examination &9

- o A o 4 — A ——— " A A TR S A Sm #ee M S AN WL DD AT AN G OO A S R . D S R SR D AR HEN R SO M G R G Sk ok Ay OB e S S

- e — o —— " . S GNS AMOR SR e e vm MG SN G G A S S G DA N GED A W e G G S S M bee SR BAF R DO a0 GEL W GRS GRS SID I G e M M e S
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The complete series of tests given as a battery
gave correlations running from .19 to .26, the median
being .46. It was found that single tests in & specif-~
ic subject were not of themselves very reliable bases
for prediction of general academic success, tut that
they were more relisble than high school grades. It
should be noticed that the Thurstone Group of tests
did not propose to predict results in specific subjects.

Among the first studies devoted to a test for prog-
nosis in a particular subject was that of Dr. Agnes |
Kogers (15, pages 72-74), referred to above. Dr. Rogers
was interested in prédicting mathematical ability in
high school students. She prepared a battery of six
diagnostic tests which she adwinistered to a group of
114 students, all of whom were girls. Correlations ob-
tained bvetween the marks on the test battery and nath-
ematics grades were .62 for one group of 53 individuals
and .82 for another group of 61 individuals, These
coefficients are quite higl, but the working groups
were not sufficiently large to assure their reliability.

The outstanding attempt at prediction in specific
subjects is the series of tests known as the Iowa
Placement Examinations constructed at the State Univer-
sity of Iowa by Dr. George D. Stoddard under the generél

direction of Dean C, L. Seashore of the Graduate College

-] B



=nd Professor . i, Huch of the College of Education.
These exanminations constitute a series of educstional
tests designed to messure the training =nd aptitude

of students for subjects commonly included in the
first vear of englneering curriculsa. Eéch subject is
represented by two exsminations: an aptitude exsmina-
tion which 1is a speciazal kind of intelligence test, and
a training examination wanich is an objective content
examination. As outlined by the authors (10), the ap-
titude examination is designed to measure those par-
ticular mental gbilities which probably constitute a
factor in subsequent success in the particular subject,
while the training examination messures the character
of the previous training in the subject, also, the
amount of previous training. The tociety for the Pro-
motion of Engineering Education cooperated in the study
of the Iowa Lxaminations by having the examinations
given to students in a large number of schools through-
out the country, thus amassing considerable data on thé
validity and reliability of the examinations, Their
accuracy of prediction is shown in Table 4., It will be
noted that the correlation coefficients in this table
are relatively higher than those in Table 1, pnage 8,
which gives correlations between general intelligence

examinations and general scholastic success.

=14



Table 4

Correlation between lowa Placement Examinations

and First cvemester Grades in the subjects

Examination liean coef- Range of coef-
Ticlent ficients

Chemistry Aptitude .48 w20 to .63
Chemistry Training .52 .85 .07
Chemistry Aptitude plus

Chemistry Training .08 .55 .65
English Aptitude <46 W35 .69
English Training .54 .28 .87
Lnglish Aptitude plus

English Training .52 G .74
Foreign Language Aptitude .52 30 73
French Training .06 45 .65
Spanish Training DS .48 .57
Mathematics Aptitude .46 .16 .65
Mathematics Training .01 . 34 .65
Mathematics Aptitude plus

Mathematics Training .51 07 .71
Physics Aptitude 47 .28 .62
Physics Training .61 D7 .69

e A Gt N A - — S - ", GV S A A W G MR S S e U G, S GE G G R EER G e oS e SRR W e SR RS M e e S S G G G S e S .

*Adapted from A Study of Placement Examinations, Bulletin

15, Society for the Promotion of Engineering Education.
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A comparison of true worth can be made, however,
only between the data given above for the Iows Zxami-
nations and similar data concerning examinations used
to predict in a single subject. Table 5 furnishes such
a comparison. A study of Tables 4 and 5 leads to the

conclusion that the Iowa Examinations excel.

Table 5

Prediction by Intelligence Tests of First Semester

Grades in Specific Subjects in College?

vescription of test : r source
University of Texas (Chemistry) .30 Stoddard
Thorndyke I (Chemistry) .27 Stoddard
" Thorndyke I (Chemistry) A1 Stoddard
University of Texas (English) .54 Perrin
Thorndyke I (English) A2 Stoddard
Thorndyke I (English) .36 Stoddard
University of Texas (Mathematics).36 Perrin
Thorndyke I (liathematics) 23 Stoddard
Thorndyke I (Romance Language) .25 stoddard
University of Texas (Physics) W31 Perrin
lo. sSchool of Mines (Drawing) .63 Mann

—— i o — o - S > S e N A G weh SR GER TR MM AT A W e VS . A Gma A W IS M G T A G D SN O SIS G M G A R AR S S em e TR o e
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Description of the kissouri School of lLines

rhyvsics Placement Examination

The examination is divided into four parts.
Part One measures the elementery methematical pro=-
cesses used in physics. It contains thirty items.
which belong to two distincet types. <Zome of the
items are tests in logic designed to messure the
ability of the student to draw conclusions from
given observations. The majority of the items mea-
sure the simple arithmetic and algebra involved iﬁ
problems freguently occuring in a course in college
physics,.

Part Two 1s essentially an interest test. Its
form might be called pictorial recognition. It con-
sists of thirty-four sketches or diagrams of deviceé
involving some cosmion importaent physical principle.
The pictures are numbered consecutively. They are
accompanied by a list of the names of the devices
illustrated. These names are arranged in random or-
der with a blank before each in which the student ”
is to place the number of the corresponding sketch.
While this part to some extent presupposes a partial
knowledge of elementary physics, it is expected that

the majority of students will have acquired more of
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this information through thelr various individual
assoclations than through formal instruction, and
the extent of knowledge displayeé by the student in
this part of the examination should be a measure of
his interest in applied physics. It is logical to
assunie that interest in a subject will ve & factor in
success in the subject.

Part Three is made up of three selections of
material from a standard textbook in college physics
written especially for tecunical schools. DBased
upon these selections is =z set of precisely worded
true or false statements which are intended to mca-
sure the ability of the student to grasp and utilize
whzt he has read. One of the selections makes use
of a lettered diagram in order to test thé student's
abiiity to make use of the pictures and diagrams that
supplement his text.

Part Four is also essentially aﬁ interest test.
It is held that the student who has particular fit-
ness and liking for physics will have built up a fund
of knowledge through his reading and other activities,
and that the extent of this fund of knowledge will be =&
measure of probable scholastic success in the subject.
Accordingly, Part Four is made up of tLirty statements

involving fundamental concepts of physics and their
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application. The recognition type of question.with
cholce of answer %o be made from five offered was used
in order to eliminate as conpletely as possible the
ffects of chance answers.

The entire test consumes forty-eight minutes of
actual working tine, distributed as follows: Part One,
Tourteen minutes; Part Two, eight minutes; Part Three,

fifteen minutes; Part Four, ten minutes.
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PanT 11

Hesults of sdministration to High Lchool Students

Introductory tatenent

The examination was administered in the spring of
1930 to 113 high school pupils distributed among seven
schools. Approxinately ninety-five per cent of the
115 pupils were seniors within a few days of graduation.
The remainder, with one excepticn, were juniors. One
sophoriore who expressed a desire to take the exemina-
tion was permitted to do so. His score was the secoﬁd
highest from his school =znd relatively high among the
119 scores.

The aims for administering the test in the high

>chools were:

1. To obtain a set of papers to serve as an eval-
uation index for the examination. .

4. To discover any inherent defect in contenf,
arrangement, time limits, etc.

3. To determine what differences, 1if any, the
examination might bring out between students
who had taken a course in physies in the high
school and students who had not taken such a

coursea.



The L.issouri schools cooperating in the study
and the number of students used from each were as
follows: Rolla, (4%); St. James, (18); Pacific, (12);
Sullivan, (11); Vebster Groves, (lg); oalem, (8);
Dixon, (7). 4ll the students were boys execent one of
the Vebster Groves group and sixteen of the Holla
group. Of these girls who were permitted to take the
examination, six had completed a course in high school

physics.

Discussion of Norms

Norms are standards which enable comparisons be-
tween individual scores, group scores, or the scores.
of individuals and group scores. 4 sbudentts accom-
plishment mey be compared with that of his class; one
class may be compared with another; one instructor's
‘resulté with another'é, etc. |

Norms in general are of two types~--measures of
central tendency and megsures of variaﬁility. Yost
important among the former are'the mean, the median,
the quartiles, and the percentiles. Most important
" among the latter are the quartile deviation, the av-
erage deviation, and the standard deviation. The
latter is most often used. The particular measure to

be used will depend upon the'purpose for which it is
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to be used. It is quite possivble for one type of
measure to be of little velue for comwarative purrposes,
while another tyre has great value. For example, two
sets of measures wight have the sare mean, but the dis-
tributions be such that the staindard deviation of one
be twice that of the other. Obvicusly, cocmrarison of
the means of the two sets of measures accomplishes
nothing; we must utilize some measure werich will fur-
nish a comparison of the variation of the trait being
neasured in the two groups from the average of the
trait for each group. The standard deviation is such
a measure.

The distribution, mean, median, and range of the
scores made by the composite high school grcup are

given in Table 6.
Table 6

heans, ledians, and Renges Obtained from Papers
Written by High School Students

Group N Mean liedian Rangez

Entire 11 61,85 £57.0 112-17

High &chool physics 45 80.8 81.0 115;44

No H. &. physics 68 48,353 46.9 98-17

e . . N G . — A B o e - S S R S G A ma
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The arithmetic mean is quite satisfactory, consid-
ering the nature of the examination and the nature of
the groups to which it was adwministered. The ratio
betwéen the mean score and the perfect score compares
guite well with this ratio for various examinations of

the same general type as the exanination being studied.

_ The»ratio mean score + perfect score is .49. This
ratio for the Iowa Placement Examinations ranges from
.37 for the Chemistry Training Examination to .62 for
the English Aptitude Examination.

For a perfect distribution, that is, one following
the normel prcbability curve, the mean and median scores
should be identical. They actually differ by 4.83
points and by seven test papers. Increasing the number
of cases would likely cause the mean and median scores
toc approach each other.

Variability norms obtained for the high school dis-

tribution are given in Table 7.

Table 7

Variability Norms for High School Group

Norm Value
qguartile deviation 15.6
Average deviation 21.8
Standard deviation 24.008

-2%—



Critical wtudy of the Lxamination

Among oOther quéstions which this prelininary in-
vestigation with high school students attempts to “
answer are the following: (1) Is the examination suf-
ficiently valid? (2) Is it reliable? (3) Does it de-‘
tect sufficient differences in student ability to be
used as a criterion for sectioning classes?

