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PREFACE 

THIs 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 re1stes to their pro­
blems. Effort is made, on the one hand, to give a fairly compre­
hensive account of the principles involved for the use of students 
preparing for practical psychological work in industry, a.ild 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 will realize the 
importance of a careful experimental approach to scientific em­
ployment psychology. 

Sta.tistical methods must of necessity form a part of the discus-: 
sion. Although many persons shy at statistics, they are of such 
wide applicability in employment work that they cannot logically 
be omitted. No assumption of mathematical knowledge, however, 
ill made, and the effort has been to make any statistical discussion 
as simple and as clear as possible. Wherever it has proved feasible 
to describe a method in a general way and relegate the more exact­
ing details to the a.ppendix, this has been 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 occupational 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 
principles to the practical man hu indicated the desirability of dis­
cussing 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, and 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 
Company, New York, for permission to quote from Vocational 
PB1JcJwlogy, by H. L. Hollingworth, Judging Human Character, by 
H. L. Hollingworth, and Applied PB1JMOlogy, by H. L. Holling­
worth and A. T. Poffenberger; to the McGraw-Hill Book Com­
pany, Inc., New York, for permission to quote from Th6 Selection 
and Training oj Salesmen, by H. G. Kenagy and C. S. Yoakum; to 
James P. Porter, editor, for permission to quote from Th6 Journal 
oj Applied PB1JMology; to A. W. Shaw Company, Chicago, for 
permission to quote from Personnel M antlflemtmt, by W. D. Scott 
and R. C. Clothier, and PB1JcJwlogy in BU8ines. Rel<Jtiona, by A. J. 
Snow; and to The Williams and Wilkins Company, Baltimore, for 
permission to quote from Ability to SeU, 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 pa.insta.king scientific technique in employment psy­
chology in contrast with the expeditious but unreIiable 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. 

IiABoLD E. BURTT 
CoLllJIBUB, Omo 
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APPENDIX I 
ILLUSTRATING THE TECHNIQUE OF CORRELATION 

Tim notion of correlation is fundamental in employment psychology. We 
are often concerned with the extent to which two variables or aets of traits 
or measurements are related. We may wish to determine whether or not 
estimatea of a trait made by acquaintances are at all related to estimatea 
made by unacquainted persons judging purely from pbysiognomy. We 
may desire to ascertain to what extent efficiency in a particular mental 
teat 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 ...,. 
tion aims merely to give a simple notion of how correlationa are obtained 
and the meaning of correlationa of different magnitudes. The examples 
cited are made abaurdly brief in the intereatof a~ding tedious arithmetical 
computations. With longer examples, the arithmetical procedure would· 
naturally be more arduous. There are available, however, various short­
cut procedures which are described in books on etatistics. (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 euppoae that these five men make the scores in a mental 
teat indicated in the first culumn and that eome quantitative etatement of 

ELUlPLBI 

,.... lOB TaT lOB R.uno ........ 
N .... So>u Scou R.uno a- D.....-.. no.......... 

So ..... 

Adams ..••••..•. 45 7S 1 3 2 4 
AndreW!! •••••••• 43 80 2 :I 0 0 
Briggs .••.••.... 3S 82 3 1 2 4 
Brown ...•...... 36 63 4 5 1 1 
Doe ............ 34 68 S 4 1 1 

