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| CHAPTER I
A R TS INTRODUCTION:

o The purpose of this thesis was to study the relation-
shibs among the grades in mathematics, chemistry, English

and engineering drawing, and the score in the psychological
examination taken by freshmen entering the University of Ari-
zona in September l9h7. The Psychological Examination the
l9h6 College Edition, by the American Council on Education
was glven to each freshman upon entrance to the University.
Then only the beginning students in the College of, Mines and
the College of Engineering during the fall semester of l9h7-

l9h8 were considered in this study.g‘jg_. . . -
o To obtain the data the writer.examined the University
ofrArizona s student records in the Registrar s office. Be-
ginnlng engineering and mining students tahing certain
courses were used._ The four freshman courses con31dered
were- mathematics, chemistry, English and engineering draw-
ing. The grades 1n these subJects and the score on the psy-
chological test were correlated in this study.

| The freshman mathematics courses were selected from
these~_ Mathematics 22 Special College Algebra, 5 units'
hathematics 20 College Algebra 3 units, hathematics X,

Rev1ew of High School Algebra 3 subcollegiate units-,




Mathematics 10, Solid Geometry, 3 units;. and Mathematics 2L,
Plane Trigonometry, 2 units. If. a. student took more than one
of these courses, the Weighted'average"of:hiségradAS‘wasé
uséd;‘iThefweightS“weréjthe numbers-of units in these courses.
e - The English"grade was selected from English X,-Subcol-
legiate. English, 3 subcollegiate.units; or English-la,: -
Freshman. Compositiony 3:units;"The«English'placement‘exam-
iqation given.during registration week determined which of '
these courses the student took. . --
v+ The.chemistry .course was either Chemistry la, Introduc-
tory General Chemistry; 4 units;.or Chemistry 2a, General
Chemistry, .4 units;;oThe~chbmistry;coursewﬁhé student took
depended upon-whether he.had:entrance.credit-in high school.
chemistry. or. not. .  Chemistry.le is.for: students who have not
had high schbol¢chémistry;‘while Chemistry 2a is for: students
who have entrance: credit in high;school;chemist:y.i

- Likewise the:student took one of two engineering draw- -
ing;courses;adepending'upon his- high school:background., - -
Civil Engineering 3, Engineering Drawing, 3 units, is for:
students who have no entrance credit in mechanical drawing.
While students with high school: credit in mechanical drawing
take Civil Engineering 31, Advanced Engineering Drawing, car-
rying 3 units. . |

.The writer selected ninety freshmen who qualified for
‘the correlation study in this thesis.' The number of-such

students was limited because some. students were exempt from




the:first_semester:of.college English.after taking a speciol
English examination which, if passed, entitles such students
to credit for English la without taking it. This special
English examination is given to those students who are in the
top tenth of those currently taking the English placement
examinotion. Still other students had withdrawn from one or
more of the four subjects considered, thus disqualifying
them as material for study. And again some freshmen did not
’follow the prescribed course completely. Therefore, the stu-
dents considered numbered ninety.

In this correlation study the methodology of simple,
partial, and multiple correlation is used. Therefore, all
zero order correlations and correlation ratios were obtained
for all possible pairs of subjects. There were ten such
pairs of subjects possible. For each pair of subjects cor-
related, the equations of the regression lines were found
and graphed. These regression lines were plotted on scatter-
diagrams. Also the probable error of each zero order cor-
relation was found., Following the computation of the zero
order correlations, multiple and partial correlation coef-
ficients were found, together with the regression equation
of each subject on the remaining subjects.

In the second chapter, a summary of the theory of cor-
relation is given with the definitions of the terms ﬁsed.
The third chapter contains an explanation of the computations

and the procedure. Then the fourth chapter contains the



results and conclusions., ZFinally, a bibliography of refer-

ences is given.



~ CHAPTER II

SUMMARY -OF THE THEORY OF CORRELATION

- FOR SEVERAL VARIABLES

-, For the reader not familiar with the theory of correla-

tion, we commence with the definitions of certain terms--
along with an explanation of .the theory of correlation., .

