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PREFACE

The day has passed when a company is willing to
assign to a job any person that comes into its eaployment
offices. With the labor market easing slightly, competi-
tion increasing, and production costs at an extremely high
level, there is a growing pressurs on those responsible
for exploying labor to izprove their selection methods.
To such persons, testing represents a necessary addition
to present employment practices,

The most likely users of tests, personnel gana-
gers, have long been aware of the value of tests and of the
largs quantity of written information concerning tests. Dut
the essential fundamentels of testing - its background, its
classifications, and its technlical usage ~ have never been
brought together in simplified form in a way that such users
could have convenient reference to 1t.

‘ For the most part, inforzation about tests is
usually found in single chapters of books dealing with per-
sonnel management or in studies reported in periocdicals,

In some cases, entire texts can be found which deal with
testing or with special phases of testing. However, these
latter books are usually written by psychologists and are
written on a professional level. Personnel nanagers need
information of a more practical sort and have not the time
to study many texts in order to sbsorb enough background
about teats to understand them. There is a need for written
material in the vocabulary of the personnel managers, short
enough for them to astudy.

wWhat is the background of tests and how have they
developed? wWhat is the nature of the various factors tested,
such as intelligence and personality? Wwhat is the relation~-.
ship of those factors to job success? And, how can test re-
sults be interpreted?

These general ideas led to the development of this
thesis, , v

Edward Sprunt Hamilton
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CHAPTER I
GENERAL BACKGROUND

A, Introduction

All humans have measurable differences in physical character-
istics, abilities, attitudes, intelligence, personality, and interests,
Because of this two individuals cannot be expected to perform a job in
the same way, ‘ , v

In a routine check-listing operation on adding machines in
one bank an analysis of the records showed a variation in the number of
checks listed per error from 758 to 2,788, The best operator listed
1,578 checks per hour while the poorest listed cnly 1,076. When these
operators were employed, without the benefit of testing, they were con-
sidered as equally good risks.

in gnpther department where employees count currency by hand,
the volume per day ranges from 14,000 to 21,000, In other words, the
best currency counter counts 50 percent more than the poorest. Here too,
from the standpoint of the bank's existing employment practices, there
was no way to predict t.hie distinction,

| Cbvicusly, Af personnel testing can help a campanj select more
exmployees who fall near the high end of such records and fewer who fall
at the low end it will be worth while,
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The application of testing tol f.he solution of such a problem is
not as easy as it sounds, It must Se determined what aspects of intelli~
gence, motor akills,v visual skills, pérsénauty, ard interest are present
in the superior 'adding machine operators and currency counterﬁ. And it |
@st be deternined h:.m:well tests can actually identify the superici'

~employees.,

. Not only does attention have to be given to basic differences
such as intelligence and skill but to their finar coamponents. One person
might show extreme ability in making rapid arithmetical calculations and
little ability in recalling recently learned material, Another might show
egpeed and endurance in major arm movements and yot lack finger dexterity.

Azong applicants might be found one with a 'eooperative nature
and a tendency for calimess and anéthér wﬁo was quarrelsome and easily
irritated, | | |

Ai for interests, refer again to the a}dding machine operators.
What particular interests has the top operator which distinguish her fiom
the low one? Do the upper half of the coperators have a dist.inctj.ve interest
profile? And if tests ean reveal this profile, caa't the ratio of selecting
the better‘ operators ﬁe i@prdved? | |

The importance of placing each individual in 8 job at which he
can best demonstrate his abilities and for which he is best suited from a
personality stardpoint 1s receiving more attention from industries because
it can mean lower costs and fewer supervisory problems. Despite the fact
that industry has been previously aware of certain differences in training
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and skill as far es individuals are concerned, it cannot be said that
industry as a whole is ready to accept the help of testing in meeting thie
problem as subseguent datg will indicate,

Industries which reiy on the interview as the most common means
of selecting and placing employeea have recently begun to mlize that few
of an individual's basic capacities and interests can actually be detected
by the inf.arviuwing proceas,

Typical Methods of Judging Men

A common technique of choosing and placing men is the use of
what is called "judgment.” This includes the use of an individual's
opinion from observations in determining the existence of particular
abilities in a person. Responsible supervisors remark "I can usually tell
by loocking at a girl whether she will make a good adding machine operator.®

