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PREFACE

. Tws book is an outgrowth, in the first instance, of material used
for several years in presenting principles of employment psycho-
logy to college students, and in the second instance, of practical
experience in personnel work and frequent contact with business
men interested in psychology in so far as it relates to their pro-
blems, Effort is made, on the one hand, to give a fairly compre-
hensive account of the prineiples involved for the use of students
preparing for practical psychological work in industry, and on the
other hand, to avoid a discussion that is too technical for the reader
without a psychological background. This does not mean; how-
ever, that the treatment is superficial. It is hoped, on the con=
trary, that the .business man reading the book wili realize the
importance of a careful experimental approach to scientific ein-
ployment psychology.

Statistical methods must of necessity form a part of the discus-
gion. Although many persons shy at statistica, they are of such
wide applicability in employment work that they cannot logically
be omitted. No assumption of mathematical knowledge, however,
is made, and the effort has been to make any statistical discussion
as simple and as clear as possible. Wherever it has proved feasible
to deseribe a method in a general way and relegate the more exact-
ing details to the appendix, this has béenr done.

The critical psychological reader will notice that no definite
stand has been taken regarding the fundamental points of view
or metaphysical considerations of theoretical psychology. The
author feels that these problems are not germane to the present
discussion. The important thing is to predict oecupational success
whether this is construed from the standpoint of mind or muscle,
It is pragmatically justifiable to speak of a “test of attention’ re-
gardless of the ultimate nature of attention or whether such a cate-
gory exists at all. The employment psychologist’s task is to arrive
at his practical goal regardless of the route taken. Most of us en-
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gaged in this field are too busy with our own problems to solve the
fundamental issues with which other psychologists are better qual-
ified to deal. In the following discussion it will probably be found
that the methods are for the most part objective, but that the ter-
minology is conventional. Experience in presenting psychological
prineiples to the practical man has indicated the desirability of dis-
¢ussing them in terms of everyday vocabulary.

A work of this sort naturally draws rather heavily from experi-
mental material contributed by many psychologists. Such studies
as are referred to are cited mainly for illustrative purposes rather
than in the nature of a critical review. To this end little mention
is made of many details such as the time limit for a mental test, or
the actual number of persons involved in a particular experimental
study. This is done in order to avoid confusion from too many
figures, und does not detract appreciably from the illustrative
value of the citation. Reference is always made to the biblio-
graphy, however, so that the critical reader may, if he wishes, con-
sult the original article and evaluate it for himself.

The author is indebted to all those who have contributed their
bit to the body of psychological knowledge in this general field and
whose results have been drawn upon rather extensively. He is
especially indebted to H. L. Hollingworth, W. D. Scott, and A. J.
Snow, whose contributions have been quoted more extensively.
Grateful acknowledgment is likewise made to D. Appleton and
Compeny, New York, for permission to quote from Vocational
Psychology, by H. L. Hollingworth, Judging Human Character, by
H. L. Hollingworth, and Applied Psychology, by H. L. Holling-
worth and A. T. Poffenberger; to the McGraw-Hill Book Com-
pany, Inc., New York, for permission to quote from The Selection
and Training of Salesmen, by H. G. Kenagy and C. 5. Yoakum; to
James P. Porter, editor, for permission to quote from The Journal
of Applied Psychology;, to A. W. Shaw Company, Chicago, for
permission to quote from Personnel Management, by W. D. Scott
and R. C. Clothier, and Psychology sn Business Relations, by A. J.
Snow; and to The Williams and Wilkins Company, Baltimore, for
permission to quote from Ability to Sell, by M. J. Ream, and from
The Journal of Personnel Research.
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It is hoped that the book will show the practical man the im-
portance of painstaking scientific technique in employment psy-
chology in contrast with the expeditious but unreliable methods of
unscientific pseudo-psychology. On the other hand, it is hoped
that students who expect to pursue psychology in a practical way
will find herein a fairly adequate background for plunging further
into details.

Harorp E. BurTr

Corouzus, Om10
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APPENDIX I
ILLUSTRATING THE TECHNIQUE OF CORRELATION

TaE notion of correlation is fundamental in employment psychology. We
are often concerned with the extent to which two variables or sets of traits
or measurements are related. We may wish to determine whether or not
estimates of a trait made by acquaintances are at all related to estimates
made by unacquainted persons judging purely from physiognomy. We
may desire to ascertain to what extent efficiency in a particular mental
test is related to efficiency in a job. The ultimate aim is usually to predict
one variable in terms of another; hence the need for expressing quantita-
tively the relation between the two variables. The correlation coefficient
is the standard technique for expressing this relation, The present sec-
tion aims merely to give a simple notion of how correlations are obtained
and the meaning of correlations of different magnitudes. The examples
cited are made absurdly brief in the interest of avoiding tedious arithmetical
computations. With longer examples, the arithmetical procedure would -
paturally be more arduous. There are available, however, various short-
cut procedures which are described in books on statistics. (498, 603.)
One of the simplest correlation procedures is that involving rank differ-
ences. Given two series of measures it is possible to rank them both and
get the differences in the rank. Consider Example I, which gives data on
five men, Let us suppose that these five men make the scores in a mental
test indicated in the first column and that some quantitative statement of