Sum of rank dilIerencea squared 10 

UIl' :&Il'=10 
N(N'-I) N= 5 
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their ability in the job, such as units of production, giv .. the scores indi­
cated in the second column. The problem is the extent to which tbose wbo 
make higb test scores make higb job scores and vic£ ver.a. It is to be 
noted tbat Adams mak .. tbe bigbest test score and is given the rank of 1 
(cf. column beaded "test rank"); Andrews is next best in the test and is 
given tbe rank of 2; Briggs com .. third. If, now, we consider their job 
scores, Briggs is tbe best of tbegroup and is ranked 1 (c!. tbe column beaded 
"job rank "); Andrews is second best and gets a rank of 2, while Adams 
fan. in third place. We may now neglect tbe first two columns and COn­
sider only tbe columns of ranks and determine the difference of rank in eacb 
instance. Adams is ranked 1 on tbe test and 3 on tbe job and tbe differ­
ence between tbese figures is 2 (cf. the column beaded "rank difference"). 
Andrews is ranked two in botb cases, 80 tbe difference is 0; Briggo is ranked 
3 on tbe test and 1 on tbe job and tbe difference is 2. Similarly, tbe differ­
ences for Brown and Doe may be computed. These differences give some 
notion of tbe extent to whicb tbe two series of ranks correspond. If tbe 
difference is as great as 4 or 5, it indicates tbat a person is ranked in one 
trait very differently from tbe way in whicb be is ranked in the otber. If 
tbe difference is arnall, it indicates tbat tbere is a fair correspondence. In 
working out tbe correlation coefficients on tbe baais of tbese data, it is nece&­
aary to square tbe rank differences as is done in tbe last column. The sum 
of tbese squares is tben obtained. Tbe formula for computing the coeffi­
cients is indicated in tbe example. It must be taken on faitb, in tbe 
present connection, but its derivation may be obtainc.-d in various works 
on statistics. (692.) In tbe formula tbe term :s D' means tbe sum of tbe 
differences squared, while N means the number of cases involved - in this 
instance, 5 men. To solve tbe formula it is necessary to take 6 times tbe 
Bum of the differences squared, divide tbis by N times N '-I and tben 
subtract this quotient from 1. In tbe present example this works out to an 
answer of .50. It is rather conventional procedure to carry correlation 
coefficients out 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 otber 
examples are added using similar data that give higher or lower correla­
tions tban tbose of Example 1. Example II, for instance, indicates a case 
of what is termed perfect correlation. Briggs, wbo ranks highest in the 
test, is also highest in the job. Andrews, wbo is second in tbe test, i. 
second in tbe job, and 80 on down to Doe, wbo is poorest in each respect. 
In tbis case there are no differences in rank and the correlation coefficient 
comes out 1.00, whicb 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 perfect tendency for the highest 
scores in one variable to go with the lowest scores in the other. 

ExAMPLE n 

TB8T Jo. Tzaor Jo. Run!: R_ 
N .... 

SCOM Sco .. RAN. R.un!: DDTE .... "" 
DlPP&RENClII 

SQUAlUi:D 

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 ............ 33 62 5 5 0 0 

6xO 0 
p=1 0(25 1)=1-5XU =1.00 

ExAMPLE ill 

TB8T Jo. ..... Jo. R""" R.un!: 
N .... 800 .. Seo .. R.un!: R""" DlFFEaJlHC)II DIFI'ICRENCB 

SQUA.RED 

Adams .......... 46 67 1 5 4 16 
Andrews ........ 43 54 2 4 2 4 
Briggs .......... 38 75 3 3 0 0 
Brown .......... 36 78 4 2 2 4 
Doe .... : ........ 34 83 Ii 1 4 16 -40 

6X4O 240 
5(25-1) = I-Ii X24 = 1-2=-1.00 

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 impossible to predict a IIl&Il'. job rank if his teat rank 
were known. This is re1Iected in the ooefIicient of O. 

..... JOB ..... JOB R.unE N .... 8como Beo"" lWo: R.unE D ......... "" 

AdalDB ...•..•••••• 40 75 3 3 0 
Andrews ....•••..• 48 79 1 2 1 
Briggo •.••....•... 44 85 2 1 1 
Brown ........... . 32 68 5 4 1 
Doe ••.••..•.•.... 37 64 4 5 1 

6X4 24 
,.1-0(25 1)=1-oX24 -1-.2=.60 

N ..... ..... 
8como 

Adams ............ 
Andrews .......... 
Briggs ..•••....... 
Brown ....... ..... 
Doe ............... 

%1>'_20 
N- 6 

43 
48 
37 
39 
31 

ExAMPLE! V 

JOB ..... 
Beo .. &.ME 

86 2 
73 1 
68 4 
77 3 
80 6 

JOD R""" 
R.unE n........... 

1 1 
4 3 
5 1 
3 0 
2 3 

.6X20 120 
p-l-'0(25_1) = 1-5 X 24 -1-1_.00 

R""" 
Drrn:BENCB 

SQ ..... 