To begin, we need to knOthhe meaning of the arithmetic
mean, since it is used 1n order to calculate the correlatlon
coefficient r., The arithmetlc mean of n numbers is simply

the sum<of‘the numbers divided by n.

Then we note the term standard deviation, denoted by

a’, Standard deviatlon 13 defined thus The standard devi-

ation. is the square root of the arithmetic mean of the
squares “of deviations of values of the variable from their

arithmetic mean. o

- Arter defining the arlthmetic ‘mean and standard devia-

tion, we need to know what correlation means. Correlation
measures the relationship that exists among “two or more

quantlties, that is, it measures the degree of dependence.
1 .
According to Reitz:

The most important measure of the degree of
.. correlation is the so-called Pearsonian

!1

1., H.,L, Rettz (ed.), Handbook of ! Vathematical Statistics: -
(Chicago- ‘Houghton HMITTiin Company, 192%), p. I2T.




. coefficient of correlation universall& repre-
sented by the letter r. It is often called the
product-moment coefficient.

ConSiderwapairs of variates -
(Xi, yl) i—l 2 3,'00.000’ I\TO
Let the value of Yi: when. measured from the arlthmetlc mean
with the standard deviation as a unit, be denoted by yil,
and in:.a s1milar manner define xil.‘ Then in terms of xil

and yil, the correlation coefficient is given by the formula,

i-N

This says that the

correlation coefflcient of two sets ‘of variates,

expressed with their respective standard devia-~

tions as units, may be defined as the arithmetic

mean of the products of deviations of corre-

spondifg values -from their respective arithmetic

means, '

'If each pair of variates is used for the rectangular
coordinates of a p01nt or dot and these points are plotted
on a plane, the resulting diagram is called a scatter-- ‘
diagram.’ Tr the means of the Tows and the means of the col-
umns are calculated from a- correlation table such as that
shown in Table I then the scatter- diagram is also used to’
plot. the means of the columns with siall orosses and:the

means of the"rows with small circles., These crosses for

Le
l. H,L., Reatz, Mathematical Statistics (LaSalle, 1llinois:
The Open Court Publishing Company, 1927), p. 83.




column means and circles for row nmeans fall upon or close to
the regre331on 11nes accordlng to the degree of correlatlon.
Vlth respect to the regre551on llne, Reitz says: a

If we mark the mean of each column of the
'scatter-diagram' by a cross, the 'line of re-
gression of Y on X' is the straight line
Y = m{ + b,_which-fits,'best',thiS‘system of
crosses. RS T . o T

The line of regre531on of Y on X has the
property. that the sum of the squares of the
distances. (measured from it parallel to the
Y-axis) of all the dots 1is less than from any
other straight line. . Moreover, the values of
Y computed from the regression line are more
highly correlated with the corresponding ob-
served Y's than when calculated from any other
linear function of X, =

For this reason, the equation of the line
of regression of Y on X may be~regardedwas
that linear relation which on the whole gives
the 'best!' estlmate of Y corresponding to )
an a331gned . in so far as such a prediction
can be made by means of a 1inear function.t
The:word array is used to d351gnate,e1ther a row or a
column of the correlation table.

- The term linear regression indicates that the array
means lie exactly on their respeetive,regression lines,, or
do not deviate from these lines more than could be expected
due to the fluctuation of sampling.

"-... The - standard error of estimate isvthe_rpotemean-squere_

l H L. Reétz (ed ), Handbook of Lathematical Statistics,
_‘p. 12




erTor of estimaﬁe; désignated”by sy, when y is estimated
'frbm xlbi use of the regression line of y on x. ' The symbol
sx has a s1milar meaning for x.

| »:'Once more we quote Reitz, who says:

‘The mean square error in estlmatlng the -
. .. Y's, by taking the means of arrays of Y's,
may be defined as the mean of the squares of
the standard deviation of these arrays, the
square of each standard deviation of an
array being weighted with the number in the
array., If the means of these arrays fall
“exactly on the line of regression of Y's
on X's, then it can be proved that