Exarie 1
N Tesr Jom Test Jon RANE Rame
AME Scoas .R.ur: Banx | Dorrsaxwca Dsm

Adams. .,....... 45 75 1 3 2 4
Andrews. ... ... 43 | s0 | 2 | 2 0 0
Briges.......... 3s 82 3 1 2 4
Brown.......... 36 63 4 5 1 1
............ 34 63 5 4 1 1

Sum of rank differences squared 10

- 82D ZD=10

e Fa-1) N=5

6 % 10 0 .

rel-smon - ek T W=
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their ability in the job, such as units of production, gives the scores indi-
cated in the second column. The problem is the extent to which those who
make high test scores make high job scores and vice versa. It is to be
noted that Adams makes the highest test score and is given the rank of 1
(cf. column headed *test rank™); Andrews is next best in the test and is
given the rank of 2; Briggs comes third. If, now, we consider their job
scores, Briggs is the best of the group and is ranked 1 (cf. the column headed
*job rank”}; Andrews is second best and gets a rank of 2, while Adams
falls in third place. We may now neglect the first two columns and con-
sider only the columns of ranks and determine the difference of rank in each
instance. Adams is ranked 1 on the test and 3 on the job and the differ-
ence between these figures is 2 (cf. the column headed “rank difference”).
Andrews is ranked two in both cases, so the difference is 0; Briggs is ranked
3 on the test and 1 on the job and the difference is 2. Similarly, the differ-
ences for Brown and Doe may be computed. These differences give some
notion of the extent to which the two series of ranks correspond. If the
difference is as great as 4 or 5, it indicates that & person is ranked in one
frait very differently from the way in which be is ranked in the other. If
the difference is small, it indicates that there is a fair correspondence. In
working out the correlation coefficients on the basis of these data, it is neces-
sary to square the rank differences as is done in the last column. The sum
of these squares is then obtained. The formuls for computing the coeffi-
cients is indicated in the example. It must be taken on faith, in the
present connection, but its derivation may be obtained in various works
on statistics, (692.) In the formula the term = D* means the sum of the
differences squared, while N means the number of cases involved — in this
instance, 5 men. To solve the formula it is necessary to take 6 times the
sum of the differences squared, divide this by N times N *—1 and then
subtract this quotient from 1. In the present example this works out to an
answer of .50. It is rather conventional procedure to carry correlation
coefficients cut to two decimal places. This particular coefficient indicates
a fair degree of correlation, which, of course, is obvious from inspection of
the original data, but it would not be 80 obvious if a large number of in-
dividuals had been involved. For purposes of comparison several other
examples are added using similar data that give higher or lower correla-
tions than those of Example I. Example II, for instance, indicates a case
of what is termed perfect correlation. Briggs, who ranks highest in the
test, is also highest in the job. Andrews, who is second in the test, is
second in the job, and s0 on down to Doe, who is poorest in each respect.
In this case there are no differences in rank and the correlation coefficient
comes out 1.00, which is the maximum possible, This indicates a per-
fect correspondence between the two variables.

Example III presents a perfect negative correlation. Adams, who is
best in the test, is worst in the job, and Andrews, who is second best in the
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test, is second worst in the job, and so on down to Doe, who is worst in the
test and best in the job. This, of course, makes the differences in rank as
large as possible and the coefficient is ~ 1.00, which is the maximum pos-
sible negative coefficient. It indicates a periect tendency for the highest
scores in one variable to go with the lowest scores in the other.

Examrrr I
Teor Ranx
Nom | COG | soomn | Rank | Ravk | Dotaawes | DETovercs
Adams.......... 38 | 74 3 3 0 0
Andrews. . ...... 43 | 79 2 2 0 0
Briggs.......... 45 | 82 1 1 0 0
Brown.......... 36 68 4 4 0 0
Doe......oooon. 33 | 62 5 5 0 0
ED'=0
V=8 o 0
x
p=l-grr =13 =10
Examerr ITT
Naxs Soons | Scomn | Rawx | Hawx | Drsnawcs |DI7ERENCE
Adams.......... % | 67 1 5 4 16
Andrews ........ 43 | o4 2 4 2 4
Briges .......... 38 75 3 3 0 0
Brown.......... 36 | 78 4 2 2 4
............. 3¢ | 83 5 1 4 16
40
I =40
N= 8§ 6X40 240
e=l-gmson=l-gxm=1-2=-10

Example IV involves a correlation of .80, which is not perfect, although
very high. There are slight discrepancies in rank, enough to spoil the per-
fection, but from inspection it is obvious that there is a very close relation
between the variables and this is reflected in the high coefficient. Exam-
ple V indicates a 0 correlation — that is, a situation in which there is no

. apparent relation between the two variables. Inspection reveals that it
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would be practically impoesible to predict a man’s job rank if his test rank
were known. This is reflected in the coefficient of 0.