In addition to applying "judgment" men have fallen tack on any
number of so-called sciences to aid them in selecting others, includingi

fpstrology, chance as ranifested in the drawing of straws, casting
of lots, or the flipping of a coin, chiromacy, character analysis,
divination, fortune telling, graphology, horoscopes, intuition,
magic, mediums, mind reading,omens, occultism, oracles, phrenology,
physiognony, premonitions, sorcery, racial superiority, and sub-
conscious hunches.nl |

Several experiments have shown the unscundness of jJudgment as
a basis for selection of employees, Cook mentions one of these experiments

in referring to the study by Stuart Rice in 1929 in which 2,000 homeless

“IScott, W. D., Clothier, R, C., Mathewson, S, B., Sprisgel, W. R.,
Personnel Management, McGraw-Hill Book Co., New York, 1941, pp. 147-149.
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men were being interviewed.2 In this experiment one of the interviewers
was a Prohibitionist ard another was a Socialist, although both were well
trained and conscientious. - The personsl bias of each man cbviously entered
into his formation of opinions during the interviews because the Prohlbi-
tionist found that 62 percent of the men attributed thelr downfall to
liquor and the Soclalist found that only 22 pereent did, Conversely, the
Socialist found that 39 percent wers in need because of the existing in=-
dustrial situation while the Prohibitionist fourd that this reason was
applicable to only 7 percent. Apparently, people belleve about others
whatever they want to belleve,

o Another experiment mentioned by Scott shows the glaring differ-
ences of opinion between men who consider themselves good judges of men.

#Arrangements weré made for 13 industrisl executives of major rank,
each of whom prided himself con his ability to chocose men, fron as
pany different companies, to meet and seleot the best saleamen
from a group of 12 applicants. In doing so each was directed to
interview each of the 12 applicants privately, use whatever pro-
cedure or method he wished, then rank them from 1 to 12 in the
order of his preforence, _

"Qlaring differences of opinion preclude the possibility of all
these gentlemen bsing good Judges of men! MHesers. A and B, for
inatance, pronounced applicant IV the best man of the group,
whereas Mr, G ranked him 11, ¥r. K chose applicant V as the dest
man, but ¥r, H ranked him 10 and ¥Mr. B ranked him 12, Applicant
VIII was ranked 1 by ¥r. E, 10 by Mr. G, and 12 by Mr, F.n3

It is not too astounding that such differences result when we

recall that humans m}gamral have an amazing range of prejudices, such

2Cook, David W., "Peychology Challenges Industry," Personnel Series No,
10;, Awmsrican Management Association, :
Seott and others, op., cit., pp. 145-147.
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as that all redheads lose their tempers easily or that individuals raised
in poverty are 1ndus£rious.

In another expei'immt of the same type similar instances were
found:

#31ix district managers of one company were called together and
instructed to select the best men from 36 individuals and to -

- rank them in order of superiority. The managers! standards
were identical; t.hair industrial em'ironmmt was also the aame.
“lixcellent agreament was reached on applican’o IV but applicant
I on the other hand was ranked 1.5 (tied for first place) to
1lth; applicant V was ranked from Brd to 28th place; applicant
XIII from 3rd to 23rd; etc,"h

Other experiments of this type would show that relying on the
Judgment of several persocns results in very little agreement between them
as to which person is the beat applicant,

An industry is primarily interested in the presence of the differ-
ences between individuals rather than the basic causes of them. It should
be noted, however, that both heredity and environment contribute separately
to the development of these differences. Furthermore, since environment
continues to mold what has been left by heredity and brings about continu=~
ing changes in these differences, the differences do not necessarily remain
constent in an individual,

"The concept of individual differences is concerned with basie
differences in capacity which are of importance in every phase of industrial

placamnt."5 These basic differences determine productivity, promotability,

thidi’ po M?
5Tiffin, Joseph, Irxﬁuatrial Paychology, Prentice-Hall, Inc., 1946, p. 1




-b -

versatility, and accuracy. One of this paper's contentions is that the
use of paychological tests provides a more accumi;e method of predicting
the existence or absence of different traits ainong individuals. |

In the title of this paper attention has been focused on certain
limitations of testing by the phrase "testing as a tool,® It is apparent
t_hat testing :alon'eﬁ cannot supply an adequate answer to the questicn of
whether an individual is well suited for a job, Satisfactory selection
and placement require that testing be corbined with other techniques of
selection such as interviews, application blanks, and experience. Tests
should serve more as an addition to the regular employment practices and
possibly as & point of departure for certain aspects of the ordinary em-

ployment interview, Tests, along with experience, merit ratings, and
interviews ,‘ will merely improve selection and placement,