= 03,2(1-1'2) ’

where sy is the mean square error in the
"egtimate of Y. The value of.sy2 may also be .
defined as the mean of the squares of the de-’
viations of the dots of the scatter-diagram -
. from the line of regression of Y on X, when
‘distances are measured parallel to the Y-
axis.l
fSince the probable error of the coefflcient of correla-
tion was’ calculated a definltion of the probable error is
in order. The probable error is the value that any given
error will“as’lilely fall under -as exceed.
If the :regression of y on x is not linear, the correla-
tion%éoefficient;ashanmeasure of correlation may be mislead-

ing. Hence, we need what is called the .correlation ratio,

1. H.L. Reg.tz (ed ), Handboolc of Iiathematical Statishcs,
- Pe 12 N , . i



/Tjﬁr;i to take the place of the correlation coefficient
The correlation ratio of . y on. x measures the clusterlng of
the dots of the scatter-diagram about the means of arrays
: 2
of the'y s. If there is linear regression, fqpyxz = r-,
approximately. The formula used to define the correlation

ratio is ' -

) : A
where s}ﬂ;.is The mean square vertical deviation of the dots
from the meanslof the columns.

Vhen we ccmpare two subjects, we have simple or zero
order correlation, but when'the correlation is among three
or more variables, .our correlation is called multiple cor-
relation. Reitz says-" R L ‘

" The ba31c problem of multlple correlatlon

is to estimate the value of a variable that cor-

responds ti assigned values of two or more other ' -

varlables.b

'Accordlng to Reitz: | o

Assume that ve may estimate Xl from the

assigned values of X3, X3, ..., Xh by means
of the linear function.

(1) X1'= D1p 3y, .00 %2 D13.2h...0 X2 +
- vee + DI, ., (n-1) Fn +C
in which the b's and the ¢ are constants, so-

1. H.L. Reitz (ed.), Handbook of Fathematical, Statlstics,
p- 139. .
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chosen that the X;'s computed from (1) are
~the 'best' estimates of the observed Xj's

which can be made by means of a linear func-

- tion of the assigned values of Xsp, XB’ cee
Xn. The ordinary product-moment coefficient
of correlation between the Xj as thus

- estimated and the observed X3 is called the
- 'multiple' correlation coefficient.l

Suppose we start with N sets of corresponding values
of n variables xl, X2,..., xn. Assume that we separate the
values of x; into classes by selecting class intervals -
dxz, 4x3,..., dx, - of the (n-1) remaining variables. Now,
when we limit the xz's to an assigned interval dx2, x3’s to
an assigned interval de, etc.; the set of corresponding x's
is called an array of x;'° 's.

Ve quote Reitz:

The locus of the means of such arrays of
-X1's in the theoretical distribution, as dxp,

dx3,...dxy approach zero, is called the regres-
‘sion surface of x3 on the remaining variables.?

Referring back to equation (l) andfomitting the sub-
scripts after the decimal point, it can be shown that the

linear regression surface of Xi on the other subjects takes

the form of
Xl =: b12X2+b13X3 + o"o + blnXTl + .C,

where the X's_are_measured from their respective means, and

the parameters b12t'b13’ blh’?"’bln- can be expressed in

1. H.L, etz {ed.), Handbook of Lathematical Statistics
. p. 139.
2. H.L. Reitz, lathematical Statistics, p. 93.-
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terms of the standard deviations of the variables

X3, X5y eeey, Xp and the simple correlation coefficients be-

tween these variables.

Ve adOpt a least- squares criterion to determine the

parameters blz’ b13, ceey bln S0 that o
2 S
LJ Z:CKl - b12X2 - b13X3.= cee = bypXy =)

shall be a minimum Then this gives for the 1inear regres-
sion surface of kl on Yg, Xg, ..., Xh | h

R Xl =‘-<Tizzz Rig X
e R11 (ra

where Rﬁq is the cofactor of the element in'the pth row and

qth-‘column of .the determinant:

1 Ti2Ty3 ceeee Tpp |
1‘21 l 1‘23 A.‘oooooo rzn

® ® 0 0 0 0 00 0 0O 9 0 O e b e oo 0

rnl rn2 I‘n3 EEEEES l
By the cofactor of the element in the pth row and qth
column, we mean (-1)P+2 times the minor of that element.