Examrrr IV
RaNk
Naum Txsr B{.'%:l Tzer | Job D"Rm . Dé:mm-
Adams............ 40 75 3 3 0 0
Andrews.......... 48 79 1 2 1 1
Briggs............ 44 85 2 1 1 1
Brown,........... 32 68 5 4 1 1.
Ceratinnensanas a7 64 4 & 1 1
4
ZDA=4
y=5 86X 4 24
X
e=l-ggs-n=1"sxm=1 2=
"Examrre V
NK
Nascs Scoan | Scomn | Hwk | Hawx |Doerinis | DyrERsrcs
Adamas............ 43 86 2 1 1 1
Andrews. ......... 43 73 1 4 3 9
Briges............ 37 68 4 5 1 1
Brown..,......... 39 (ki 3 3 0 0
Doe.ooveiinana.., 31 80 & 2 3 9
20
ZDr=20
M=5 exa 120
p=l~fpme =1 =gz =1—1=00

The method of rank differences, while & very convenient and relatively
easily computed correlation procedure, is not ideal because it assumes that
the differences between any two adjacent ranks in one variable are all

‘equal, Referring to Adams’s test score in Example I, it is actually twa
pointa better than Andrews’s," while the latter is five points superior to
Briggs's, but in ranking them it is assumed that these differences are equal.,
In this way a striking superiority or inferiority of some individual may ba
overlooked, A statdard method is available which takes into acoount the
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actual magnitude of the scores. Instead of merely considering whether a
person who is best in the test is best in the eriterion, we are concerned with
whether s man who deviates from the average in one respect deviates cor-
respondingly in the other. In Example VI ar illustration is given of the

Examern VI
DEvIATIONS
e | DeyiaTioNs r SQUARED %mnwcr or
Nawm Scoms | mow | Test | Ctite | pee | Cpite- | TEVIATIONE
X Y =z v L ' =y
Adams,......... 10 15 +4 | 46 |18 36 +24
Andrews.........| 7 8 +1 | -11]1 1 -1
Briges........... b 6 -1} —-37]1 9 + 3
Brown........... 2 6 —4 —3 116 9 +12
Doe.uviannscnns. [ 10 0O} +11]0 1
Eot.a.l ............ 32 43 3% 8 ?? 9 igg-l
verage. .... R 88112,
- Zzy Zzy=238 er= 2,01
Neg oy N=b oy=3.34
38 38
T X ZhLX33A e

computation of correlation by the so-called “products-moments” (that is,
products of deviations) method. The first part of the computation is iden~
tical with that previously described in connection with standard deviation
(p. 161), The original scores are given in the first two columons. Con-
ventional procedure calls these original scores X and ¥. The average of
each column is computed. The third column gives the deviations of each
test score from the average test score. Adams's score of 10 is 4 greater
than the average of 6, that is, its deviation is +4; Andrews's test score of
7 is 1 above the average, while Briggs's is 1 below, ete. Deviations of
criterion scores from the average are computed gimilarly. The deviations
are denoted by z and y. The deviations are now squared and esch
column averaged. The square roots of these averages give standard
deviations of 2.61 and 3.34 respectively. ¢ denotes thestandard deviation
of the test scores and o, the standard deviation of the eriterion. The next
step is to take the product of the deviations. For instance, Adams’s
deviation of +4 in the test is to be multiplied by the corresponding devia~
tion of +6 in the criterion, giving a product of 24. Andrews’s figures are
-+1 and —1 respectively and the product is —1. These products are then
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algebraically totaled, giving 38, and we are ready to substitute in the
formula. Z gy denotes the sum of the products of the deviations of .the
variables — in this case 38; N denotes the number of individuals, and o and
@, the standard deviations of the two variables as above deseribed. Sub-
stituting in the formula the coefficient of .87 is obtained. This has taken
into account the actual magnitude of the original measures and not merely
their relative standing. It is to be noted that if a given individual's
messures are both above or both below the average, the product of the
deviations will be plus and the numerator of the fraction in the formula
large, while if one is above the average and the other below, thr product
will be negative and the sum of the products will be somewhat decreased
and the coefficient lowered. This type of coefficient gives probably the
best indication of the relation between the two measures and is very widely
used in all the most careful statistical work.