0 
1 
1 
1 
1 -
4 

"",,,,, 
D,~ 

SQ ..... 

1 
9 
1 
0 
9 -20 

The method of rank differen098, while a very convenient and relatively 
easily computed correlation procedure, is not ideal because it assum ... thet 
the differen098 between any two adiaoent ranks in one variable are all 
equal. Referring to Adams's teat aoore in Example I, it is actually two 
points better than Andrews's, while' the latter is five points superior to 
Briggs's, but in ranking them it is ... umed that these differences are equal .. 
In this way & atriking superiority or inferiority of eome individual may be 
overlooked. A ltandani method is avaiIablewhich takesinto&OOOWlt 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 criterion, we ..... concerned with 
whether a man who deviates from the average in one respect deviatee cor­
respondingly in the other. In Example VI an illustration is given of the 

ExAHPLlD VI 

DII'VUTIONl!l 
DBVLlTlONS 

SQ • .,... 
PBoDVCTOW' 

NA>OI TB8T c ...... cnt.e! en ... DJ;YlA.rIONB s.. .. BlON Teo< rion Teo< non 

x Y • • .. .. .. 
Adams ••••...... 10 15 +4 +6 16 36 +24 
Aodrews •••.•.... 7 8 +1 -1 1 1 -1 
Briggs .••••...... 5 6 -1 -3 1 9 +3 
Brown .......... . 2 6 -4 -3 16 9 +12 
Doe ••••••••.•..• 6 10 0 +1 0 1 0 

Total ............ 30 45 34 56 +39-1 
Average .•....... 6 9 6.8 11.2 +38 

2.61 3.34 

38 38 
r= 5 X 2.61 X 3.34 = 43.6 =.87 

computation of correlation by the so-caJIed "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 ..... given in the first two columns. Con­
ventional procedure calls these original scores X and Y. 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, etc. Deviations of 
.riterion scores from the average are computed similarly. The deviations 
are denoted by '" and y. The deviations are now squared and .... h 
column averaged. The square roots of these averages give standard 
deviations of 2.61 and 3.34 respectively. CT. denotes the standard deviation 
of the test scores and CT. the standard devistion of the criterion. The next 
step is to take the product of the deviations. For instance, Adams's 
devistion 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'. figures are 
+1 and -1 respectively and the product is -1. These products ..... then . 
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algebraically totaled, giving 38, and we are ready to substitute in the 
formula. :E:r:y denotes the sum of the products of the deviations of .the 
variables- in this case 38; N denotes the number of individuaIe, and ... and 
... the standard deviations of the two variables as above described. 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 
measures 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, tbt, 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 
arithmetiea.l 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 preseot dis­
cussion to describe these. Some involve grouping the data into classes 
rather than using the original scores, some are designed to obviate much of 
the multiplication involved in getting the :r:y 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 discussed in current statistiea.l works. (498, 603.) 
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COMBINING RANKINGS WITH INCOMPLETE DATA 

Tmo need was mentioned in Chapter VI of a technique for combining in­
complete rankings. If, for instance, several foremen independently rank 
a group of work"", as to their ability in the job, but some foremen rank all 
the work"", and others rank only a limited number, it is inadvisahle to 
average the ranks assigned each worker in order to determine his general 
standing. A rank near the bottom of the ecale made by a foreman who 
estimates aU 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 smaUer number. (C!. p. 159.) This same problem may arise in rating 
ecale proeedure, in evaluating application blanks, recommendations, letten! 
of application, or the results of employment interviews, or in any other 
situation where a number of judges make an estimate of something and 
pool their results. 