4 worthwhile examination must have high validity.
Ruch (2) defines validity as follows: "By validity is
meant the degree to which a test or examination mea-
sures what 1t purports to measure. Validity might élso
be expressed nmore simply as the 'worth-whileness' of
the examinatiocn." He states further, QFor an exami-
nation to possess validity it 1s necessary that thev
materials actuaelly included be of prime importance,

- that the questions sample widely among the essentials
over which complete mastery czn reasonably be expected

on the pert of the pupils, and that proof can be brought
forward that the test elements (questions) can be de-
fended by arguments based on more than personal opinion.”
The chief methods of velidation for this test were anal-
ysis of text books and courses of study, analysis of
similar examinations, and judgement of competent persons.

The content of the examination is such that it should
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have high validity.

Comparison of the scores made by students having a
high school course in physics with the scores nmade by
students not having such a course indicates that the
exanination does contain sufficient metter pertaining
to knowledge of physics to be selective. Consecguently,
one may expect that among students. who have had no ad-
vance preparation the higher scores will be made by |
individuals having a natural liking for things of a
physical nature. It is reasonable to assume that such
students will heve a better chance of survival than other
tvpes, and 1t should te a function of this type of test
to discover such students.

Reliability is a highly important criterion of a
good examination. Ruch (2) defines reliability as fol-
lows: "By reliability 1is meant the degree to which a
test or examination measures what it reslly does measure,
not necessarily what it purports to measure., Reliabllity
is synonymous with aécuracy of measurement. In mathe-
matical terms it is often identical with self-corrélation,
or the extent to which two samples of the samé thing, e.2.,
ebility in arithmetic, yield the same numerical scores.”

The reliability of the test and its various parts
as calculated by stundard statistical procedure 1s guite

satisfactory. The reliabilities are given in Teble 8.
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Table 8

nelisbility Coeflficients

Part T, T,

One 905 + .0x1 821
Two 949 + ,0ls 974
Three 896 + .09 . 946
Tour 892 + .0E4 . 944
Entire <906 + U044 .988

These coefficients were obtained by the chance-half
metnod of correlation. The 113 scored papers were

split into two hypothetical forms by sunming separately
the scores on the even-numbered and odd-numbered items.
Pearson product moment coefficients of correlation were
then obitained between these two forms. This gave the
reliability of one-half the test. The reliability of

the entire test waé then determined by substituting

n = 2 in the Spearman (Brown) prophecxf—formula, wnich is:

r = nr
* 1+ (n-1ljr

in which r is the coefficient of correlation between the
half forms.

The column in the above table headed ”r;" gives
the index of reliability. This is the coelficlent of

correlation between a set of obtained scores and their
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corresponding true scorzs, the true ccore of an individ-
uval being the aversge of a large number of measurenents
made of the given individual on the same or duplicate

rrecisely the saue conditions. fhe index

tests undsr
of relisbility is =also the maxiium value which the re-
ligbiliity coefricient ry can take. This follows from.
the statement by -elley (12, page %27, '....the high-
est possible correlation wiieh can be obtained xceﬁt
ai chance might occasionally léb to higher spurious
correlation) betwecen a test and a second uneasure is with
that wihich truly represents what the test actuelly mea-
sures, --that is, the correclation between the test and‘
true scores of incividuals in just such tests.” Helley
hes shovn (1%, pages 34-71; that the correlation between
a series of obtained soéres and thelr corresponding
"true! scores nay be found frowm the formula
e = Ty |

in which T is the reliablility coefficient obtained from
duplicate forms of the same test. OLluce the value of ryx
can never be greater than unity, it is seen that the
index of reliebility can never exceed unity. The values
of r obteined in this study are quite high.

Comparison of the gu.rtile range (%l.:5) with the
total runge (96) indicotes that the exaiination has

high selectivity which will enable high, redium, or low
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gectious to te Jeterrinsd frow the results of its ad-
ministrotion to a large group of sctudent.. This s
well 1ndiceted gre-ohleally by the avpended curve, Fig. L.
The validlty of These results for sectioning must be
determined from a study of thelir use for thst purpose.

The prelicinary investigation revealed a few uechan-

ical faults which could be and ere corrected before

he examinabtion was prepared in final form for aduin-
istration to college students. It was found thet the
arrangement of parts was not perhaps most advantageous
for administration to high school students, Part One
seems to have been the hardest and Pert Three the
gcsiest for high school pupils, and these perts perhaps
should have been interchanged for‘the best psycholog-
ical effect. In an atteript to discover the apparent”
cause of the difficulty of Part One for high school
students the writer discussed that vart with a number
of the students taling the exawmination. The general
opinion was that they had forgotten much of their al-
gebra, which most of them had completed approximatelf
three years previously. The explanation appears rather
lanme, hdwever, in view of the simple nature of the
mathematics involved in Part One. Inasmuch as the
students of the liissouri School of mines will have

completed a year of freshman mathematics before the
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examination is administered to them, it is thought
that Cor these students the originsl arrangement of
parts should prove satisfactory.

The time licits as set secemed to be cuite satis-
factory. In generel, the omissions were well scattered
throusghout the answers to the test items rather than
concentrated near the ends of the various parts. This
would indicate that the omissions were due chiefly to
ignorance of the answer rather than to lack of tiue.
Sixty-three of the students took the examination under
the direct supervision of the writer, who noticed few
evidences of insufficient or surplus time.

A summary of the statistical analysis of the high

school papers is given in Table 9 on the following

page.
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‘Table 9

Ltatistical Data on the Examinstion

‘Written by High School Students

N (Number Of CHASES) seeeosersccennass
Llaximum possible score .......;......
Minimum posSsible SCOTE ceveceecencone
Range .ceeeeeiceecasccconcsasvsscsnssas
ArithmeticC MeaAN .eeceeccssesosssasnes
liedian score besescecvssscesestnrasens
Upper quartile (cecececescencscencons
Lower quartile R R R T R
Quartile Ia8NZe scececescsscccvcscsese
quartile deviatlion .ceeeceescsscccves
Average deviabtion (e.ceciesscccscscns
Standard deviation (S.De) ceecececace
Probable error Of & SCOr€ ececeessescse
P. E’score+ S5.Ds eeevsessscoccccenans
Ty, coefficient of reliability ......

r,, index of reliablility eceececcecece

rx+S.D. T EEEEEERX E NI WA IR I AN SN AR BN

3] -

Papers

1153
126
0
118-17
61.85
57
76.3
45.1
31.2
15.6
21.8
24,03
4,578
0.18
0.966+ .0044
0.988

0.041



PART ITI

————

Hesults of administration to College Students

Introductory Statement

The examinstion was administered to high school
students merely to obtain material for a preliminary
study as outlined in Part II. With such a group the
test is probably an '"'aptitude'! examination to a
greater degree than with the college group. ¥With the
latter the examinaﬁion becomes more of the nature of a
training test, since the students have had greater op-
portunity to learn something of the material over whiéh
the testing 1s done. Since the examination 1s to be
used with college groups for prognostic purposeé, its
value as a prognostic test ¢an best be determined by
administering it to a group of college students and
studying the results.

Accordingly, after a few slight changes had been
made in the examination where need for them was pointed
out by the set of high school papers, an edition was
prepared for administration to college students. The
examination was administered in Séptember, 1930, to a
class of 130 second-year men students at the Liissouri
School of kilnes. Tﬁis group of papers served as &

basis for an exhaustive study of the test, results of
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which will be found on succeeding pages.

To secure a supplementary group of papers srrange-
ments were made with the departments of physics at Wash-
ington University, lissouri University, and Centrsl
College to give the examination to their basic physics
clascses at the first meeting of each class. The Wash-
ington University group of 213 students was approximately
two-thirds first-year engineers. The Nissouri Univer-
sity group consisted of 118 individuals, approximately
all of wihom were engineering students. The Central
College group of 49 students was comprised chiefly of
students of liberal arts, some of whom were women.

The final standing of each student at the end of
the term was obtained to determine the degree to which
the student's accomplishment might be predicted by his

placement -examination score.

Distribution of Scores

The scores obtained on the examination indica’e a
tremendous variation in the skills end abilities tested.
The total number of students taking.the test was 510.
The score frequencies for this group are given in
Table 10, That the examination adequately measures
differences of individuael performance is grsphically

shown by Fig. <.
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Table 10

Frequency Distribution of wcores
(Frequency column gives the number of students
whnose scores fell within corresponding score

groups in adjacent columm.)

Score group Freguency
3539 | 1
40-44 5
45-49 8
50-54 5
55-59 13
60-64 20
65-69 56
70-74 45
75-79 63
80-84 41
85-89 57
90-94 : 48
95-99 47

100-104 42

105-109 43

110-114 22

115-119 15

120-124 | 1
N = 510



interval

Numiber of scores /v score

/e
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Fig 2. Distribution of scores maae by 5/0 college 5hu =
dents on the exdmiinalion



Horms for the College Group

Norms are measures by which the results of a

test may be cowpared with the results of other tests.

The measning and use of the various norms are discussed

on page zl.

Teble 11 gives peréentile norms :nd neans

for the composite college group and for the groups

from the four different schools.

All papers in a given

group were used to determine the norms for that group.

Table 11

Percentile Norms and edians for College Groups

Comn=-
posite
N 510
liesan score 84.<8
Percentiles:
10 65.14
20 71.77
25 (@ ) 74.61
30 ’ 76.74
40 8l.22
Median 86.75
60 91.46
70 96.81
75 (Q,) 99.52
80 102.5
90 108,49

Iiissouri Missouri Wash.

Mines
130
81.87

65.0
68.25
70.0
72.0
75.94
79.05
85.29
88.88
91.36
94.09
101.66

U.
118
84,17

66.0
78.77
78,08
80.5
86.0
90.0
95,66
96.43
98155
100.55
105.71

~36-

U.
213
91.46

70.89
76.2
78.4
80.79
86.29
93.21
98,48
103.18
105.48
107,03

113.75

Central
College
49

72.91

41,25
85.0
58,83
63.23
70.0
75.0
78.0
85.0
87.5
89.i6
95.0



Variability ncrms for the college groups are given
in Table lz. All papers written by a given group were

used in calculating the norms for thet group.
Table 12
Variability Norms for College Groups

Norm All M.S.M. Ko. U. W. U. CiBntral
quartile deviation 12.45 10.68 10.23 13.54 14.08
Average deviation 13.04 11.87 13.24 14.07 14.91

Standard deviation 16.72 14.05 16.19 16.24 17.33
Ho. of papers 510 130 118 219 49

Reliability of the Examination

Table 13 gives reliability coefficients and indexes
of reliability for the examination and each of its four
parts as determined from the 130 papers written by stu-
dents at the Liissouri School of IMines. The meaning of-
these coefficients and the method of their calculation
are discussed on pages 25 to 28 in the account of the

preliminary investigation with high school students.
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Table 13

Reliability of the Examination

Part Ty T PErx  PEp,
One 822 .907 .019 L0103
Two .94 . 967 . 008 .004
Three 866 . 959 L01E . 007
Four 879 . 837 .01l3 .007

sntire .881 ’ .938 011 .0Q7

The probable errors in the last columns of the table
are the probable errors of the coefficients due to random
sempling of cases. They were determined from the formulae

PEr = 1l - T8

in which r is the coefficient and N is the number of
cases from which 1t wss determined. A @robable error
of, say, .0l for a coefficlent of .80 signifies that
the chanoéu are even that the value of the coefficient
lies between .79 and .81. It may'be inferred that as
the number of cases becomes larger the value of IEp
becomes smaller.