The foregoing example may be misleading as to the simplicity of the
arithmetical work involved. When there are 50 or 100 individuals in the
correlation, the work of computation becomes very considerable. In such
cases there are, however, various short-cut procedures which decrease very
appreciably the routine work. It is beyond the scope of the present dis-
cussion to describe these. Some involve grouping the dats into classes
rather than using the original scores, some are designed to obviate much of
the multiplication involved in getting the zy term; some obviate the
necessity of computing deviations at all, and others are especially devised
for use with some particular type of computing machine. Some of these
methods are dizcussed in current statistical works. (498, 603.)
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COMBINING RANKINGS WITH INCOMPLETE DATA

THE need was mentioned in Chapter VI of a technique for combining in-
complete rankings. If, for instance, several foremen independently rank
& group of workers as to their ability in the job, but some foremen rack all
the workers and others rank only a limited number, it is inadvisable to
average the ranks assigned each worker in order to determine his general
standing, A rank near the bottem of the scale made by a foreman who
estimates all the workers contributes a more severe penalty to the average
than does a rank near the bottom of the scale by a foreman who estimates
a smaller number, (Cf. p. 159.) This same problem may arise in rating
scale procedure, in evaluating application blanks, recommendations, letters
of application, or the results of employment interviews, or in any other
situation where a number of judges make an estimate of scmething and
pool their results,

Various methods for combining these incomplete rankings have been
suggested. (Cf. 599, 209.) ‘The one to be described is probably as simple
and satisfactory asany, (473.) It assumes that the ranks assipned by any
foreman or other judge conform to a normal frequency curve. When
dealing with quantitative ratings rather than ranks (cf. Chapter VI}), &
similar assumption was made, and each estimate by a given foreman was
converted into its deviation from the average estimate made by that fore-
man divided by the standard deviation of his estimates. Such converted
estimates made by different foremen were then comparable because they
were all located on normal frequency curves and the properties of such
curves are universal.

These same principles are applicable when the estimates are in the form
of ranks. Suppose five workers have been ranked by a foreman, and it is
desired to convert these ranks into terms of standard deviation (o). By
consulting tables (derived originally by calculus) we find that in & normal
frequency curve the average of the highest 20 per cent of the individuals is
theoretically 1.40 o above the average score or estimate; the average of the
next 20 per cent is .53 o above the average, while the average of the middle
20 per cent coincides with the average of all, so its deviation is 0 0.  Simi-
larly, the average of the next 20 per cent of the individuals is .53 o below the
average or —.53 o, while the average of the lowest 20 per cent is —1.40 o
We may then replace the original ranks by these converted figures, thus
expressing them in terms of standard deviation and making all such ranks
comparable regardless of the number of workers that is ranked. A table
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may be derived based on the above considerations which gives zimilar -
figures for convertmg rankings that involve different numbers. A portion
of such a table is reproduced in Table LXXIIL. It could be carried out to -
include any desired number of individuals.

TasLe LXXITI. For ConveErrTiNe Ranks iNnTo TERMS OF STANDARD
DEviaTiONs !

Rawvx Nuunen or Inprvipvats Raxsxn
2 ] 4 b 3 7 8 9 10
1 .80 1.10}f 1.27| 1.40] 1.49( 1.59| 1.67| 1.71| 1.76
2 |—.80 o] .32y .53} .e8{ .s1| .91 .98] 1.4
3 -1.10}— .32 0 .22 37 .59 .60 .63
4 -1.27{— .33|— .22 0 .18 .20 .39
5 ~1.40{~ .68|— .37|- .18 o 13
6 ~1.49|— .81{— .B0|— .29]— .13
7 —-1.59|— .91|— .60}~ .39
8 —1.67{— .98|— .68
9 -1.71|—-1.04
10 -1.76
3 After Ream.

In using the table, if a given foreman has ranked five men, we look in the
column headed 5. To the man whom the foreman ranked first we give a
value of 1.40, to the man whom the foreman ranked second a value of .53,
and so on. Suppose the next foreman has ranked only four men. We then
use the column headed 4 and give his first man & value of 1.27. To il-
lustrate the procedure a simple example is given in Table LXXIV. The
left portion of the table gives the original ranks assigned to the workers
by three foremen. The third foreman, however, ranked only four of the
workers, The next portion of the table gives these same ranks converted
into terms of standard deviation by consulting the previous table. The
last column gives for each man the average of his converted ranks. It may
be noted that if the original ranks had been averaged withoui conversion
Brown and Doe would have the same average of four. With the converted
ranks, however, Brown is somewhat inferior to Doe.
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TasLe LXXIV. ILLUSTRATING COMBINATION OF INCOMPLETE RANES
BY CoONVEESION INTC TERMS OF STANDARD DEVIATION

OniaiNaL Ranxs CoNVERTED RaNks

- . Av. of

First !Seeond ;l;h;‘ﬁ“ 'F‘irst Becond M‘n m:nf:d

Adams...,. 1 2 1 1.40 .03 1.27 1.07
Andrews. . 3 1 2 0 1.40 .32 57
Brigga..... 2 4 4 83 {— .53 [-1.27 | — .42
Browm..... 4 & 3 - .53 |—1.40 |~ 82| — .75
Doe....... 5 3 —1.40 0 - .70