We want the meaning of the standard error of estimate

for n variables. This standard error (J7,23,..n Of
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estimating X; from assigned values-of X2, X3, ..., X; 1is
defined by

P _2 1. e S
03:23...n = %.Z:(observed %y - computed Xl)z

By partial correlation we mean the degree of correlation
between two sﬁbjects when the remaining subjects are held
constant or have assigped values. For example, the partial
correlation between mathématics and chemistry measures the
degree of correlation between these two subjects, independ-
ent of the effect of thé other subjects in the correlation
study; that is, the influence of the other subjects is re-

moved and only chemistry and mathematics are compared.

Ir r12.3h5 coon ‘is the_correlation between x] and X5

after the effect of X3, X}, e+, X, has been eliminated,
then T12.34...0 is defined by

=2E:xl-3h...n'xé.34...n ’
NO1,34...n02.34...0

T12.34...n

where the summation is extended to N pairs of residuals,

That is, the partial correlation coefficient T12.34...n

is the simple coefficient of residuals
xlOBho.on = Xl - b13x3 - bll#xh, = ese ~ blnxn

and
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X034, ..n = X2 7 Pa3X3 ~ PyuX - oeee - Dy X

With this we conclude our summary of the theory of cor-

relation.



GHAPTER TITI
PROCEDURE

This chapter explains the procedure in more detail than
was given in the Introduction. In our calculations, we fol-
low the methods and arrangements given by Reitz.l
R ‘The first step ‘toward the solution of our problem was
to tabulate the grades of the ninety ‘students in Table VIK.
From this list of grades ‘in mathematics, chemistry, English

nd engineering draw1ng, and the scores’ on the psychological
examination, double entry frequency tables or correlation
tables, Tables I to X, were,compiled. In these correlation
tables, the subjects to be correlated were grouped in all
possible pairs -- chemistry with mathematics, English with
engineering drawing, etc. Since there were five subjects,
there were ten possible pairs of subjects, and hence ten
correlation tables.ﬂ, ‘ | '

Each correlatlon table contains several columns and ‘
several rows, each of which lS a frequency distributlon.‘ In

each correlation table, the totals of “the frequencies in the

rows were recorded in the column marked fy,'and the totals

1. H. L.‘Reitz {ed.], Handbook. offMithematical Statistics,
Chapters VIII and 1Z.
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of ‘the frequencies in the colwms were-recorded in the row -
marked'fX}*fThe column f& and the row:fx each totaled ninety,
the number of students in'this-study.

Arbitrary origins wiere chosen near the means, and the
class intervals were used as units of measurement, Thus the
column .Y and the row X were .set up. -The next two. columns
and the next two rows in the correlation table were'used to
obtain the first and second moments ahout the arbitrary
origins. These werelusedlto‘calculate the deviations of the
arithmetic means. I-ande__from“thefarbitrary origins, and
to calculate”the standard deviations;(ré and o}. The for-

mula employed to calculate Y was

7. nyr

and the standard‘deviation of y was found by the formula .
. s _
. A 4 -
0_f=z____y - YR,
Ty
The values for "X and U‘; were found in a 31milar manner.

' The entries in the column headed T were found by taking
the sum of the products of each;cell frequency in a row by
the corre3ponding value of X. Likewise the entries in row S
were calculated - | | | | e -

The entries in the column TY were found by multiplying

the corresponding numbers in the column T and the column Y.

The total of this column (Z:TY) was the product moment
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about the arbitrary origin, and was used in finding the cor-

relation coefficlent r by the formula,

T
N .

0x Oy

The column T2 was computed in order to obtainZ?i
from which the correlation ratio /ﬁLx&’ was &
computed using - o ,

o E. EE - X% 2 :
2 =I“_ fy . Ony
, ‘/Ql#y "3'(r;2 ‘l';: 0‘&2

where Cr/ represents the numerator of the preceding frac-

tion.