The probable error of an individual score may
be obtained by use of the formula

PE = .6745 SD YT T

score

in which D is the standard deviation of the measures

-38-



and r 1s the reliliabillity coelfficient of thé gxeini-
natlion. TFor the i'issouri cchool of Lines arcun tﬁe
PEgaore Was found to be 3$.37. Thais &y e interp.eted
as Tollows: The chances are Tifty out of a hundred
that an obtained score of, e, TC on the examination
renresents a trﬁe score of 00+&.87, or, expressed

in another way, Tifty per cent of the obtzined scores
ere in error (as compared with their true scores) by
not more than + &.87 points.

Comparisons of probeble errors for a single score
for different examinations will not give a comparison
of reliabilities unless the size of the scale unit for
each examination is the same. If the probsble error
is divided by the standard deviation, this factor is

equalized. This ratio, FLlscore, is & good compearative

S
lieasure of reliasbility. The smaller this ratio, the
nore efficient is the exsmination. The ratio PEscore
: Mean

is s2lso sometimes used to compare the reliabilities
of different tests, but is ususlly not so well re-
garded as the other. |

The reliability measures of the examination are
compared in Table 14 with similar measures for various-
other examinastions. The close agreement of the figures
indicates satisfactory reliability for the Missouri

School of Mines physics examination.
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Table 14

Hellability Data for Various Tests

Test 1 oD *x  PEscore FEscore/iD
.S .k Physics 130 16,7 .88 5.9 0.23
eoode. Drawing 120 5840 .21 ¢.41 .29
Iowa Phy. aApt. 100 19.0 .89 4.2 .28
lowa Phy. Tr. 100 24 .4 .8bH 6.4 26
Iowa Chem. apt. 100 17.5 .88 4.0 o 23
Iowa Chem. Tr. 100 28,0 .93 S.1 .18
Iowa Liath. Apt. 100 7.0 .86 1.7 o4
Towa Liath. Tr. 100 10.4 .88 Z.4 )

another method of indicating the reliability of the
different parts of an examination is the coefficient of
correlation between the parts of a test and the entire
test. Generally speasking, a part which shows low inter-
correlation with other parts but high correlation with
the whole test is desirable. Inter-part correlations
will usually not be relatively high“because the different

parts of a test usually contain different kinds of me-

terial. High inter-part correlation is likely to indi-~
cate that the two pérts represented by the coefficient.
measure the same trait, and the only advantage obtained
by using both parts is the greater reliability secured

from the increased length of the test.
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Interpart correlations are given in Tables 15a to
15e. The results given for Lilssouri University, Central
Coilege, and the Liissouri Echool of Il.ines were obtained
from the entire group of test papers from each school.
The data of Table 15a were obtained from a chance sample
of one hundred pepers chosen alphabetically from the
college groups, the number chosen from each being pro-
portional to the number of papers in the group. Alphé-
betical sampling was slso used to obtain one hundred
papers from the Washington University group to obtain

the data of Table 1l5c.

Table 1%a
Interpart Correlations, All Colleges

Part 1 Part 2 Part 3 Part 4 Total

Part 1 = —--- 319 379 563 637

Part 2 319 ———- .298 . 346 .825

Part 3 579 .298 ——- .516 713

Pert 4 563 . 546 516 — .852

Total 637 .825 715 .852 —
Table 15b

X 1
Interpsrt Correlations, Mo. School of Mines

Part 1 Part 2 Part 3 Part 4 Total

Part 1 822 200 . 387 .508 .609
Part 2 .205 .924 o543 591 .877

P



Table 15b, continued

Part 1 Part 2 © Part & - Part 4 Total

Part & . 087 . 043 .866 .00z 627
Part 4 . 008 . 591 002 .879 .875
Total 509 877 602 895 .881

- wa Sus MEn sev W R M A S G G e ML e S G G S S S G e G NS WA M G S D v A G M M G R Ame A e e A A e S

1Underlined figures are part relisbilities discussed
on page 48.
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Table 15c¢
Interpart Correlations, Missouri University

Part 1 Part 2 Part 3 Part 4  Total

Part 1 —-m- ,362 357 .5&2 697

Part 2 362 N .289 .554 .814

Part 3 .357 289 - .608 .720

Part 4  .522 .554 608 —eme 783

Total .697 .814 .720 - S
Table 154

Interpart Correlations; Washington University

Part 1 Part 2 Part 3 Part 4 Total

Part 1 -=—m .289 .417 555 642
Part 2 .289 - .459 .503 .853
Part 5 417 .459 —- .563 618
Part 4  .535 .503 e 875
Total .642 .853 .619 873 ——-
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Table 1l5e
Interpart Correlations, Central College

Part 1 Part 2 Part 3 Part 4 Total

Part 1 —--- .80% L532 .515 .623
Part 2 .802 —- .156 .587 .747
Part 3 L5332 .156 ——— .468 .627
Part 4 515 587  .468 —— .875
Total 623 747 627  .875 _—

Comparison of Results Obtained from College Group

having High School Physies and College Group

not Having High School Physics

It is to be expected that the student who has
successfully completed a course in physics in the
high school might obtain a higher score on the exami-
nation thean the student who has not completed such “
a course. This, perhaps, is the desirable thing; it
is reasonable to assume that the average student who
enters a course in college physics should be better
prepared to pursue the work if he has successfully
completed a high school course than if he has not had
such a course., If this hppothesis be valid, it may be
inferred that a placement examination designed for

sectioning purposes should be able to differentiate
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between the two classes of students.

The papers obtained from the various colleges
were studied to determine to what extent the exami-
nation might aifferentiate between the two olasseslof
students. Of the 510 students who took the exami-
nation, 49z indicated whether or not they had teken =
high school physics course. Of this number %62 had
completed the high school course, while 130 had not.

The frequency distribution of scores for the two
groups 1s given in Teble 16, Direct comparison of the
data given in the table i1s facilitated by Fig. 3, which
shows the per cent of each group having sgores‘within
given deciles of the range.

A study of Table 16 reveals an interesting situ-
ation. From the thirtieth up through the seventieth
declile it is noted that the larger per cents are found
in the group which did not have physiecs in high school.
Beginning with the eightieth decile and continuing
through the remainder of the table it is noted that the
larger per cents are found in the group which had phys-
ics in high school. If the decile intervals of the |
score range of the examination be considered approximate
meassures of the intelligence levels of the groups fall-
ing within the respective deciies, it hay be concludedv

that the general class of students electing high school
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physics is composed of students of superior mental ability.

Table 16
Frequency Distribution of Scores liade by
College Students Having Physics in High School and

College Students not Having Physics in High School

Score Number Per cent
Interval No H.o. Helo No H.:S. Heo
Physics Physics Physics Physics
30-39 1 0 .8 0
40-49 9 3 7.0 .8
.50~-59 15 3 11.5 .8
60-69 25 31 19.2 8.5
70-79 43 62 33.1 17,1
80-89 15 78. 11.5. 21.6
90-99 1s 75 10.0 20,7
100-109 6 76 4.6 21.0
110-119 3 33 2,3 9.1
1204126 0 1 o e3
Totals 130 362 99.9 99.9

Measures of variability and central tendency for
both groups are given in Table 17. I% must be remem-
bered in compering these measures that the group having

high school physiocs was about three times the size of
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the other. Measures Tor the entire group are also

given for purposes of comparison,.

Table 17
Ileasures of Central Tendency and Variability
for College Groups Having and not Having High School
Physics and for the Composite Group

lieasure Group having Group not having Composite

H.S. physics H.L. physics group

Mesn 90,14 74,15 84.28
ledian 90.52 73.26 86.75
2 78 .87 6%.88 74 .61
S, 102.57 85.423 5.52
A.D. 12.68 12.53 13.04
5.0, 15.83 16.45 16.72
PEscore’ 3.53 | 3.82 3.87
/S.D. .23 .23 .23

1PEscore = 6745 £.D, /1 - r , where r is the rellaf
bility coefficient. The reliability coefficient used
is that obtained from the entire group of Missouri

School of Lines papers.

T e A G . . G — . A o - - — - . G A e W A G . e e S . S YT M o B I A WS AR -t N A S P R e A o,

ihe group of papers written by Missouri School of
Mines students was studied to determine the effect of

a high school physics course on the number of correct
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allSWers éppearing for each item. It wes found that

on the majority of the items of the test the per cent
of correct answers given by the group having physics

in high school was larger than the per cent of correct
ansvers given by the group not having high school nhys-
ics. There was little difference apparent for Part ”
Three of the test; the greatest differences appeared

on Parts Two and Four. These differences were expected,
in view of the nature of the material contained in these
parts. . counplete tabulation of these data is rather
lengthy to indlude here; it i: given at the close of the
paper in Apvendix A.

It now becomes necessary to test the hypothesis
that completion of a high school course in vhysics con-
tributes to the ctudent's ability to proceed with col—'
lege physics. |

It is evident that the results obtained from the
exanination indicate differences between students who
have etudied physics in high school and those who have
not. 4 study of the final grade distributions for the
two groups reveals only slight differences in the per
cent of each group recelving the same letter grades.

4 study of failures and withdrawals likewise Indicates
few differences. Sixty-five of the test group were

reported as failures end forty-five as withdrawals.
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0f the faillures, forty-five had studied physics in
high school while twenty had not. Of the withdrawals,
.tventy-seven had studied physics in high school; eight-
een nad not. The ratios between these numbers are
rouglily the sauie as tliat between the total numbers of
the two groups.

From these considerations it might seem that com-
pletion of high school physics has little to do with
subsequent success in college physics., The apparent
value of the high school physics course will be ap-
proached from another point of view presented in tﬁe

next section.
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PART IV

quality of Preliminary Training as Shown

by the Results of the Examination

Analysis of the examination papers throws con-
siderable light upon the quality of preparation wifh
which the student enters upon his course in college
physics. Qareful analysis was made Tor this purpose
of the 130 papers written by Missouri School of liines
Students. This group of students is representative
of varied types of high schools, consisting as it does
of students from both rural and urban communities
scattered among manj différent states. Of the 130
students comprising the group, 96 had completed a
course in physics in the high school, and the entire
group presumably had completed a course in trigonom-
etry during the freshman year in college.