Vanous methods for combining these incomplete rankings have been 
suggested. (C!. 599, 299.) The one to be described is probably as simple 
and satisfactory 8B any, (473.) It 8BS\lJlles that the ranks assigned by any 
foreman or other judge eonform to a normal frequency curve. When 
dealing with quantitative ratings rather than ranks (c!. Chapter VI), a 
similar 8B8Umption W8B made, and each estimate by a given foreman W8B 

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 beeause they 
were aU loeated on normal frequeney 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 (a). By 
eonsulting tables (derived originaUy by calculus) we find that in a normal 
frequency curve the average of the highest 20 per cent of the individuals is 
thecreticaUy 1.40 a above the average score or estimate; the average of the 
next 20 per cent is .53 a above the average, while the average of the middle 
20 per cent coincides with the average of aU, so its deviation is 0 <T. Simi­
larly, the average of the next 20 per cent of the individuals is.53 u below the 
average or -.53 a, while the average of the lowest 20 per cent is -1.40 a. 
We may then replace the original ranks by these converted figures, thus 
expressing them in terms of standard deviation and making aU such ranks 
comparable regardless of tha number of workers that is ranked. A table 
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may be derived based on the above considerations which gives similar 
figures for converting rankings that involve different numben!. A portion 
of such a table is reproduced in Table LXXIII. It could be carried out to 
include any desired number of individuals. 

TABLE r.xxrrr. FOB CONVEIITING RAN1<S INTO TEBMS OF 8rA!mAllD 
DEVIATIONS 1 

lUxE N17II!ID or hrmnDuALII R.&JfEBD 

• • • • • 7 8 • I. 

1 .80 1.10 1.27 1.40 1.49 1.69 1.67 1.71 1.76 

2 -.80 0 .32 .53 .68 .81 .91 .98 1.1)4 

3 -1.10 - .32 0 .22 37 .59 .60 .68 

4 -1.27 - .53 - .22 0 .18 .29 .39 

.; -1.40 - .68 - .37 - .18 0 .13 

6 -1.49 - .81 - .60 - .29 - .13 

7 -1.59 - .91 - .60 - .39 

8 -1.67 - .98 - .68 

9 -1.71 -1.04 

10 -1.76 

I After Ream. 

In using the table, if a given foreman bas ranked "five men, we look in the 
column headed 5. To the man whom the foreman ranked fiIst we give a 
value of 1.40, to the man whom the foreman ranked second a value of .53, 
and so on. Suppoee the next foreman has ranked onl;!' four men. We then 
use the cohImn headed 4 and give his first man a value of 1.27. To il­
lustrate the procedure a ainIple 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 
workem. The next portion of the table gives these same ranks converted 
into terms of standard deviation by consulting the previous table. The 
last cohImn gives for each man the average of his converted ranks. It may 
be noted that if the origioal ranks had been averaged without 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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TABLI!I LXXIV. ILLllSTR.!.TING COMBINATION OF iNCOMPLETB RAm<s 
BY CoNVEllSlON INTO TERMS OF STANDARD DEVIATION 

O8lonu.L RAxu CONVIUl'I'ZD RAND 

..... .....d ThUd ..... Seoond ThUd Av. of -..... f ....... f ........ f ........ f ....... ........ ""' .. """ """'" 
Adams ..•.. 1 2 1 1.40 .53 1.27 1.07 

Andrews .•• 3 1 2 0 1.40 .22 .57 

Briggs ...•• 2 4 4 .53 - .53 -1.27 - .42 

Brown .. . ~. 4 S 3 - .53 -1.40 - .32 - .75 

Doe ••....• S 3 -1.40 0 - .70 

Other ""hemes for handling this Bort or data are available. One of them 
provides a table simiIar to the preceding, but the results are in terms of 
something anaIogous to percentile BCOres. This obviates the use of deci­
mal points and minus sigus. (225.) The method above described, however, 
is typical of those used for combining ineomplete ranks. 
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ILLUSTRATING THE DERIVATION OF A REGRESSION 

EQUATION 

IN Chapter IX we saw the importance of partia1 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 variablea is worked out in detail by way of illustration 
of the proceea. The equation is that already mentioned on p. 242 for pre­
dicting ability at finishing tirea 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. Theae 
test.. in the previous connection were numbered 3, 5, and 7. In the present 
section, in the intereat of simplicity, they will be renumbered respectively 
2,3, and 4. 