Other schemes for handling this sort of dats are available. One of them
provides a table simijlar to the preceding, but the results are in terms of
something analogous to percentile scores. This obviates the use of decis
mal points and minus signs. (225.) The method above described, however,
is typical of those used for combining incomplete ranks.
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ILLUSTRATING THE DERIVATION OF A REGRESSION
" EQUATION

In Chapter IX we saw the importance of partial correlation and the re-
gression equation for weighting a number of tests in order to get the best
possible prediction of vocational aptitude. A brief indication of the
technique was given in that connection. In the present section a regres-
sion equation in four variables is worked out in detail by way of illustration
of the process. The equation is that already mentioned on p. 242 for pre-
dicting ability at finishing tires on the basis of three tests — cancelling
adjacent pairs of numbers whose sum is 10, finding consecutive numbers
arranged irregularly in a square, and simple visual reaction time. ‘These
tests in the previous connection were numbered 3, 5, and 7. In the present
;ec;ion, (;:; the interest of simplicity, they will be renumbered respectively
) Oy A0d %

The original correlations of the tests with the criterion and with each
other (cf. Table XXII) are as follows, where 1 is the criterion and 2, 3, and
4 are the tests just mentioned. For instance, i3 — that is, the correlation

2 3 ]

1 .51 .49 -.4
.66 -.24

3 —-.22

between the criterion and test 2 — is .51, while 1y, is 49 and ry 8 —.22.
From these correlations, which are termed *sero order” coefficients, it is
possible to derive any coefficient of the “first order” like ryss, which means
the correlation between the criterion and test 2 with test 3 kept constant.
Such coefficients are called “first order” because there is one secondary
subscript, that is, one subseript after the point or one variable that is kept
constant, There are always two primary subscripts before the point.
From coefficients of the first order it is possible to derive those of the second
order like riy-y, which have two secondary subscripts or two variables that
pre kept constant. From these we may derive third order coefficients

such as riz.ay, eto.
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The formula used in all such eomputations is of the form:
Tig— Ty Ty
Vi-¢, V1-— i,

Fis=

The subscripts of the first term in the numerator, it is to be noted, are the
same as the primary subseripts of the coefficient for which we are solving.
(12.) The second term in the numerator is the product of two factors.
Each of these has a subseript (3) the same as the secondary subseript of the
coefficient for which we are solving. The primary subseripts of this
coefficient for which we are solving appear also in this second term, one in
each factor. Putting it in another way, we obtain the subscripts of this
second term by combining the secondary subscript of the coefficient for
which we are solving (3) first with one of its primaries (1) and then with
the other (2). The two subscripta that appear in the dencminator of the
formula are identical with those in the second term of the numerator.

If we substitute in this formuls the zero order coefficients given in the
table above we have:

T .51 — 49X .66 51—~ 324
BN - 49 V1— 660 V750 V564
186 186, —

CeIXa5 653

This tells us that the correlation between the eriterion and test 2 would be
28 if we had persons with identical ability in test 3. In exactly the same
way the other coefficients of the first order may be detived. For instance:

Tea = Tz T

e T 1o,

Here again it is to be noted that the subseripts of the first term in the nu-
merator are the primary subscripts of the coefficient for which we are solv-
ing (24), these same primaries appear in the second term — one in each
factor — while the secondary subseript (3) appears in both factors and the
subscripts in the denominator are the same as those in the second term in
the numerator. Substituting the zero order coefficients in this formula:

. — .24~ 66X (- .22) —.24— (- .145)
NP -6t V1-(—.22 V564 Y.952
— 095 —.095

, = = = -1
Y751 X 975 732 3
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In this same manner all the coefficients of the first order may be com-
puted. In the present problem they are not all necessary, but those that
are required for subsequent use are as follows. Their method of derivation
is identical with the preceding,

firg 28 Tien -3
Tiag A7 Free -—.30
Tiaz 24 Yaip -.13
rae 45 ™ma —J08

From these coefficients of the first order we may now compute those of
the second order. The formula is similar in form $o the preceding except
that we are expressing a coefficient with two secondary subscripts in terms
of coefficients with one secondary subscript.

r .2 = Tia.s Taus
e ™ V1~ Fisa v1- L
The similarity of this formula fo the preceding is obvious. The secondary
subscript is the same throughout {2). The primary subseripts of the first
term in the numerator are the same ss the primary of the coefficient for which
we are solving {14). The secondary subseript of the coefficient for which
we are solving that does not appear as a secondary in the numerator (3) ap-
pears in both primaries in the eecond term of the numerator. The pri-
maries (14) of the coefficient for which we are solving also appesr ss
primaries in the second {erm in the pumerator — one in each factor. The
subscripts in the denominator are the same as those in the second term of
the numerator. Substituting the proper values in this formula we have:

~ 34~ 24X (- 08) ~.34~(~.019)

Tun= 128 Vi- (- .08 V912 V994
- 344019 - 321
TTeTIx 954 | .968

It is possible to compute this same coefficient by another formuls as &
check:

=-.33

P11 Treg Taug

flon™ ¥1 v1

This conforms to the specifications mentioned in explaining the other
formula for r 141, only it uses a different set of first order coefficients. In
this case the secondary subseript that appears throughout is 3 instead of
2. Bubstituting:

: .
= Fizg = Tua
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~ 36~ 28X (—.13) — 36— (—.036)
Vi- 28 Vi-(-13¢ V.002 V983

- .36+.036  —.324 .