Table 18 gives the number of correct and incor-
rect answers and the number of times omitted for some
selected questions from Parts One and Four of the
examination. The results from the two groups of stu-
dents, those having high school physies and those noﬁ
having high schocl physics, are tabulated separately
for purposes of comparison. These are typical ques-

tions dealing with fundamental physical laws, concepts,
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and processes, and are thouzht to be Tepresentative

of tne entire examination.

Table 18
vtudent .ccomplishment upon Selected Items
from the Examination

High sclicol Physics No High school Physics

Item No. Ko. TNo. % No. No. No. %
right wrong omit- right right wrong omit- right
ted , ted
Part One
1 60 27 S 63 17 11 6 50
¥ “9 41 186 41 11 17 6 32
% 3 7L 83 3 1 27 5 neg.
4 17 21 &8 18 7 10 17 21
5 33 20 43 34 13 11 10 38
6 87 5 . 4 91 31 2 1 91
Part Four
1 54 42 0 58 14 17 3 41
2 31 33 32 32 8 12 14 24
3 58 28 0 60 23 3 8 67
4 29 65 2 30 8 21 5 24
5. 39 41 16 41 9 9 16 26
8 36 60 ) 37 10 20 4 29

The test items referred to in the first column

of the above table are given in full below.
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Item 1.
2.

.

Table 18a

Test Items Referred to in Table 18

Part One
5 = 1/2 at¢*. GLolve for t.
1/zmv® = mgh. oimplify and solve for v.
Express in symbols: m is proportional to the
cube of b.
Solve (to one decimal place): 130 uz@%;%g
What is the mean of 1, 4, 0, 5, 5%
Express in symbols: P1 is to P, as V, is to V,.

Part Four

(hultiple answers from which the best is to be chosen)

1.

A common unit of mass is the (1) liter, (2)
cubic foot, (%) centimeter, (4) gram, (5) erg.
The quantity commonly indicated by 'g' is (1)
acceleration of gravity, (2) gas constant,

(2) ionizsation constant of gases, (4) universal
gravitational constant, (5) temperéture gradient.
The ampere is the unit used for expressing (1)
resistance, (2) electric current, (3) electricsl
conductance, (4) electromotive force; (5, poten~
tial gradient.

The time rate of change of position of a body
is known as (1) force, (2) accelerztion, (3)

speed, {4) rotation, (5) displacement.
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Teble 18a, continued

9. The qurantity of heat liberated by unit wmess of
witer upon freezing is called (l) specific heat,
(¢} mechznical eqguivalent of heat, (3) latent
lieat of Tusion, (4) rediant heat, (5) latent
lieat of wvaporization.

v. The velocity of a body may be expressed in (1)
foot pounds, («) dynes, (3) grams per second,
(4) ziiles vper hour, (5) feet per second per

second.

Little comment need be made on the figures given

above; they speak plainly for themselves. The differ-

ences between the accomplishment of the two groups--

those having physics in high school asnd those not hav-

ing physics in high school--are not very great. One

nust conclude that the high school training in physics

must be of little value as a foundation for college

rhiysics. However, it was pointed out earlier in the

reprort ( page 44 ) that in the lower deciles of the

score range there was a greater per cent of studcnts who

had not taken physics in high school, while in the higher

deciles there was a greater per cent of students who had

taken physies in high school. This may indicate that

the upper stratum of students do profit from their high
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school physics course, or it may indicate as stated
avove thiat t.ose sfudents electing high school physics
in general frll in the upper intelligence level grougrs.
Obviously, if a student enters upon his college
physics course unable to find the mmean of a set of
simple observations, or to do the simple multiplica-
tions and divisions needed for the solution of a prbb-
lew based upon the general gas equation, or to expresé
symbolically a simple proportionality, he must of ne-
cessity spend & great part of his time in acquiring
mechanical skills and processes, leaving him less time
for the acquisition of generasl information. What can
the student who dees not recognize the simple defini-
tion of speed or a common unit of velocity be expected
to know of the physics of motion¥ What does the stu-
dent know of the physics of heat who does not know tﬁe
meaning of the latent heat of fusionf Can the student's
knowledge of electricity be very extensive if he does
net recognize the vractical unit of current? It would
seem from the results of the examinaetion that the teach-
er of college physics may not assume much initiasl know-
ledge of physics on the part of most of his students.
This agrees with the conclusion reached by Hammond and
Stodderd (10) in their study of the Iowa Exeminations:

that the college teacher of physics
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cannot assume any beginning knowledge on the psrt of
most of his class. -—=—meeea this is the actual case
in most institutions, and the teaching of physics to
engineering students is sdjusted accordingly.”

~ general ldea of the extent of the preliminary
training of a group may be obtained by noting the
character of the enswers to the various test items.
The response to each item was tabulated for the
lissouri School of Kines group of 130 students. It
was found that the results of the twelve selected
items discussed above were fairly representative of
the entire examination, except for Peart Three. This
part reguires no previous preparation except th
ability to read fairly difficult text materiel. The
summary glving the right, wrong, end omitted responses
is given in Appendix C, as it is deemed rather long

for inclusion here.
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PART

P

v

Use of the Examination for Prognosis

Predictive Power of the Exawmination

The chief purpose for which the exemination is
designed is to predict the quality of future scholao-
tic performance and afford the instructor a basis for
sectlioning his classes. In order to accomplish this
purpose the exacination must differentiate sharply
vbetween students and yield scores over a considerable
range. That it does this has been previously shown
(pages 33-35). To be useful for prognosis the dif-
ferences between students detected by the examination
must be closely assocliated with the differences in
subsequent accomplishment.

The simplest mechanical procedure for predicting
is to arrange the test scores in sequence and divide
them into thirds or quarters, as preferred. A better
method, perhaps, is to plot the scores in descending
order and make arbitrary divisions where distinct
breaks occur in the curve. Fige. 4 gilves such a graph-
ical representation of the scores made on the exami-
nation by 130 students at the Missouri School of liines
and indicates how the curve may be used to divide the

group into three sections. If the examination has
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any predictive worth, it is to be expected that the
upper group thus determined will contain those indi-
viduals who are likely t o lead the class in success

in the subject, while the lower thira or fourth should
contain those students who will encounter difficulty
and are most likely to fail in the course. The valid-
ity of this method of sectioning on the results of

the placement examination is well shown in Table 19,
which gives the first semester grades nmade by stu-
dents falling in various quarters of the group accord-
ing to placement examination scores. The tabulation
represents 416 students distributed among the four

cooperating colleges.,

Table 19
Distribution of Grades in Bhysics Made by
Students Falling in Quarters of the Class
as Determined by Placement Examination

(A1l figures give per cents)

guarter of Semester grades Pass Non-pass
class ‘in in physics % S
placement

scores - E,s (4,B) M,I (C,D)

1 (high) 41.7 52.2 93.9 6.1
2 —————— 18o5 75.6 95.9 6.1

3 ---Q—- 20.0 60.0 80.0 . 20.0
4 (low) 6.1 66.1 72 .4 27.8
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The above table incicates noticeable scholastic su-
periovity of tie upper quarter, scholastic inferiority |
of the low quarter, and medium.accomplishmeht of the
middle quarter., This is about the distribution which is
usuelly desired or expected in the various secticns of
a given class of any size. A4 similar tabulation for

each school is given in Teble 20,

Table 20
Distribution of Grades liade by Students Falling
in guarters of the Class

(A1l figures give per cents)

guarter of Semester grades Pass Non-pass
cless in in physics

placement

scores B,5 (4,B) L,I (C,D)

Missouri School of lMines

1 47 53 100 0
b 23 73 96 4
é 14 76 Q0 10
4 3 77 _ 80 20
Missouri University
1 58 42 100 0
2 11 89 100 0
% 26 63 89 11
4 0 8l 8L 19
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Table 20, continued

wuarter of venester grades Pass Non~-pass
class in in physics _
placement

scores B, (4,B) M,I (C,D)

Washington University

1 sl 63 94 6
s a1 o1 82 18
S 25 52 75 25
4 10 67 77 23

Central College

1 20 80 100 0
2 10 74 84 16
3 10 55 65 35
4 0 55 55 45

Lach section of the above table is quite similar
to the table representing the composite group in that
it points out the different abilities of the various
quarters. The set of papers from Washington University
affords an interesting asdditional study, inasmuch as
it represents three groups of students. Two groups of
approximately fifty students each are comprised of liber-
al arts and premedical students respectively. The tlird
group, containing approximetely one hundred individuals,
ls made up éf engineering students. Table 21 shows the

grade distribution for these three groups.
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Table 21

Distribution of Washington University Grades

guarter of ~emester grades Pass Non-pass
class in in physics

placerient A,B C,D 7o o
scores S0 7z

Liberal arts group

1 61 39 100 0
& 29 71 100 0
3 15 77 92 8
4 21 64 85 15
Premedical group
1 20 80 100 0
2 40 50 g0 10
3 30 ,60 90 10
4‘ o] 54 54 46
Engineering group
1 29 63 92 8
2 24 64 88 12
3 24 48 72 28
4 4 42 46 54

The engineering group differs somewhat from the
other two in the grade distribution. The failures are
more numerous and are not so well concentrated in the
lower quarters as they are in the kibéral arts and
Premedical groups. The reasons for this are not appar-

ent. The writer is not sufficiently well acquainted
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with the three courses tallen by these groups to esti~
rate any »srobatle e Tect due to the content or preseﬁ-
tation of the courses. The course taken by the engi-
neers ccntains more material =und leads to more credit
than the courses taken by the other students.

another cuusion way to determine the accuracy of
"prediction is to use the Pearson.coefficient of cor-
relation betveen two measures, the two in this case
being the placeuient examination scores and the ternm
grades. The higher the coefricient, the closer is the
agreement bLetveen the tro correlated measures. 4 co-
erfficient of l.O'represents perfect agreement, 0 Tre-
presents just no agreement, and -1.0 represents com~
plete divergence or disagreenent between the two sets
of ieasures. Table <2 gives the values of this co-
eficient for each of the fcur groups of papers ob-
tainec¢ Tor this study. It will be noted that two val-
ues are given for the lLilssouri Lchool of i.ines grcun.
The first is the correlation coefficient between the
placement examninsticn scores and the semester grades
given as per cents, while the second is the coefficient
between the placewent soores and the semester grades
expressed in the conventioncl letter system used by

the school lor expressing final gradecs. The coeffi-
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cient for tlie Jentral Jollege srour nakes use of ~ep

cent grades. Thsz ctlers are based on letter grades.