The column f; (or the column T timés ‘the class inter-
val div1ded by fy) was calculated in order ‘to determine the
rthmeans. .Similar calculating was done for the rqwsiin‘the
correlation table,

Next the root-mean-square error:of estimate of .y, or

the standard error of y was found by using.the formula,

3
sy=0;|llr
~ 1
where (1-r?)% is called. the coefficient of alienation, and
Jy is the standard deviation of Yo
The value of Y was multiplied by its class interval and

added to its arbitrary origin to give the mean My of the Y's.
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A similar procedure gave the mean M, of ‘the X's. :The values

ofiMi"and“Myrentered into the regression equations:
IR - S
Y = My =1 — (X- J

o am s
X-'Mx=1‘ (Y"' ).

Y
These equations are termed respectively, the regression of
y on x, and X on y. The quantities ro—-z and s 0:{ )
N ‘ “ N - a o - ' « B ’ O-i"j \ 4»";' G_y’.., e

9??;9al}e@ the.regressionfooeffioients,‘ The preceding re-
gressionoequations-we:e ohapgeoyto.the'form -
_ Ax+By+C 0 R

and. plotted on the. scatter-diagrams. ?heiregression”or L
y-om x and the amll crosses representing the corresponding
column means were plotted on the scatter-diagrams, in each
case, with red ink, JWhile.the reg;ession of - x on y and the.
‘.sma}lroirolesArepresent@hg theccor;espondingyrow_meensiwere
p;otted, in_esch case, with green.§nk.. Each pair of_vari—
gtes in a correlatioh;table_oouid“haveﬁbeep_plotted_as,a
th op“the soetter-diagra@,«butxthis‘procedure was pot.folf
lowed. o |

“We needed the_probab}e e:ror;of:the oor:eletion,coeffi-
cient. To obtain this, the formula |

1-r?

m -

ggr'; 0,67L49
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was used. The letter N represents the number of students in
this study, and r is the correlation coefficient.

o The‘correlgtion ratio,,wlxy,'was used with the correla-
tion coefficient, r, to test for linearity of regression of

x-on y. For this purpose, the formula

N(/,’nyz - r?) < 11.37

was used, where N is the number of students in the study.
(Vhen the left hand member of the Znequality is less than
11.37, there is linear regression.) Similarly, the line-
arity of regression of y on X was tested,

In order to obtain independent checks on all of the
foregoing calculations, duplicate correlation tables, having
diffefent arbitrary origins, were used. All of the calcula-
tioné, together with the formulas used, are set forth in
Table I. In Tables II to X only the resulfs are recorded.

Yhen the variable x, is omitted, all pairs of variables
increase and decrease together. Hence, their zero order
correlations are positive as appear in the corresponding
co:relation tables. 'However, grades decrease numerically _
as proficiency in scholarship increases, while the opposite
is true with respect to the psychological score, a numer-
ically high score indicating proficiency. Hence, the true
sigﬁs of the zero order correlatioﬁs between the psycholog-
iéal score and the grades in the academic subjects are

opposite to those appearing in the correlation tables.
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Therefore, the corrected signs were used both in the deter-
minant R, mentionedfinLthe next‘paragraph, and also in
Table AVIII. o

’ Hav1ng completed the simple correlations as indicated
above, the multlple and partial correlations among the five
varlables were found ne”t Toward this end, we first evalu—

ated the determinant"

12 T3 Ty |
rpy 10 Tp3 réh Tos
32+ T3, T35 o
Tl T)2 th 1l T)s5
vr51vr52 r53,r5h 1l

R = r33 T

where,rpdfrepreeents the zero order correlation between Xy,

d the .
and x,, the value of Top being one

After the evaluation of R, the multiple alienation coef-
ficients, or k's, were found thus:
T e T : ,

R Y 'R\
S 2345 = ﬁ-ﬁ. » Kp 1345 = -ﬁ-fl- , ete.,

' where the qu is the cofactor of the element in the pth Tow
~'and qth column. The alienation coefficients were used to'
find the multlple correlation coeffic1ents, such as.

1.23...n’ by use of the relation

Nl

T1.23...n= (1 -k, 23...n)
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since’
2 2
‘rl.23ooon + kl.za...n = l .