The original correlations of the tests with the criterion and with each 
other (of. Table XXII) are as follows, where 1 is the criterion and 2, 3, and 
4 are the test.. just mentioned. For instance, r" - that is, the oorreIation 

• 3 • 
1 . 51 .~9 -.41 

2 .66 -.24 

3 -.22 

between the criterion and test 2 - is .51, while r .. is .49 and .... is -.22. 
From theae correlations, which are termed "oero order" coefficients, it is 
possible to derive any coefficient of the "first order" like "'~" which means 
the correlation between the criterion and test 2 with test 3 kept constant. 
Such coefficient.. are called "fust order" because there is one secondary 
SUbscript, that is, one subscript after the point or one variable that is kept 
constant. There are always two primary subscript.. before the point. 
From coefficient.. of the first order it is possible to derive those of the second 
order like "'~'" which have two secondary subscript.. or two variables that 
are kept constant. From these we may derive third order coefficient.. 
BUch 88 rlJoMlJ etc. 
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The fonnula used in an such computations is of the fonn: 

-.'1- ria -.'1- ria 
The subscripts of the first tenn in the numerator, it is to he noted, are the 
same as the primary subscripts 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 subscript (3) the same as the secondary suhecript of the 
coefficient for which we are solving. The primary subscripts of this 
coefficient for which we are solving appear also in this second tenn, one in 
each factor. Putting it in another way, we obtain the subscripts of this 
second tenn 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 subscripts that appear in the <lenominator of the 
formula are identical with those in the second tenn of the numerator. 

H we suhetitute in this fonnula the JerO order coefiicients given in the 
tahle above we have: 

.51 - .49 X .66 .51- .324 
,. -= _I ==_~ 1... -.' 1- .49' "1 - .66' ".759 -.'.564 

.. .186 = .186'';;.28 
.87 X .75 .653' 

This tens us that the correlation hetween the criterion and test 2 would he 
.28 if we had persona with identical ability in test 3. In exactly the same 
way the other coefiicients of the first order may he derived. For instance: 

. r .... = -.'l-r' .. -.'l-rM 

Here again it is to he noted that the subscripts of the first tenn 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 subscript (3) appears in both factors and the 
subscripts in the denominator are the same as those in the second term in 
the numerator. Suhetitutiog the zero order coefiicients in this formula: 

- .24 - .66 X (- .22) -.24 - (- .145) 
r .... = .1.1 .1.1 

" 1 - .66' "1 - (- .22)' ".564" .952 

~ - .095 = - .095 = _ .13 
.751 X .975 .732 
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In this same manner all the coefficients of the firat order may be com­
puted. In the present problem they are not all necessary, but those that 
are required for subeequent use are as folio.... Their method of derivation 
is identical with the preceding. 

'.... .28 "... -.34 
''''' .47 "'" -.36 
rJloJ .24 '''' -.13 
rllo' .45 ..... -.08 

From these coefficien1>l of the firat order we may now oompute those of 
the eeoond order. The formula is similar in form to the preceding except 
that we are expressing a coefficient with two eeoondary subeeripts in terms 
at coefficien1>l with one secondary subecript. 

The similarity of this formula to the preceding is obvious. The secondary 
subscript is the sa.ma throughout (2). The primary subscripts of the first 
term in the nomeratorare thesame as the primaryof the coefficient for which 
we are solving (14). The seoomlary subeeript of the coefficient for which 
we are solving that does not appear as a eeoondary in the numerator (3) ap­
pears in both primaries in the second term of the numerator. The pri­
maries (14) of the coefficient for which we are aolving also appear as 
primaries in the second term in the numerator - ooe in each factor. The 
Bubseripts in the denominator are the BBDle as those in the second term of 
the numerator. Substituting the proper values in this formula we have: 

- .34 - .24 X (- .08) -.34 - (- .019) 
r'lI- = 
1· ~1-.24' ~1-(-.618)' ~.942 ~.994 

_ - .34+ .019 = - .321 = -.33 
.971 X .994 .968 

It is po88IDle to compute this same coefficient by another formula as a 
check: 

"U'II- ~l- ril" -./1- ric .• 
This conforms to the specifications mentioned in explaining the other 
formula for, ..... , only it usee a different set of first order coefficients. In 
this case the secondary subseript that appears throughout is 3 instead of 
2. Substituting: 
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- .36 - .28 X (- .13)- .36 - (- .036) 
r ..... = .. It _ .2S' .. It - (-.13)' = ".922 ".9S3 