Table &2
reszrson Coefficients of Correlation betveen

Placement Wx=idustion Scores -nd Grades

Group Cases T
I'issouri cchool of liines 117 80
wissouri School of lines 117 <O
liissouri University 101 . 584
washington Unilvercity 148 665
Central College ' 44 L0632

In interpreting such coefficients =zs thiose in the
above table 1t nmust be remembered that tlie value of
the coefficient wust te dewendent upon what is to be
lpredicted. If the examination were to predict actusl
rank of students in the class, as, for example, to say
that & certain individual should be third or seventh
or twentieth in a class, a coefficient of .5 perhaps
is not significant. However, 1f the thing to be pre-
dicted is merely in what letter group a certain indi;
vidual will fall, a coefficient of .5 1is quite satisé
factory ana indicates that the.placement examination’
may be used with considersable aceuracy in predicting

scholastic achievement. (10, page 703)
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Regression Equations for Prediction

Regression equations nay be utilized in prédicting
an individual's most probable standing in a group of
measures from his standing in another set of measures.
4 regresslon eguation is the equation of a line express-
ing the dependence of one variable upon another. If
the variables ve designated as x and y, the equations of
the regression lines m=y be expressed as |

vy=r % x enmax=1 %% vy
Ox oy

where r is the Pearson coefficient of correlation be-
tween the two measures and o, and c& are the standard
deviations of the two sets of measures. The above
equations are expressed in deviation form.. They are
often more conveniently wsed when sxpressed in score
form, The score form may readily be obtained from the

deviation form by standard procedure. Thus expressed,

the equations are

Y - Yt =1 .g£“ (X -%X'YorY=r_%% (x-x)+7
. d e N

x oy
and
X-X'=1r % (¥Y-Y)orX=r_F% (Y-71')+X1
. Ox y oy :

where X' and Y' are the means of the two distributions

and X and Y are any individual x- and y- scores.
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To set up a regression ecuation for prediction in
this study, the placement examination results from a
group of 118 Liissouri School of liines students were
used as the x-variable and the corresponding semester.
grades as the y-varisile. Leans znd signes for the
two sets of date were calcul:ted to be

L' = 85.67, Y' = 76,31, @&, = 12,75, d& = 9.33.
The correlation coefficient between the two was found
to be 0.569., Substitution of these valﬁés in the ¥

regression equation stated above gives
Y = 76,31 = 569 =~ccew= (X - 85.67)

which upon simplification gives
Y = .4164X + 40.64.

This equation may be used to "predict" the most
probable score, or term grade, of any individual whose
score on the placement examination is known. By plot-
ting the line which this equation represents upon a |
system of coordinate axes in which abstissae represent
pPlacement examination scores z:nd ordinates represent
term grades, the prediction of grades becomes merely
a mechanical process of reading values from the graph.
This procedure is illustrated by Fig, 5.

The above determined regression equaticn was used

to predict term grades for each placement examination
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score representea in the sets of papers written at
kiscouri University, Washington University, and Cen-
tral College. These predicted grades were then com-
parec with the earned grades by computing the corre-
lation coefficients between the two sets of marks.

he resgults are given in Table 23.

Table 29
Correlation between Predicted Grades and

Larned Greades

Institution No. of cases r
liissouril University 108 686 + 038
Washington University?* 148 .307 + .090
Central Ccllege 43 .548 + .071
Washington University® 95 531 + 049

1Includes all studecnts.
2Includes liberal arts and premedical students but not
the engineering students.

The predicted grades were referred to above as
"most probable". The probable error of these predicted

grades can be shown by calculating the standard error of

estimate, whiich may be expressed as

s2
(est.} = G&\f‘fﬁ:ﬁf{‘

where o is the standard deviation of the y-distri-
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bution and r is the coefficient of correlation between
X and y. osubstituting the numerical values for Oy and

r gives

Tlest.) = 9.33 T = .569° = +6.12

The significance of this staudard error of estimate will
now be discussed. by the use of the regression equation
a térm grade of 8z can be rredicted for =«n individual
whose placement exanination score is 100. It may now
be zsaid that the mocst probable term grade for this in-
dividual 1s 8< 1th a O(gy4,)0f + 6.1, and that the
chances are 68 to 100 that the actual term grade for
the individual will fall between the limits of 76 and 88.
The predicted grude corresponging to a score of 60 on
the placement exai.ination is 65. Then the chances are
68 in 100 that the individual scoring 60 will have a
term grade between the limits of 59 and V1.

In.general, the value of prediction will depend
upon the size of the error of estimate, the fineness
of the units of measurement, and the purposes for which
the prediction is made. The prediction for which this
examination is devised need nct be exact -- 1t needs
only to locate an individuasl in a given quarter or
third of his class. In view of this fact, consider-
ation of the foregoing discussion indicates that the
examination can be used fér prediction with a fair de-

gree of success.
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In the esrly pages of this revort mehtion was
made of the fact that the students entering the plhysics
classes at the Lissouri tchool of iines have completed
one year of college ork. This makes avaiiable gr-de
averages for use in helping to section a elass. oueh
use can best be effected by building a resression egua-
tion involving three veriatles whereby a student's rost

probable term grade can be predicted from his placement

exerinaticn score and his first year schclastic average.

i Tegression equation of this sort can be develcoped by
tlie techrique of partial correlation. The development
of such an eguation is discussed briefly in summarized
form below. The methods used in chtaining the partial
and multiple correlations are those discussed in ote~

tistics in Psychology and Education by Garret (4).

Lubscript notation is used to refer to the variables,
1 being term grades, 2 the grade average, and o the

—

nlacenient score.

vtep I.
(1) Term grades. (2) Grade Averages. (3) Placement
_ ' sScoras.
M1 = 77,35 hig = l.'16 I\;s = BQ.d
G"_ = 9064 da = 075 o’a = 15.05
I‘,_g = .73 I,: = 057 I‘,; = .49
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Step Il. Calculation of partisl coefficients of corre-

lation.

Tiaeg = : = .628.

I‘lz'z T T e T e e e = 0558~

otep I1I. The regression equations.
X:‘_ = ‘b"g 3 Xa + b13.3 XZ (DGVlatiOﬂ fOI‘IIl),

oy .Xl = ‘b_-!_z .3 Xg + b13.2 Kz (bCOI'e fOI‘m).

in which bs.z's = Pygeg ==—=== and b13'2 = Tygep ===——=

Step IVe Calculation of sigmas.
0y bl - T2 Vl - 1‘533.2 = 6,13
Oz 13 = 0% -\/1 - r228 _\/l - r212 ez = 493,

Ozeaz = 05 V1 - r*,5 V1 -rz,;.,

Tsezs

1l

1z.2.

[

Ztep V. Regression coefficients and the regression
equation.

Substituting fOr Tipezs Taszezs Taezzs Ozesss NG Tzesy

gives

quoa = '7.81 . aIld b13'2 = 01790
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Tnis gives the eguations
Ry = 7.81x, +,.179x5 (Deviatiou form)

cnd ag = 7.8li, + J1VQL, + £3.58 (Lcore form).

otep VI. Calculation of the standard error of estinate.
G(est. Xl) = 61.33 = _‘_‘: 6.12)

PE(GS'E- Xq) = 074D Thay = 4 4‘\-13

wtep VII. The coefficient of hultiple correlation.

Hlo\zz = - -~
g*,

The regression equation is expressed above in

two forus--the deviation form and the score form.

The latter is the more convenient of the t.o in that
raw scores may be used, thereby avoilding the tedious
arithretical calculations necessary before the devi-
ation form can be arplied. DBy means of this equatién,
having at hand a student's grade point average (X.)
-and his placement exauination score (Xz), one can
calculate the most probable grade which the indivi-
dual is likely %o obtain in college physics. Two |
examples will niake the use of the equaticn clear.
Suppose a student has a grade point average of 2,00
and makes a score of 100 on the placement examination.

Substitution of X; = 2.00 and X, = 100 in the regress-
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ion equation gives

Ky = 7.81 % 2.00 + .179 x 100 + 5&.58 = 87.1.
Therefore, using the given criteria as the basis of
estimate, the most probable grade this individual is
likely to receive 1s 87.1. Again, suppose a stu-
dent has a grade point average of 1.00 and a score
of 75 on the placement examination. Substituting
and <olving as btelfore, this stucent's most probable
term grade is found to be 74.81,

The grades predicted above are referred to as
most probable. ‘Their reliability may be expressed
by the standard error of estinate or the pfobable
error Qf estimate given in Ltep VI of the summary
above. The predicted term grade of 87.1 has a prob-
able error of estimate of 4.13. This means that thé
chances are even that this student's grade will not
be lower than 82.97 or higher than 91.23. The relia-
bility of any other grade estimate may be found in
the same nanner,

The coefficient of multiple correlation, Ri(ss),
is numerically the coefficient of correlation be-
tween the set of measures actually made of a variahle
trait and the set of measures of this varisble pfe-
dicted by ueans of the regression eguation. Mathe;

matically, R,(gz) is the correlation between the de-
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pendent veriable (1) and the two independent variables
(2) and (8) taken together. R as obtained sbove in
Step VII is 772, This means that if fthe most prob-
able term grades were predicted by the regression |
eguation for, say, 1two hundred students, the corre-
lation between these two hundred predicted grades aﬁd
the two hundred grades actually made by these students
will be .772. This, then, is a measure of how closely
term grades in physics are related to grade point aver-~
azes and placement exauiinaticn scores taken togetler.
Inasmuch as grade point averages were not avail-
able for the students in the cooperating schools, it.
was imvossible to predict grades by means of this re-
gression ecuation involving two independent variableé

and determi..e the actual correlation between such pre-

dictel grades and earned grades.
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PLIRT VI

st .

Comparison of the Examinetion with the

lowa Physics Aptitude Mxsmination

The Iowa Physics Aptitude Examination was sdmini-
stered to the lissouri School of Mines group of stu-
dents 1n order thest the results obtained from the L8
examination might be compared directly with those ob-
tained from a standardized exemination. A comparison
of the results is given below.

The scale unit of the two examinations is differ-
ent, The range for the JIowa exawination is 0-175; ”
that of the MSM examination is 0-126. In ordér that
the two sets of data might be ﬁofe directly comyperable,
the scores on the lowa examination were expressed in
terms of the scale of the LiShi examination; This was
done by dividing each Iowa score by the ratio between
the two perfect scores, 175/126.

The scores obtained on the Iowa examination were
relatively higher, as shown by Table &4 and Fig. 6.
Both distributions are skewed, but in opposite direc-~
tions. The form of the two curves in.Fig. 6 indicatés
that the MSM examination should be more selective in
the upper part of the range, while the Iowa examination

perhaps should be the more selectige in the lower part
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cf the range. Conseguently, the former shiould be of

the greater value in forwming a section of superior men.