And thus the multlple correlations were obtalned from the
simple correlations._‘ - . ) ” _
» Next the regress1on of Xi on the other four variables

was calculated viz.,

1 x
(1) X3 =) é}q — %q »
= d4q
K
where (?lq_‘ _EE . Similarly, the regression of each vari-
Ri1

able on the remaining ones was obtained,
Th t
e standard error of order four, (ri.23h5’ made in
estimating X; by the preceding equation is given by

:0—-‘—.'
0T.235 = 03 T

This standard error was computed for each of the five vari-
ables. ,

Then the ﬁartial correlation, r12.3h5, between X; and
XQ? when the remaining variables are held fixed, is given by

- Ri2

7 -—F
12.345 (R13Rpp) 2
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This statistic was computed for each possible pair of
variables. S

Each calculation inwmultiple and partial correlation
was. repeated as a check, unless an independent check was pos-
sible. In the latter case the independent check was used.

The results are recorded in Tables XTI to XVIII.



CHAPTER IV

 RESULTS AND CONCLUSIONS

ey

ing of the variables-
| xl = grade in mathematics,
x2‘= score in psychological examination;
x31= grade in chemistry,
"rhia grade in English composition,
HZXS'; grade in engineering drawing.
Referring to Table XVII it is observed that all Zero
order correlations are positive and each is, at least, six
times its probable error except r25, which is only about 1.2
times its probable error. Hence, all zero order correlations
are significant except Tos53 that is, with the exception of
r25; no one of .them could have been’ obtained from a popula-}
tion in which the true correlation coefficient was zero. In
the case r25, the true correlation coefficient might have
been zero so that r25 is not significant. This seems & rea-
sonable result since the grade‘in engineering drawing would
probably depend largely on manuel dexterity, and the psycho-
logical score on intellectual capacity.
An examination of Tables I to X shows that, for each

pair of variables, both regressions are linear.
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An interesting result to be observed in column (1)} of
Table XVIII is the high correlation of English composition
with all other subjects since the r's with one subscript four

come -at the top of the colﬁmn when the r's are arranged in
»drder of magnitude. (One exception is ry3.} This result is
also implied by the fact that T),.1235 is the largest of the
multiple ‘correlations. It might be expected when we con-
sider~the'importanée of cleér exposition in the writing of
examinations and tests. That T3 is second in magnitude is
perhaps accounted for by the fact that mathematics and chem-
istry are the only sciehces in 6ur'study.

" The r's with subscripts two are the smallest except-
rzh;"also T2,1345 1s next to the smallest of the multiple
dorrelatidns indicating relatively little relationship be-
tween the psychological score and proficiency in the other
subjects except English. Perhaps ability to reéd and under-
stand English improves the psychological score. Also higher
correlation between the psychological score and chemistry,
and mathematics might have been expected.

The relationships of English composition and of the -
psychological score with all other subjects, as ‘shown in -
column (3) of Table XVIII, have just been mentioned. The
lowest relationship of any subject with all others-is that
of engineering drawing. This seems reasonable agaiﬁ on ac-

count of the apparent greater dependence of engineering - -
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drawing on manual skill,

" Since all simple correlations are positive, we:would ..
expect ‘all pertial correlations to be smaller than the simple
ones, - This is seen to be true by comparing columns (1) ‘and
(2). The greatest reduction between simple and\paftial cor-
relation.is noted for the following pairs of subjects:

mathematics and English, :

. cliemistry and engineering drawing,

-chemistry and the psychological examination,

the psychological examination and engineering drawing.
This makes the net correlations between these pairs of sub-
jects the least when the effects of all other subjects are
removed.. . .In fact, the netvcorrelation between the last pair
is-actually negative, a result hardly to be anticipated, and
perhaps rather difficult to explain. A low positive corre-
lation would have seemed more reasonable,

.-The. .regression equations of each variable on the re-
maining four are presented in Table XV. -The standard errors
that would be made in using these regression equations for
‘estimation purposes are shown in Table XVI. The regreséion
equation is of use in two ways.: First, by means of it, we
may combine the variables in such a manner as to give the
best possible estimate of one of the variables when the
others have fixed values. The accuracy of this estimate

depends upon the size of the standard error of order four.
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Second, the regression,equation~gives the weights to be’
assigned to each variable in order that the values obtained
from the variables shall be the best possible- estimates-of
the variable desired. The multiple correlation: coefficient
measures the usefulness of -the regression equation in this
estimate, -