“To60x 991 851

This checks approximately with the result of the other formula. The
difference of .01 is due to the fact that the coefficients of the first; order were
computed merely to two decimal places. If further decimals had been re-
tained, the check would theoretically be perfect. If the proper coefficients
of the first order are available, it is possible to compute all of thoese of the
second order in two ways to detect any mistakes in the work up to that
point. Making similar computation for the other coefficients that are
necessary in the present problem we have:

Tun=

-4

M 25
i3 23
T —.33

Before we can compute the regression equation we need to know the
average (or mean) of each variable as well as its standard deviation (o).
These figures are as follows: :

Mmn o
5 o0 a2
X3 28 10
b 19 6

X, 210 15

The notation X, indicates original scores in the eriterion and they were so
arranged that their mean was 0. Their standard deviation was .72. X,
denotes score in test 2. Hs average was 28 and its standard deviation 10,
ete. The formula for the regression equation is:

Ti.a

_ Tim Oy.a3q 1
- ~PpuZrt T P T+
Ta1m [ PR

Tun
2134 ‘

The r factors are the partial correlation coefficients computed previously.
The z values represent deviations of a particulsr measure from the mean
of that measure, z,, for instance, indicating the deviation of a measure
from the mean score in test 2. The o values, which represent the standard
deviation of a variable with the effect of the others eliminated, must be
computed thus:

Trom = 0 v1- Th vi-r, Y1- Tien
T = 0y v1- T v1- Tia vi- Tisu
Coan=0y V1 —r5 V1—ri, VI—-ri.
Oran ™ 7, vi- T vi- Tiis v1- Tiem
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The first factor in each product is the ordinary standard deviation of the
variable whose number appears as the primary subscript at the left side of
the equation. In oy the first subscript is of the zero order (12); the next
one is of the first order and is obtained by putting the 2 into the secondary
and bringing in another primary (3); for the last factor the 3 goes over into
the secondary and tbe remaining one (4) is brought into the primary, It
is to be noted that 1 appears as a primary throughout. The other formule
embody the following principles: The subscript that appears as the
primary at the left of the equation remains as a primary throughout. The
last factor always has 1 as one of its primaries. Hence the last factor can
always be determined by using as primaries 1 and the primary that ap-
pears at the left of the equation and using all the other variables as second-
gries. The next to the last factor is obtained by shifting one of the sec-
ondaries into the primary, displacing the primary that is not to be a
primary throughout. For instance, take oyu. The last factor must have
1 as & primary subscript and also 4 which appears at the left of the equa-~
tion as a primary. The next to the last factor drops 2 from the secondary
and puts it in the primary to replace 1. Ii cannot replace 4 because that
must remain as a primary throughout. The first factor now has this
secondary 3 dropped and moved into the primary, replacing 2. Substitut-
ing the appropriate values in these equations:

Cran = T2V 1— 514/ 1— 241 4/1 — (— 33)0 = 73 X 862 X 971 X .Md= 573

gz = 10 V1= 661 4/ 1= (— 1310 4/1— 258 = 10 X .751 X OD1 X D68 = 7.15

Fpape = 841 — 86 V11— (—.08)7 V1 — 237 m § X 751 X 007 X678 = 438

i = 15V 1 = (— 2213 /1 — (— 18] V1 — (— 333t = 15 X 975 X 991 X JH4 =13.08

Wo are now ready to substitute in the regression equation.

573 573 573
=715 25’=+m 2B~ 136533 %

There is one further step to take before the equation is in its most useful
form. As above given, it involves the deviations of the scores from their
mean rather than the actual original scores, If it were to be used in this
form, it would be necessary to convert each measure into a deviation and
gubstitute in the equation; then, after z, had been obtained, to convert it
back into terms of actual score. It is better to make a single transforma-
tion for the whole equation so that original scores can be substituted in it
directly. This can be done by virtue of the fact that a deviation is simply
the original score minus the mean, so that z; = X, — M), 72 = Xy — My, ete,,
where z, is the deviation of the oriterion, X, the original score, and M, the
mean of the criterion soores, and the same meaning is attached to z,, the
deviation of a score in test 2, ete. The mean scores have been given above
50 that we may make the following substitutiona:
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n=Xl—-0
Hn=X,-28
3:==Xa—19
&=X4—210

Making this fransformation we have:

X;—0=.02 (X;— 28) +.03,(X; — 19) —.014 (X, — 210)
X, =.02 X,+ .03 X;— 014 X+ 1.82.