Table 24
Distribution of Scores liade on Iowa Physics
aptitude snd Lok rhysics Placeuwent Exaninations

by 116 Lissouri School of Iiines Students

ocore interval Frequency of scores
Iowa examn. Lokl exem.
50~59 1 5
60-69 3 23
70~79 19 29
80~-89 22 24
90-99 } 25 18
100-109 38 12
llO;llQ 13 5
120;186 1 0

- e G S R A S R GRA M. D MRS D A e ML ST e AED VDS SSh GEh ML W G D Gmm G SOA G N A} ANL IS G SR AN 4w Ghn G She i A G P e =

leasures of central tendency and variability ere
given for the two sets of measures in Table 25. Central
tendency measures for the Iowa examinatioﬁ are much
the larger, as ﬁould be expected from Fig. 6, while

little difference can be noted in the variabiility

nmeasures.
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Table 25

Liegsures of Central Tendency and Variability

for the Sets of Scores in Table 241

lleasure Iowa exam. LSl exam.
Liean 98.95 8l.2
Ledian 95.20 79105
Q1 82.73 70,0
Gg 105.31 91.38
Quartile deviation 11.29 10.68
Avergge deviation 11.79 11.87
Standard deviation 14,18 14.05
Escore 3.19 .87
PEscore + S.D. 22 .23
Correlation with

term grades .09 . D7

G, v G ™ — . . o . . G G S = G W . L . S . St S . S S G P o ——h " —— . Mh G S = -

Comparison of the eoéfficientsléf‘éorreiétioh‘
between the placement examination scores and the term
grades favors the Iowa examination slightly. On the
other hand, Table 26, showing the distribution of term
grades falling in querters of the class as determined by

the placement examination scores indicates a slight
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advantage of the il exemination for prediction.

Teble 26
Distribution of Grades liade by Students Falling
in Fiven Quarters of the Class as Determined by
the Towa Examination and by the IEl. Ixasmination

(A1l figures express per cents)

Luarter Towa HExamination MLl Examination
of class =% Lk-I Pass lon- E~-5 -1 Pess lon-
pass ass
1 hizh 48 52 100 0 47 575] 100 0
2 ———- 21 79 1006 0 23 73 96 4
S ———= 14 58 72 28 14 76 20 10
4 low 7 86 93 7 3 77 80 20
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SUMLARY AN CONCLUSIUNS

A survey of attenmpts at prognosis by means of
placement exanminations revealed that wuch work had
been done with varying success. ouch examinations
were Tound to be better for predliction of college
success thian were eilther attainment in a cpecific
subjiect or high schiool marks. It was revealed that
intelligence examinations are superior to subject-
matter examinations for precdiction of general academic
success but inferior for prediction of attainment in
specific subjects.

The Towa oeries of Placement Examinations
appeared to Le among the most highly successful of
such ezeminetions for the prediction of succecs in
specific subjects,

The function of the placeument examination and its
need in the physice classes ot the Missouri school
of liines were pointed out.

Ain objective subject-matter examination in phys-
ice was constructed and administered to more than five
hundred students distributed among several schools.
The resulté were carefully studied. From this study
the following bonclusioné are drawn:

1. A range of scores 1is obtained which is
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sufficiently brosd to make the examination
selective. It facilitates daivision of a
large class into sections of differing

abiiities.

The reliability and validity of the examinsa-
tion are quite satisfactory. The reliabil-
ity compares favorably with the reliabilities

of the wvarious Iowa Examinations.

The correlation of the scorcs wade on tle
exanination v ith subseguent achleveient in
physics comrares Tavorsbly 1th such corre-

lations for sirdilar exe iiatisns.

The exsilnation is =zt least ecual 1o ter-

I_J

Tormance with otver 2-ovdrotioms availoble

for tiie purpose for which it was designed.
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APPENDIL 4

In this aprpendix are included tuo tables wirich

were aeemed toc long for inclusion in the text.

Table 27
Correct ianswers Gilven for Bach Test 1tem by
™io Groups of liissouri tchool of llines Ltudents

(cee text above, page 483)

Test Test No. Of correct Per cent of correct
part 1tem answers answers
o H.5. Helw No H.5. TS

physics physics physics physics

One 1 30 88 Z.2 91.5
P 27 81 79.4 84.2
3 7 60 50.0 62.4
4 25 85 73.5 88.4
5 19 60 55.9 62 .4
6 1 S neg. De8
7 11 G2 8.8 42.8
8 25 77 73.5 80.0

-9 31 87 9l.a 80.8
10 16 48 47,1 50.0
11 13 43 3842 44 .7
12 26 79 76 .4 82,2
13 26 72 76 .4 74.9
14 3 85 94,1 98.8
15 27 76 79.4 79.0
16 24 74 70.6 76.9
17 5} 10 17,7 1C.4
18 13 33 38.1 34.2
19 6 10 17.7 10.4
20 14 55 41.2 57.2
21 20 51 58.8 53.1
22 28 87 82.3 69.7
23 21 862 61.7 64.5
24 12 39 35.3 40,6
25 25 73 73.5 85.9
26 13 47 38.2 48.9
27 12 46 35.3 47 .8
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Table 27, continued

Test Test No. of correct per cent of correct
part 1tem answers answers
No .o, ideS. No H.S. H.S.

physics physics physices physics

One 28 24 71 70.6 7%.8
29 14 56 41,2 58.2
30 28 75 82.3 78.2

Two 1 23 83 67.5 86.4

2 32 91 94.0 94.7
3 21 81 61.7 84.3
4 23 79 87.5 82.1
5 30 85 88.2 98.8
6 21 78 61.7 81.2
7. 15 38 44.1 39.5
8 6 56 17.6 58,3
9 29 90 85,2 Z.8
10 19 77 55.8 79.9
11 17 60 50.0 B2.4
12 8 24 17.6 35,3
13 17 87 50,0 6S.7
14 6 69 . 17.6 71,7
15 17 69 50.0 71.7
16 2 13 5. 13.5
17 7 62 1.5 64.5
18 & 30 S 17.8 2l.8
19 21 76 61.6 79.1
20 5 46 14.7 47 .8
21 20 86 58.8 89.5
22 8 49 23.4 51.0
P 31 91 91.4 94,7
24 0 9 0 9.4
25 5 20 14.7 20.8
26 29 a8 85.2 91.5
27 48 74 64,5 77.2
28 4 26 11.7 27.1
29 28 88 82.2 g1.5
30 15 69 44,1 71.7
31 7 52 20,5 54,1
33 12 42 35,2 43,7
33 9 66 26.4 68.6
34 19 66 55,8  68.86
Three 1 23 85 67,8 88.4
2 34 9% 100.0 $6.7
3 31 89 91.2 92.6
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Table 27, continued

Test Test No. of correcs Per cent of correct
part item answers answers
No .o, He, Wo H.S. .S

physics physics physices physics

Three 4 32 94 g94.1 87.7
5 29 68 85.2 70.6
6 27 75 79.3 78.1
7 28 84 Be.a 87.3
8 31 88 9l.2 91.5
9 18 65 44.1 67.6
10 29 94 8%.2 7.7
S & 30 82 88.2 85.1
12 &3 78 67.8 81.2
13 34 26 100.0 100,0
14 31 87 91.2 90.6
15 32 87 94.1 90.6
16 34 96 100.0 100.0
17 a7 82 79.3 85.1
18 9& a7 97.0 95.6
19 26 oz ’ 76.9 9L.6
20 5& 84 94.1 87.2
&l 9 88 8.2 ¢1.G
S ol 87 94,1 ¢0.6
&G <l o gl.u 8%.5
wd Y S 33.4 5.0
&0 "o ¢l 88.x 4.7
=0 ol ge 91l .4 89.5
&7 37 8% 7¢.5 85.1
2 &7 84 79.3 ~  87.%
&9 =6 89 76.3 95.6
S 19 59 55.8 6l.4
3 29 80 g85.2 8.2

b &5 o4 75.4 87.%

Four 1 &3 87 67.6 90,8
5 14 o4 4l.4 50,2
3 10 79 29.4 82.1
4 19 69 55.8 71,7
5 23 34 67,3 87.3
6 C < 0 3.l
7 7 31 20.5 S5 .2
8 22 81 64.6 84.38
9 10 38 29 .4 37.4

10 2 68 64.5 70.6
11 23 77 67.6 79.9
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Table &7, continued

Test Test ilo, of correct Per cent of correct
part item answers answers
No H.o. el No .5, Heb

physics ©physics physics physics

Four 1z 13 o4 S8.4 35.4
13 23 58 67 .6 60,2
14 9 41 26.4 42.7
15 8 29 23.4 30.1
16 28 79 64,6 8z.1 .
17 Ra 74 . 64.6 77.2
18 3 10 _ 8.8 10.4
lg 6 855 17.6 57.3
20 14 65 41.2 57 .95
2L 8 - B7 -83.4 59.5
28 16 78 47 .1 75.2
5] 4 20 11,7 20.9
24 13 58 38 .2 60.3
25 10 38 29.4 39.5
26 5 28 14.6 29.4
w7 11 e PG 2a.9
28 5 LT 14.6 46,9
%9 8 43 2.8 44 .8
&0 1 4 2e .9 4.,z

Table 8

Right, wrong, and Oumitbted answers arpearing
in a Croup of 130 Parvers VWiritten by
hMissouri -chool of liines w<tudents

(Lee page 55)

Part Item Right =~ lrong Omitted
One 1 118 11 1
2 108 1¢ 5
& 77 &8 18
4 110 14 6
5 79 35 15

6 4 - 98 28 |
7 50 58 22
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Teble 28, continued

Part Item Right Wrong Omitted
One 8 102 19 9
' ¢ 118 7 5
10 64 47 1¢
11 56 67 ‘ 7
1z 105 23 P
13 98 30 &
14 127 3 0
15 103 22 5
16 98 9 23
17 24 31 75
i8 46 31 53
19 16 74 40
20 69 8 53
=1 71 29 a0
22 73 19 38
23 83 17 30
24 51 46 33
25 98 19 13
26 60 41 29
&7 58 50 22
=8 95 7 28
=29 70 18 42
30 103 S &5
o 1 106 7 17
2 123 2 5
S 102 18 10
4 10z 8 20
5 185 Q 5
6 99 16 15
7 53 30 47
8 62 9 59
Q 119 3 8
10 96 6 28
11 77 19 o4
12 40 33 57
13 84 25 sl
14 75 83 3&
15 86 2 43
16 15 10 105
17 69 22 - 39
18 36 29 65 -
19 o7 15 18
20 51 29 50
21 106 8 16
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Table 28, continued

Part ltem Right Wrong Oniitted
Two 22 57 17 56
23 lzz 1 7
24 9 1z 109
25 25 28 83
26 117 8 5
27 a6 6 28
28 30 15 85
&9 116 g 5
30 84 25 21
31 59 21 50
32 54 10 66
33 35 7 48
34 8% 0 45
Three 1 108 9 13
2 17 2 1
3 120 7 3
4 126 2 2
5 97 31 2
6 102 19 9
7 112 10 8
8 119 9 z
9 80 32 18
10 142 o 7
11 11z 18 ¢]
12 101 1z 17
1o 140 0 0
14 118 1z 9
15 119 11 J
16 130 0 a
17 109 12 9
18 125 5° Q
19 118 o 5
20 116 12 &
21 117 13 0
a8 119 10 1
23 117 10 3
24 181 P 7
85 131 3 6
26 117 5 8
27 109 11 10
28 111 5 14
29 115 4 11
30 78 o1 2l
3l 109 4 17
32 104 11 15
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Table 28, continued

Part Iten Right Wrong Omitted

Four 1 110 i8 2
2 68 59 3
3 89 41 0
4 88 31 11
5 107 21 2
6 3 37 80
7 38 45 47
8 108 27 0
% 46 81 S
10 90 33 7
11 100 30 0
iz 47 57 26
13 81 41 8
14 50 28 52
15 37 86 7
16 101 17 12
17 96 &7 7
18 12 54 63
19 61 29 30
20 69 41 20
21 -85 o4 Sl
22 88 S 5
zd 24 27 29
24 71 46 13
25 48 50 R
26 53 27 70
27 55 15 60
&8 50 33 47
29 51 13 66
< 10 50 70
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APPENDIX B

Glossary of Terms Used

Norms. Composite scores for conparative purposes.