.;To_illustfate our first use of the regression equation,
we shalljseiect, at random from Table XIX, the values of
X2, X3, X4, and x5 for one or two students, and substitute
them in

(1) X3 = 0.00770 Xp + 0.50065 X3 + 0.05697 X,
+ 0.22620 Ls = 0.35L97.
The results give the estimated grade in mathematics, which
can be compared with the actual grade in mathematics, This
estimated grade should not differ from the actual grade by
more than-three standard errors. ' Using student No. é'in.
Table XIX, equation (1) becomes . .- ,
X3 = 0.00770(99) + 0.50065(2) + 0.05697(3)
+ 0.22620(4) - 0.35497. |
Therefore, X11=.2.h8h3,"thé estiméted érade ini@athé_
matics, ‘e note the actual grade in methematics was 2;
We might consider another example., If we use student
No., 21 (Table ﬁIk), equation (l) becomes:
X3 = 0. 00770(167) + 0. 50065(2) + O, 05697(2)
+ 0.22620(3) - 0.35497.
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Therefore, Xy =:2.71477, and.we note the-actual-grade in

mathematics was l 6.

Slnce the standard error' O*'2345 is 0 87371 we see
the difference in each example, between the estimated grade
and the actual grade is less than three times the standard
error. Similar examples could be worked out for other stu-
dents and also used to estimate grades in other subjects.

J To illustrate the second use of the regression equation,

let us con51der the relatlve weights to be given to

. Xy = psychological score,b
‘xB = grade in chemistry, o
'xh = grade in English ‘

X5 = grade in engineering drawing;
when we want to estimate xl, the grade in mathematics. These
weights are the coefficients in the regression_equation. The
most accurate way of evaluating theuweight,of each“subject

is to transform the following equation ‘(see equation (1) of

Chapter III):

12-—— x2 + 13 X3 + 13 xh + 1& -—-x5
P Buinfuia fug

" into a form involﬁing'a's,“wherei' R
e S - cete Con
23 ol S A{i=1, 2, 3, 4,. 5), ‘thus:

7] = (%1222 + (?132 Gzlhzh + Ei;5z5, or
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zy = 0.13098 z2 + 0.52687 z3 + 0.04750 z), + 0.17402 zs.

Tﬁiélis more accurate because the effect of the differences
iﬁ ﬁafiation of the several variables is eliminated.

| By inspection of the preceding equation, we see the
grade in chemistry influences most the grade in mathematics,
since the cqefficient of z3 is larger than the coefficients
of thét;ther z's, Further inspection shows engineering
drawinéfﬁb be next in importance, The psychological score
and English rank third and fourth, respectively. That is,
theiweight of chemistry has about three times the weight of
engiﬁéefing drawing, four-times the weight of the psycholog-
ical score, and almost 11,1 times the weight of English.

- In a similer manner, the equations

29

= 0.17226 2) + 0.017631 23 + 0.58727 z, - 0.28830 25 ,
23 = 0.69273 z) + 0.010263 22 + 0.44218 7, + 0.07236 zs
2}, = 0.03606 z) + 0.3390L z3 + 0.43858 23 + 0.23558 z5
Z5 = 0.2384k 71 - 0.30043 23 + 0.12954 23 + 0.42552 25

are obtained. Each variable in the right members is
vweightéd by a coefficient which indicates its importance in
estimating the variable in the left member of the equation.
With this we conclude our study of the correlation of
freshman engineering grades of ninety freshmen entering the

University of Arizona in September, 1947.
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};Nf;'TABLEiXIX“ ‘

TABLE OF GRADES IN FRESHMAN SUBJECTS AND SCORES
* IN PSYCHOLOGICAL EXAMINATION

- . Score on Grade in Grade in Grade in
Student Grade in psy. chem, la Eng. engr.
no. math, - test or 2a o draw.
(@) 3 118 5 b b
(2) 3 120 2 3 5
(3) 3 123 3 3 3
() 2 99 2 3 A
5) 1 129 1 2 L
(6) L 99 3 3 3
@« ows a2
,(3) A 120 3 L 3
[5) 2 8, 3 5 3
(10) 1 156 1 2 3
(22) 5 134 5 3 L
(12) 1 127 2 3 3
(13) 1 ijs_ 1 2 3
(14) 5 124, L 5 L
(15) L 83 5 5 3
(16)' A 112 5 5 5
(17) 1 102 1 3 2
(18) 5 126 b A 3
(19) 2 137 1 2 2
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TABLE XIX (cont.)