_ -.36+.036= -.324='_034 
.960 X .991 .951-

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. H further decimals had been ..... 
tained, the check would theoretically be perfect. H the proper ooefIicients 
of the first order are available, it is possible to compute all of those of the 
IIOCOIld order in two ways to detect any mistakes in the wotk up to that 
point. Making eimiIar computation for the other coefficients that are 
n.......-y in the present problem we have: 

r".H .25 
r1l-M .23 
rw-a -.33 

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

.!bur • 

X, .00 .72 
X, 28 10 
X. 19 6 
X. 210 15 

The notation X, indicatee originel Bcoree in the criterion and they were so 
arranged that their mean was 0. Their standard deviation was .72. X, 
denotee score in teet 2. Its average was 28 and its standard deviation 10, 
eto. The formula for the regression equation is: 

The r factors are the partiaJ cotre1ation coefIicients computed previously. 
The "' values represent deviations of a particular messure from the mean 
of that measure, ,." for instance, indicating the deviation of a measure 
from the mean score in test 2. The <T values, which represent the standard 
deviation of a variable with the effect of the others eliminated, must be 
computed thus: 

,r,-::::;1 • 'l ... -a, -r" 
.'.114:= a, VI - ri­
G'.on. = (1. "'1- r~ ,,--, 
•• '111-0'41 l-r .. 

'/1- ": .. , 
./1 - ri •.• 
"1-r;'., 
'/1- rio .• 

-VI - ri.o. 
'/1- ..: ... 
VI - r~ ... ~. 
"1- r: •.• 
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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 ....... 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 the remaining one (4) is brought into the primary. It 
is to be noted that 1 appears as a primary throughout. The other formul .. 
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 uaing as primaries 1 and the primary that ap­
pears at the left of the equation and using all the other variables as second­
aries. The next to the last factor is obtained by ahifting one of the ..,.,.. 
ondaries into the primary, displacing the primary that is not to be 8 

primary throughout. For instance, take ....... The last factor must have 
1 as a primary subscript and also 4 which appears at the left of the equ .... 
tion as a primary. The next to the last factor drops 2 from the secondary 
and puts it in the primary to replace 1. It cannot replace 4 because that 
must remain as a primary throughout. The first factor now has thia 
secondary 3 dropped and moved into the primary, replacing 2. Substitut­
ing the appropriate values ill these equations: 

..... -.72Vl-.51t vr=:iiiV'1 ( .33)' - .72X.862 X.U71 X.9M-.tii73 
"1.,,.-10"1-.661,\11 ( 13}'V'1-.2&-lOX.761X.991X.988-7.15 
.... til - 6~ VI ( .08)1 Vl-,23! - 8 X .751 X .997 X .973 - 4.38 
.~1II-16Vl-(-.22)IVl ( .13)'''1 ( .33)t-16X.975XJNIXJK4-13.111 

We are now ready to substitute in the regression equation. 

.573 .573 .573 
:r, = 7.15 .25 Z. + 4.38 .23:r, - 13.68 .33:11. 

- .02:11, + .03:11, - .014:11. 

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 
substitute in the equation; then, after x. 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. Thia can be done by virtue of the fact that a deviation is simply 
the original score minus the mean, so tbat Xl = X 1 - Mil XI"'" XI - MI. etc., 
where '" is the deviation of the criterion, 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, etc. The mean scores have been given above 
10 that we may make the following substitutions: 
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",,=X,-O 
." = X. - 28 
",.=X.-19 
.,,=X,-210 

Making this transformation we have: 

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

6Z5 

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

Wben more than four variables are involved, the labor of computing the 
coefficients increases, but the procedure above outlined does not bave to be 
followed, for the ... are various sbort cuts available. Even &0 the technique 
of partial corre1ation is tedious, but worth wbile. 

No effort has heen made in the foregoing to present the theory of pertial 
correlation. This lies beyond the scope of the present work. For a dis­
cussion of the tbeory reference is made to Yule (692); for short cuts in the 
computation of partial coefficients, to Kelly (272); and for sbort cuts that 
obviate tbe use of certain coefficients, to Rosenow (490 - appendix). 
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