Mean. The average of a group of scores. The sum of
the separate scores divided by the number of

separate scores.

Median. The middle score, or the score above which
are one fourth of the scoress.

\}e\lo"/ B
Upper Quartile (Qs). The score sbewe which are thrse

fourths of the scores.

Lover wuartile (&.,). The score below which :=re one

fourth of the scores.

Percentile., The p percentile is the score below
which asre p of the scores. The median is the
fiftieth percentile; the quartiles are the

twenty-1ifth and seventy-rifth.

wuartile deviation (Q). One half of the distance

between §, and Qs for a given distribution.

Average deviation (A.D.). The average of the de-

viations of s8ll the measures in a series from

their mean.. A.D. is alwdys larger than .
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otandard deviation (5.D. or o). The sgquare root of the
average sguared deviations of the respective
measures of a series from their arithmetical

mean. S.D. 1s always larger than A.D.

Coefficient of correlation. An index figure steting the

degree of relation.hip between two sets of data.

Placement examination. A test used as a criterion for

dividing & class into sections,

Prognostic test. A test wiich attempts to predict sub-

sequent success in a given subject.
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APPENDIX C

The Correlation Coefficient and Its Calculation

_ The coefficient of correlation is an index figure
summarizing the relationship between two measurements
of the same group of individuals in much the same way
that an arithmetic mean summarizes a distribution of
scores., It gives in a single two- or three-place
decimal number the amount of relafionship existing
between two more or less lengthy series of'marks in-
volving two different variables. “

The formula commonly used for finding the corre-

lation coefficient, designated by r, is

where the x's and y's are the deviations of the measures
in the series from their averages and X is a sign of
summagtion. Tﬁis formula is commonly known as the Pear-
son !'t'product moment'' formula. There are several
variants which yield the same arithmeticel value for
r, and various charts and disgrams have been devised
to simplify the calculations,

The correlation coefficients given in this study
were calculated by use of the 0tis Correlation Chart

prepared by Arthur S. Otis and distributed by the World
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Book Company. The formula upon which this chart is
based 1is
T = e o o o o o e o s e o

VET - EX)7 + I [EYF - @Y): + 1
in which Y and X are measures on the two scales, and

V=Y-X, The three, a, Y, and V, are rieasured from

arbitrary zero points. This is the same formula as

in which v = y - x, and in which x, y, and v are all
méasured from their true mesans,

Calculation of a coefficient by means of this
chart is merely a matter of routine arithmetic after
the freguencies of the scures are rlotted. The pro=-
cedure 1s well illustrated by the accompenying chart,
¥ig. 7, on winich has been calculated the coefficient
of correlaticn between the scores made by 118 Liissouri
University students and the scores umade by the sane
students on Part Four of the examination., The process
may be summarized briefly as follows. <Cuiltable class
intervals were chosen for tiie two score ranges and
written in the proper places, A polnt was piatted on
the diagram for each pair of scores, the horizontal
position being determined by the value of the Part

Four score and the vertical position by the total

~94-
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score, The X-, Y-, and V-frequencles were determined
by counting the tallies in the respective vertical,
horizontal, and diasgonal columms. The various parts
of the&éeneral formula were calculated according to
the instructions clearly given on the chart itself.
The order of computations is indicated on the chart
by alpliabeticsl designstions, A, B, C, etc.

The megnitude wiiich a given coefficient of corre-
lation nmust have in order to be significant depends |
to osome extent upon the use to which it is to be putb.

.

The following sumiary, teken from Measurements in

secondary ELducation, by P. G, bymonds, will give a

general idea of the value wiich a coefiicient must
have to bte useful.

r = 0,90 the correlation of form A with form B
of a forty-milunute intelligence test in
high sohooi.

r = 0.80 the correlation of form A with form B
of a forty-minute achievement test in

" high schooi.

r = 0,70 the correlation of first-semester marks
of the same class and saﬁe teacher in a
school that has a fairly good system of
marxing.

r = 0.60 the correlation of an average of elemen-
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tary school marks with an average of
first-year high school marks.

r = 0.50 the correlation of marks in one academic
subject in high school with marks in
another academic sub ject.

r = 0.40 the correlation of marks in an scademic
subject with marks on an intelligence

test.

Another indicatioﬁ is given by Rugg (6, page
256), who says,
"The experience of the present wriﬂ:}r in exam-
ining many correlation tables has led zim to re-
gard correletion es '"negligivle” or "indiffer-
ent”™ wien r 1s less than .19 to .z0; as being
ipresent but low" when r ranges from .15 or
.20 to .85 or .40; =ss belng "markedly present”
or 'mariked” wunen r ranges from .35 or .40 to
.50 or .60; as beling 'high™ whon it is above
.80 or .70, With the present limitations on
educational testing few correlations in testing
will run above .70, and i1t is safe to regard

this as a very high coefficient.”
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Paper No. section No.

A
PLACEVRIT EXAMINATION
IN

GENLRAL FHYSICS

Student's name: vex: _ Aper
(Surname) (Initials)
High Schpol attended: City: _ State:
Have you had & course in physics in high school? | .
Test administered at - on
(Sehool ) ‘ {Date)
SCORING DATA
Allowable time. 50 minutes. Maximum possible score: 126
Division of tine: Student's score:
Bovér'page ..... .o 1 minute. Right Wrorng Omit Sceore
Part l...... cesseld " Part 1
Part 2........... 8 " FPart 2
Part 3.ceeeseeesold " Part 3
Part 4....00000..10 " Part 4
Transitions...... & " Totals

Copyrighted 1930 by John M. Willson.
All rights reserved.
- Acknpwledgment: The selections used in Part 3 were chosen from
Anderson's PHYSICS FOR TECHNICAL STUDENTS, published by MceGraw-
Hill Rook Company. Used by permission, :



PLRT ONE

iMaximum Score:

[

[P U o e e - e e —_—

DIRECTIONS: Place the answer to each question on the corresponding dotted line at
the right. Use blank spaces on the page for necessary figuring. You have 14
minutes for Part tne.
SAMPLE: 2x = 6. TWhat does x equal? : L 3
1. W = Pd. BSolve for d. 1. —
2. What is one eighth of ssven? 2. L
5. 8 = 2at°. Solve for t. Bo
4. as = 8. Express a without using rodieals. 4.
. R is less than S. R £ S = S £ 6. Does R equal 67 .-
. Express in symbols: m is proportional to the cube of 4. B8,
7. %mvg = mgh. Simpliify and solve for v. 7. .
8. If % é L-X f 2 | is x lurger or smaller than y? 8.
9. Express in symtols: Pl is to PB as Vé is to Vi 9.
19. 4dd: —ll;%-}l; . 16.
11. xz is less than y. Cen x be greater than y? 11.
12. Which expression is imaginery: Ya , -Va , VI, V-2b 2 12.
13. Multiply 2.5 x 2 by 3 x C. 13.
1l4. What is ons-half of one-fourth? 14.
15. m = eit. Solve for e. 15.
16. What is the reciprocal of -";—X 2 o 16.
{l?. Solve (to one deczimsl place): lBO\éZS)G%%%} e
18. ‘fhat is thg mean of\}, 4, C, 5, 5% 18.
19. A is less than B. Is the mean of 4 and B less than B? 1s.
20. F = 477 ®n®rm. Solve for . 29, —
21. Write with an exponent: V/ x - y . 21._
22+ Add the next two terms to the series: 160, 80, 40, 20. 22._
23. The reciprocal of a number is a. What is the number? BB e
24. 02 £ 1 = 0. What is the value of c? 24.
25. What does-% equal? 25. —
26. What is the cube of 4xy~? 26
27. What does % equal? 87
28. T =2 . If T 1s10 and B is 220, what is the value of R? £8.
29. By how much does B axceed & if A - B - C? 29.
30, Write as a decimal fraetion: 3/4 30. —

How scored: Score:
Number right

Charzceter of responses
Right: wrong: Qg;t:

30 i
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PART TVWO

DIRECTIONS: Below are sketches and disgrams representing various physical devices
or principles ussd in engineering practic¢e. Each sketch is numbercd. To the
right is a l1ist of the principles or devices illustrated. €n the blark preceding
the name write the number of the sketch illustrating it. You will find it helpful
to cross out each sketch as it is identified. You have 8 minutes for Part Two.
SAMPLE: Sketeh 12 is a simple pendulum. Hence, place the number 12 on the blank
hefore the name, as shown to the right.

No. Name

(L

12 Simple pendulum

)
i

[P U OUU PA)

= | Lever
%wi/// Block and tackle
n . Electromagnet

Beam balance
Siphon

Dourle convex lens

Torsion penduium

Electroscope
Permanent magnet
Voltaic cell
Vernier

Stable eguilibrum

__ Lift pump

Refracting prism
_ Centrifugal gover-
____ Solenoid nor

Reflecting prism

Unstable squilibrum
Double concave lens
Cells in series

_ Inclined plane
Force diagram

Wedge

_ Atwood's machine
25 ____ Manometer gauge
26 ___ (Centigrade thermom-~

eter

27 Hydrometer
28 Wheatstone bridge
29 ___ Fahrenheit thermom-

eter
30 Force pump

31 Cells in parallel

32 __ Dipping needle

33 ____ Capillary colum

34 Ball nozzle
Maximum Score: 4 Character of responses How scored: Score:

Right: Wrong: Omit: Number right




2A3T THRIE

DIRECTIONS: This section consists of selections from a standard college text in
physics. To the right are a number »f statements which may or may not he true.
Read each selection and compare the statements with the material in the selection.
If the statement is true, place a T on the dotted line fcllowing it; if false,
place an¥ on the dotted line. DO NOT GUESS. DPart Three contains twe pages; go
on to the second without interruption. You have 15 minutes for Part Three.