This is the final form of the regression equation, and if a given applicant
has taken the three tests his scores may be substituted in this equation to
obtain his most probable score in the criterion. (Cf. p. 238.)

‘When more than four variables are involved, the labor of computing the
coefficients increases, but the procedure above outlined does not have to be
followed, for there are various short cuts available. Even so the technique
of partial correlation is tedious, but worth while.

No effort has been made in the foregoing to present the theory of partial
correlation. 'This Jies beyond the scope of the present work. For a dis-
cussion of the theory reference is made to Yule {692); for short cuts in the
computation of partial coefficients, to Kelly (272); and for short cuts that
obviate the use of certain coefficients, to Rosenow (490 — appendix).
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trade test for, 451.
Average deviation, 160.
Aviators, tests for, 54, 208, 245.

Billers, tests for, 251.
Binet, 49, §9.
Blonde and brunette traits, 38.
Bricklayers, trade tesat for, 452, 454.
Bureau of Public Parsoanel Administra-
tion, 58, 496.
Cabinet workers
trade test for, 451.
tests for, 251,
Carpenters, trade test for, 453.
Character analysia. See Physiognomy.
Civil service, 495.
Clerical workers

rating scale for, 343, ‘

tests for, 246, 278,
Clothing operators, intelligenoce of, 279.
Cooks, trade tast for, 452.
Codperative research, 492.
Corroction of ratings, 347,

Correlation
interpretation of coefficient, 29, 213.
methods
products-moments, 199, 515.
rank-difference, 188, 511,
seatter plot, 200.
procedure, 29,
test with criterion, 198,
Criteria, combining heterogeneous, 156
f., 517.
Criterion
availability of, 142, 174,
estimates by superiors, 143,
miscellanecus typea, 154 .
need of, 141, 505.
production figures, 150 ff,
Critical scores
in intelligence, 283.
in special capacity tests, 209, 221.
upper, 291.

Dacision, tests of, 78.
Defined groups, rating by, 334, 422.
Defining traits in rating scale, 326 ff.
Designer in ateel, occupational deserip=
tion, 481,
Deviation
average, 160.
standard, 161, 164.
Dial machine operators, tests for, 193 ff.
Directions, tests of following, 80,

Electrician

storage battery, trade test for, 458,

wireman, trade test for, 460.
Emotion, tests of, 81.
Employment psychology

fundamental principle, &

where valuable, 8.
Engineers vs. salesmen, interests of, 308.
Error, standard, 211.
Estimates by superiors as criterion, 143.
Executives

intelligence of, 279.

rating scale for, 332, 334, 341,
Experience, previous, 173.

Feather factory workers, testa for, 2562,
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Firemen, teats for, 258,
Follow-up of tests, 280.
Fool-proof tests, 19a.

Gold bricks, 14 ff.

Graphic rating scale, 337 £, 423.
Group tests, 103.

Guessing answer, probability of, 131.
Gun pointers, tests for, 207,

Halo effect, 36, 3568.

Height of salesmen, 388.

Hierarchy of occupations, 265 fI.

History of vocational psychology, 46 fI.

Hoilerith machine operators, tests for,
251.

Honesty, tests of, 83.

Hospital attendants, tests for, 259.

Incentive in tests, 126, 173,
Individual differences, interest in, 46.
Individual tests, 101.
Information test as measure of interest,
301, 313.
Ingenuity, tests of, 78.
Initial success in job prognostic of latter,
383.
Intelligence
of departments in an organisation,
273 .
kinds of, B7.
nature of, 88.
of occupational groups, 265 ff,
optimum vs. maximum, 285 ff.
and physiognomy, 33 ff.
quotient, 98.
and stability, 287,
surveys, 276.
tests of, 89 ff. )
tests in job analysis, 485,
and vocational aptitude, 265 £,
Intorest
and sbility, 10, 296.
evaluation of measures of, 307.
measuroment of, 298 ff,
permagence of, 295.
questionnaire, 208.
Intorview
ernployment, 414 ff
giving information in, 424,
improvements in technique, 418,
for job analysis, 470.
unrelinbility of, 415.
Interviower
for job analyeis, €71,

]
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Interviewer, rating seale for use of, 419,

Janitors, tests for, 259.
Job manlysis, 193, 467 ff.
interview, 470.
interviewer, 471,
need, 468,
purpose, 467.
work sheet, 475,
Journalists, tests for, 260.

Laboratery for employment tests, 195,
508.

Lathe operators

tests for, 208.

trade tests for, 440,
Learning, tests of, 70.
Letter of application, 401 ff.
Linear scale criterion, 146.

Machinists, trade test for, 454.

Maladjusted worker, social implications,
10, 507,

Man-to-man rating scale, 329 ff., 420.

Marital statua of salesmen, 394.