It is desirable to 1limit what is meant by the purpose of tests
in this paper to the following general statement; "Discovering the extent
to which an applicant possesses the abilities and qualities which 'organl-
gational needs are to irpose upon him Af he is placed in a particuler work
aituatian.“6

In a recent speech before a group of personnel administrators
Dr. David HW. Cock pointed out that industries are "reluctant to use improved

t

bnationsl Industrial Conference Board, Inc., New York, "Experience With
Eaployment Tests,? Studies in Personnel Policy, No. 32, 1941, p. 5.
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methods of selecting and placing employees,"7 although reports show that
there is a slight inereasevin the number of industries now beginning to

set up testing programs, In 1940 one writer listed only 8 companies which,
to his knowledge, were making systematic and extefxsive use of tests in the
selection of employees.8 In an actual survey in 1935, the National Indus-
trial Conference Board rsported that of 2,452 companies employing over L%
million persons only 7.3 percent of the companies were using tests. Four
years later the Conference Board polled 2,700 firms einploying nearly 5
million persons and found that at least 14 percent of the firms had testing
programé.9 | ‘

Apparently a good many personnel managers feel that testing can
be used successfully only by firms employing a large number of workers,
 The relationship between the size of the firms and the use of tests is
indicated in the following Atable. The question asked in this instance
was TAre employment or placement tests used as a regular feature of your

| employment program am?nl0

TGook, David W., "Psychology Challenges Industry," Personnel Series
No. 107, American Management Association.

Bjueius, Michael J., Personnel Management, Richard D. Irwin, Inc.,
Chicago, 1947, p. 201.

9Lishan, John M., "The Use of Tests in American Industry: A Survey,”

Personnel, January, 1948, p. 305.
10Iishan, op. cit., p. 306.




NO TESTS UNQUALIFIED YE3 QUALIFIED YES
Percentage . Percentage
of o
Percentage unqualified qualified
of ®no® Hyeg" fyesh
Huzber - replies Humber replies  Number _ replies
Less than 250 . « 45 B 7 N 0 0 2 5
250=ThS « « « o « B8 27 5 1 7 16
T750=1,499 ¢« « « o 58 18 10 . 22 6 13
1,5&'2)999 N _— 5‘0 17 8 17 lO 22
3,000-7,999 « « « 50 16 11 2 7 15
8,000-14,999 « . 14 5 6 13 5 i1
15,000-29,999 « « & 1l 2 4 4 9
30,000 and over . 7 2 4 9 L 9

Inasmuch as studies referred to by Mr, lishan were not mede on
~ a valid statistical basis to ‘obtain & sample representative of American
industry, it is imposeible t.o draw any conclusions applicable to industry
es & whole and as he points out, it can hardly be said that a trend of
any kind is discernible,

As a matter of fact, the above informaticn is the least important
point which should be considered in discussing the question of testing ae
an effective tool. The decision should not be based on how many firams do
or do not employ tests but rather on whether the particular test in question
will give a valid measurcment of the qualities being tested and whether
those qualities are needed in a particular employee situation.

‘ " In the field of clerical employment there has been & more recent
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n

survey conducted by the Office Management Association of Chicago.
this survey 59 companies stated that they now have a testing program; 60
do not have and never had a testing program; and 5 firms have abtandoned

testing. Most frequently mentioned positions for which tests are given

are: stenographic, h’]; typing, hﬁi clerical, 433 machine operativa » 283
filing, 23; messenger, 16. Seven of the reporting firms gave tests for

all positions. ' '

_ | It. is probably safe to say that attmpta to increase unit pro-
ductivity through the uge of psychological tests in the sslection of
employees have not kept pace with the increasing significance of unit
productiv.{t,y in our present day economy. Personnel managers still seem
prone to overlook the usefulness of tests to augment a personnel program
" although a good’testing program can accomplish the following things:

A. Measure the extent to which an applicent's
" abllities and disabilities fit him for job
demands, .
B. Check on reported emrience;.
c. ijectively compare applicants.
D. Aid in setting up standards for employment
~ procedure in such a way that prediction can
be traced, chacked, and progressively improved , 12
There seeus to be adequate evidence that tests are helpful in

employment, placemzent, and in training. In the employment phase, tests

1iThe Management Review, American Management Aasociatian, New York,

Septeaber l s D l&58¢
igors, Paul, and Myers, Charles A., Personnel Administration,
A Point of View and A Method, Mc(}raw Hill Book Co., Inc., New York,

1947, p. 1hl.