. 3 - - . - - - - - -

1. TFARADAY'S ICE-PAIL EXPERIMENT. 1. Any deep hollow con-
The experiment received this name because ductor with a small
Faraday happened to use an ice-pail in perform cpening may be used
ing the experiment the first time. Any in this experiment.
hollow conductor, such as B (Fig. 1), would 2. The materials for
have answered equally as well. E is a gold- this experiment must
leaf electroscope connected to B by a wire. Be cocled by ice.
In the top of B is an opening large enough 3. As discussed, the
to admit the charged body A, If A is posi- hodxw A carries =&
tively rharged, then, as it is trought near positive charge.
the uncharged, insulated vessel B, elecirical 4. An elsctroscope is
separation takes place, the negative being indicated by E in
attracted and the positive repelled. A4 the diagram.
small part of the repelled positive charge 5. If A is moved atout
passes to tho electroscope and causes the in B, the leaves of
leaves to separate. 4s snon as A is well in the clectroscope
the vessel B, the leaves cease to separate remain stationary.
farther, and simply remain stationary as A 6. The induced charge on
is moved about within RB. the inside of the paill
o] is equal to the charge
- vt 4 on L{neglecting sign).
ftT ?zﬁ £; ey 7. The induced charge on
Lo e G the outside of the rail
N ; | | = is greater than that on
F- +a)+7 + o | the inside of the pail
o+ QQ I (neglecting sign).
- — —i+ ' i+ ‘ 8. If & is withdrawn
T ' without touching B,
It will now be shown thet the charge £Q the leaves of the
on A, the induced charge -Q' on the inside slectroscope collapse.
of B, and the induced charge #Q" on the out- 9. Collapse of the leaves
side of B are all equal. That the charges Q! proves that the charge
and Q" are equal {disregarding sign) is has teen lost.
shown by the fact that, if A 1s withdrawn 10. The leaves of this
without coming in contact with B, the gold electroscope are made
leaves collapse, for, if Q' were (say) -10 of aluminum.
and Q" were £11, there would bte one # unit 11. If & is lowered to '
not neutralized, and the leaves would still touch the bottom of B,
diverge slightly. If, on the other hand, A the leaves of the
is lowered until it touches the bottom of B, electroscope collapse.
the leaves neither rise nor fall. This fact 12. Negative charges are
shows that Q equals Q', numerically, since attracted by A, while
they just neutralize each other and leave positive charges are
Q" unchanged. repelled.

(Go on to next page)



SHCCND PAGE, PART THREE

2. The energy of a tody may te defined as
the ability of a bedy to do werk. The
potential energy of a body is its atility
to do work by virtue of its position or
enndition. The kinetic energy of a body

is its ability to do work by virtue ef 1ts
metion. Energy may »e transformed from
petential to kinetic energy and vice versa,
a7 from kinetic energy intc heat, or by a
suitable heat engine, e.g., the steam
engine, from heat into kinetic energy, tut
whatever transformation is experienced, in
a technical sense, none is lost. In prac-
tire, energy is leost, as far as useful

work is concerned, in the operation of all
machines, through friection of bearings, etc.
This energy is spent in overcoming friction.
It is not actually leost, but is trensformed
into heat energy which cannot te profitably
reconverted into mechanical energy. In

all cases of energy transformations, the
energy in the new form is exactly equal in
magnitude to the energy in the old form.
This fact, that energy can neither be
ereated nor destroyed, is referred to as
the law of the Conservatior. of FEnergy.

3. The elsctron theory. According to this
theory, now generally accepted, electricity
is corpuscular in its naturce. Indeed, it
may be said that electricity consists of
regatively charged particles, the electrons,
each of which has a mass about 1/1845 that
of the hydrogen atom. Streams of these
electrons constitute the -rays (beta rays)
emitted by radioactive substances, and they
also constitute the cathodc rays which give
rise to the xz-rays. The 7 -rays (gamma rays)
which accompanyf? -rays, and also the x-rays,
are radiations of exceedingly short wave
length. The electrons, as they rapidly
revolve alLout the atoms, are also considered
to be the ultimate source of the ether vi-
brations in radiation. According to the
electron theory, an excess of electrons
upon a body causes the tody to be negatively
charged; a deficiency, positively charged.
48 uncharged or neutral body has its normal
supply of electrons. It is of interest to
know that the charge on the electron hes
been measured and that unit negative charge
is equal to 2.1 x 10° electrons.

@hximum.Score: Character of responses
3 32 right: +wrong: omit:
How scored:
Humber right Score:

1.

Energy of a body is
the ability of the
wcdy to do work.

A body has only ene
kind of cmnergy.
Kinetic energy is
ability tc do work by
virtue of position.
Energy may be trans—
formed from potential
into kinetic encrgy.
Heat converts energy
inte friction.

A steam engine con-
verts heat into ki~
netic energy.

The amount of energy
in existence is con-
stant.

Energy used in over-
coming friction is
destroyed.

Potential energy is
the ability to do work
by virtue ef metion.
The magnitude of energy
after transformation is
less than the magnitudo
tefore transformation.

e

—————s

According to the
slectron theory, slec-
tricity consists of
negatively charged
rarticles.

A negative electric
charge results when

a hody has an excess
of electrons.

Tho charge on an elec-
tron has btesn measured.
Streams of electrons
knewn as cathode rays
are the cause ¢f x-rays.
An unchargeod bedy
lacks some electrons.
Electricity is gen-
erally accepted to »e
corpuscular in nature.
The electron is larger
than +the hydrogen atem.
Electrons are caused
by ether vibratiens.
Elcctrons revolve rapidly
around the atoms.

A positively charged
body has the normal
numberr of electrons.



PART FOUR

DIRECTIONS: Read each question and seleet the best answer from the five given.
Place the number of this answer on the line at the right, as shown in the sample.
This part consists of two pages; go on to the second without interruption. You
have 10 minutes for Part Four.

SAMPLES: 1. A mile is most nearly (1) 1000 yards, (2) 2000 yards,

(3) 3000 yards, (4) 4000 yards, (5) 5000 yards. 2
2. The unit for measuring electrical resisbance is (1)
ampere, {2} watt, (3) velt, (4) erg, (5) ohm. 5

- - - - - -

1. The measure nearest the yard in length is the (1) millimeter, (2)
centimeter, (3) meter, (4) foot, (5) rod.

2. A common unit of mass is the (1) liter, (2} cubic foct, (3) centi-
meter, (4) gram, (5) erg.

3. Three forces acting at an angie msy be replaced by & single force
producing the same effect. This force is called a (1) component,
(2) equilibrant, (3) resultsnt, (4) diagonsl, (5) force polygon.

4. Light which passes through an ordinary prism is (1) polarized, (2)
diffused, (3) rafracted, (4) reflected, (5) absorbed.

5. The freezing goint on the Centigrade thermometer is (1) OO, (2)
212°, (3) 100°, {4) -273°, (5) 32°.

6. A device involving Bernoulli's principle is the (1) siphom, (2)
hygrometer, (3) electrophorus, (4) interferometer, (5) atomizer.

7. The quantity commonly indiczted by "g" is the (1) acceleration of
gravity, (2) gas constant, (3) ionization constant of gases, (4)
universal gravitational constant, (5) temperature gradient.

8. An instrument often used to measure the demsity of liquids is a
(1) hygrometer, (2) barometer, (3) anemometsr, (4) hydrometer,
(5) pedometer.

9. The veloecity of a body may be expressed in (1) foot pounds, (2)
dynes, {3) grams per second, (4) miles per hour, (5) feet per
second per s=scond.

10. The transfer of an slectric current through a liquid is called (1)
transmission, (2) conductance, (3) magnetism, (4) penetration,
(5) permeability.

1l. The quantity of heat in a body is measured in (1) degrees, (2)
7atts, (3) calories, (4) coulombs, (5) poundals.

12. A; object is placed outside the center of curvature of a concave
mirror. The image formed is (1) virtual, (2) upricht, (3) larger then
the object, (4) smaller then the object, (5) situated behind the
mirror.

13. The ampere is th2 unit used for expressing (1) resistance, (2)
: electric current, (3) electrical conductance, (4) electromotive
force, (5) potential gradient.

4. Vectors are distinguished from scalars by having (1) lenzth, (2)
magnitude, (3) mass, (4) direction, (5) force.

(Go on to the next page)



15.

1s6.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

a7.

28.

29.

30.

|

The time rate of change of position of a body is known as (1) force,
{2) acceleration, (3) speed, (4) rotation, (5) displacement.

The kilometer corresponds most closely in length to the (1) foot,
(2} yard, (3) rod, (4) miie, (5) inch.

Energy possessed by virtue of motion is called (1) potentisl, (2)
latent, (3) free, (4) kinstic, (5) statie.

Lines plotting relationship between pressure and volume are called
(1) isotherms, (2) isobars, (3) components, (4) isoclinic lines, °
(5) eritical lines. :

Heat can pass through a vecuum only by (1) capillarity, (2)
conduction, (3) convection, (4) radiation, (5) absorption.

The speed of sound in air is zpproximstely (1) 1080 feet per second,
(2) 186,000 miles per second, (3) 980 centimeters per second, (4)
32 feet per second, (5) 300,000 kilometers per second.

4 man whose neme is associated with falling bodies is (1) TWatt, (2)
Galileo, (3) Faraday, (4) Archimedes, {5) Copernicus.

Ice melts at (1) 30°F, (2) 30°c, (3) 212°F, (&) =2°F, (5) 32°C.

The stress commonly experienced by a rafter in a building is a (1)
shear, (2) tension, (3) compression, (4) twist, (5) torque.

An instrument used to detect electric charges is the (1) spectro-
scope, (2) electroscope, (3) voltmeter, (4) dynemometer, (5) polari-
scope.

The quantity of heat liberated by unit mass of water upon freczing
is called (1) specific heat, (2) mechanical equivalent of heat, (3)
latent heat of fusion, (4) radiant heat, {5) latent heat of vapori-
zation.

A menometer gauge measures (1) depth, (2) speed, (3) density, (4)
pressure, (5) temperature.

A 150-1b. man climbs to & height of 20 feet in five seconds. The
foot-pounds of work done are (1) 150, (2) 20, (3) 100, (4) 3000,
(8) 750.

The time rate of change of speed of a bady is called (1) force (2)
momentum, (3) velocity, (4) =scceleration, (5) force of restitution.

The acceleration of gravity in fest per second per second is approxi-
mately (1) 980, (2) 4.187, (3) 772, (4) 2.54, (5) 32.

The unit of eledtrical capacitance is celled the (1) dyme, (2)
coulomb, (3) smpere, (4) farad, (5) watt.

Maximum Score: Chareacter of responses How scored: Score:

30 Right: Wrong: Cmit: Number right
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