Mechanical aptitude, tests of, 94 ff.

Mechanical interests va. social, 312

Memory, tests of, 75.

Mental components of ocoupation, tests
for, 226 ff.

Mental tests. Ses Tests.

Motor control, tests of, 64.

Motormen, tests for, 50, 205, 208, 2.

Multiple correlation, coefficient of, 239 ff.

National Research Council, 58, 495,
Normal frequency curve, 162 f.

Objective score, 196.

Objective traits ve. subjective, 856,

Qccupational description, 479. Ses alo
Job analysis.

Occupational groups, intelligence of,
265 fi.

Office boys, intellizence of, 978.

Officers' rating acale, 330,

Omnibus test, 96.

QOrientation of psychologist taking up
employment work, 158,

Painters, trade test for, 451.

Partial correlation, &5, 1385,
520 f.

Pattern makers, trade test for, 450,

Percentile scores, 97, 260,

233 4.,
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Peraonal history blank, 386,

Personal history factors in wocational
prediction, 386 ff., 397.

Personnel Research Federation, 58, 496,

Phrenology, 21 £.

Physiognomy
commercial systems of, 27, 42,
experimental study of, 28 ff.
popular belief in, 25.

Policemen, tests for, 259.

Provious experience and wvocational
prediction, 385.

Probability of vocational succeas, pre-
diction of, 210 fI.

Production figures as eriterion, 150,

Psychological Corporation, 58, 496.

Public speakers, tests for, 260.

Quartile, 266.
Questionnaire
interest, 208,
job analysis, 470,

Railway postal clerks, trade test for,
457.

Ranking workers in eriterion, 145.
Ranks, averaging, 517.
Rapport, 114, 186, 419.
Rating scale
interviewer's, 419.
in job analysis, 484.
rmethods
defined groups, 334 ff., 422,
graphic, 337 ff., 423,
man-to-man, 329 ff., 420.
officers’, 56.
purposse, 317.
Ratings, corroction of, 347.
Reaction time, tests of, 72.
Reasoning, tests of, 77.
Recommendation blank, 413.
Recommendations, 408 fi.
Regression equation, 204, 238 &., 520 ff.
Reliability
of criterion, 149.
of lettars of application, 402,
of rating scale, 345 .
of tests, 136, 107,

Balesmen
intelligence of, 274, 280.
interest tests for, 314,
tests for, 248, 457,
©a. engineers, interesta of, 308,
Bampling of subjects, 176 £.
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Schoo! marks and voeational success,
372 ff.
Self-estimates, 408.
Sensory capacity, tests of, 87.
Sensory defocts, 182,
Sexes, idtelligence of, in office, 276.
Sex of subjects, 178,
Silk mill operatives, intelligence of, 282,
Social interests vs. mechanical, 312,
Space perception, tests of, 74.
Speed vs. accuracy score, 130.
Spiritualism, 18. :
Standard deviation, 161, 184.
Standard error of estimate, 211.
Stenographers
tests for, 250,
trade tests for, 456.
Subjective traits vs. objective, 356, .
Subjects used in evaluating teats, 172 ff.

il

1 Telegraphers, tests for, 208, 243, 254,

Tealepathy, 19,
Telephone operators, tests for, 50, 208,
248, 253.
Temperament, testa of, 84.
Tests
administration of, 101 ff.
capacity sa, proficiency, 62, 431.
early development of, 48.
general nature of, 60.
general vs. special capacity, 62,
incentive, 126.
instructions, 120 f.
in job analysis, 485,
limitation on response, 111 ff.
material
alternative, 119,
arrangement, 117,
difficulty, 115 &,
method of response
oral, 108.
performance, 108,
proficiency vs. capacity, 62, 431.
rapport, 114.
reliability, 136,
georing, 127 ff,
sensitivity, 119.
speocial vs. general capacity, 62,
time limit, 111.
type of response, 108 ff,
work limit, 112,
writtan method, 107.
Time clerks, trade test for, 455,
Tire Anishers, tests for, 227,
Total mental situation, tests for, 104 &,
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Trade fest, 55, 431 ff,
calibration, 446.
in job analysis, 485,
kinds, 434.
methods of developing, 438 f.
need, 431, ’
oral, 434, 450.
performance, 435, 459,
picture, 434, 453.
written, 435, 454,
Training of raters, 362,
Traits
defining in rating acale, 326 fI.
aeloction of for rating scale, 320 ff,
Typesetters, tests for, 253,
Typists, tests for, 240.

Validity
of letters of application, 408,
of ratings, 353.
of tests, 198.
Yocational guidance vs, vocational seloc=
tion, 8.

‘War, psychology in the, 51 ff,
‘Weavers, tests for, 252.

Weighting tests, 55, 231.

Weighting traite in rating scale, 328,
‘Wireman, trade test for, 460,

Work sheet for job analysis, 475,
Worker in his work unit, 8.