-

! *2 X3 %l x5
Score on 'Grade in Grade in Grade in

Student Grade in .p8y. “-chem, -la Eng. engr,

‘no., ‘math, test or 2a . draw.
(20) bl 99 L L 3
(21) 1.6 167 2 2 3
(22) 1 132 1 2 1
(23) 3.6 110 2 3 3
(24) L .29 ‘108 5 5 3
(25) 2 126 3 3 3
(26). L.b 121 L L 3
(27) Y. 103 3 3 3
(28) 2.4 135 2 3 1
(29) 2.6 119 1 3 3
(30) 2.6 105 3 5 3
(31) L6 106 5 5 L
(32) 5 81 . 5 5 L
(33) L 132 3 L 5
(34) b ‘122 L 3 -3
(35). 2 .73 3 L 3
(36) 2 1l b 1 3
(37) 1 14k 1 2 2
(38) 1.6 89 L 5 3
39 3 3 3 3
. (L0) 1 125 1 2 2
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TABLE XIX (eont;)’

Jéi‘f _ x'é _xé’ ‘ X, x’5" 4
. Score on Grade in Grade in Grade in
Student Grade in psy.: chem, la  Eng., . engr.:

‘mo.. - math. test  or2a araw.-
(41) 2.4 123 2 2 2
(42} 1 132 1 3 3
(43) 3 137 L 3 3
(bb) 2.5 167 . k4 3
(45) 5 103 5 5 5
(46) 3 107 3 3 2
(47) 1. 114 1 3 2
(48)° I 154 2 3 3
(49) 3.6 @8, L L 3
(450)7 2.6 - 85 3 3 1
(51) 2.4 134 1 2 1
(52} 1 14l 1 3 3
(53) 3 101 5 5 W
(54) 2.6 136 3 3 3
(55)° ol 106 L L 3
(56) - 3 106 1 2 3
(57) 3.4 137 3 3 5
(58) 2 149 2 3 .
(59) 3 155 3 3 3
(60) L6 132 b L 5
(61) 3.6 130 1 2 3
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TABLE XIX (cont,)

X1 *2 X3 X, X5
Score on Grade in Grade in Grade in

Student Grade in PSY. chem, la Eng. engr.

no. math, test ~or 2a ' draw.
”(é?)”-mﬂ.”iét;,”uvwwggéwkMWH.HjM,-_W, _2 . H?
(63) 4 115 2 3 3
(64) 1 145 1 2 3
(65) 12 .70 5 5 5
(66) 1 123 1 3 2
(67) 3.4 ;?6 3 L 2
(68) 1.6 18 2 2 3
(69) - ~- 5 w101 g ey - 3
(70) 1.6 150 2 2 L
(71) 3.6 92 3 5 5
(72) 1 113 2 2 3
(73) 5 72 5 5 5
(74) 1.8 127 3 3 L
(75) 2.8 111 2 L 3
(76} 2 104 3 3 2
(77) 3.6 101 3 L 2
(78) 2 157 1 1 1
(79) 1.8 114 2 2 2
(80) L.L 107 5 5 5
(81) L 105 5 L 3
(82) 2 154 2 3 3
(83) 2 108 1 2 3
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TABLE XIX (cont.)

Xl .Xz XB XLy X5
Score on. Grade in Grade in Grade in

Student Grade in PsSy. chen. la Eng. - engr.
no, math, test or 2a o draw.

(84}  3.875 10l
851w TRy
(86) ! 3  , 131 |
(88) i e
(89) 2 ‘tl¥5:3_

‘99), : .2°h~ ) .:%%3,,_;‘:g

TRF W W
won W W W
WO OE W E W W
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