are particularly useful in the screening of applicants, The following
taﬁlen shows a typical result of testing:

Class Average iength
flumber of Wages of Service
Employee % of Average (Months)
13 0ld employees, passed test 116.1 32
10 01d employees, failed test 93.6 24
16 Bew exployees, passed test 974 2
(not trained)
9 New exployees, passed test 113.3 1/2
(trained)

It can be seen that within two months the employees who were selected
by tests but who had not been trained by the company had earned more than
older employees who failed the tests but had been with the company an average
of 2 months. Those who had been trained and tested had earnings in 1/2
month close to those who had been with the company an-average of 32 months.
Sometires even an extrecely simple test can be helpful in the
screening phase of employment. For example, & nuuber checking test given
to 12 applicants for jobs with duties involving the listing of checks on
an edding machine produced scores ranging_fmm 87 to 154. The test scores
were not disclosed to the manager who supervised the training and work of
all 12 girls. Of those scoring below 110, 3 were released on the recommen-
dation of the manager for unsatisfactory work and a fourth is about to be

13prake, C. A., and Oleen, H. D., "The Technique of Testing," Factory
Management and Maintenance, March 1938, p. 78.
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released, Those with aeox;es over 130 have been commended for thelr

~ progress. Even on such & small scale it would appear advisable to aet
a score from 110 to 130 as the minimum for individuals going into such
work and in this way screen out most of those with a limited chance of

~ success,



h » Hiﬂtor! .

Perhaps the earliest instance of the uge of tests in measuring
individunl differences was carried out by Professor J. M. Cattell at
Columbia University in 1896 when tests wera given to 100 freshmen, From
that point until World War I the development ’ot testing can best be de-
~seribed as experimental with extmsivé canbribuﬁima from the Civil Service
Commlesion. This Coumission began to give examinations in terms of school
subjects during the period prior to 1900 to indicate degreea of merit on
which basis the Comuisasion was empowered to aelect ezaployaes. As nb_jec—-
tions grew to these acadenic tests on the grounds that they were not
related to the jobs to be filled, the questions on the tests were re-
written 8o that they had reference to & particular job. Practieslly no
other types of tests appeared before the development of psychological
test methods during World Wer I. |

There wers a few requesta from industries to colleges for help
in sclving selea‘bim: problems dealing with at.udsnea » switehboard aperatora »
salesmen, bank employees, and others which sarv@d as & stimulus to the
various merimtal programs., One of the first experiments carried out

in answer to one of these requests was performed by Professor Hunsterberg



of Harvard in developing & psychological test for selecting streetcar
mtormm.u‘

As these experiments began to show successful results, interest
and activity} in this direction increased and business men as well as psy-
chologists became struck with its potentialities. As Hunt stated, this
was the starting point #for the development of a mmber of similar tests
énd for the beginning of & wide spread cooperation between the science
of psychology and industry in the sclution of industrial problazm."l5

" From this type of test thers was very little change until the
impetus to psychological methods given by the first world War. The
development of these types of neasurement for recruits represented the
largest scale application of psychological methods to a selection problem
that had ever been undertaken, |

| The psychologists had been asked by the army to prepare mental
alertness tests which would point out those recruits capable of learning
new sikills quickly and to weed ocut those recruits whose intelligence was

mﬁunt, Thelma, Meapurement in Psychology, Prentice Hall, Inc., 1936,
pe 265, Hunt describes Hunsterberg!s early experiments in tasting motor-
men for strestears, The test consisted of setting up several cards with
lines and numerals on them representing a street with the various condi-
tions of pedestrians and vehicles, The numbers represented the number
of steps required to bring the object into the path of tae strectear and
the color of the numbers indicated whether the objects were moving parallel
to the car or at right angles. The cards were expcsed on & balt turned by
a crank and the subject had to pick out those objects which were potentislly
dangerous bacause of proximity and speed ard direction. The score wae
measured by the number of errors and the tinme,

15Ibidv, P 2650
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8o low they would be dangerous to the army, and to set up methods to
select candidates for comulssions.

In sddition to these tests, psychologists were called on to
conduct investigationa in the development of specialized tests for avi-
ation and for other more technical ocoupations. HMost of these investi-
gations later served as starting points for testing developments in the
field of selection in varlous occupations after the war.

Pollowing the war, the Civil Service Coamission established
a Resesrch Division in 1922 which began to work on a series of mental
alertness tosts for use in sslecting public persomnel. Later, as it
began to be clear that the relationship between abstract intelligence
and success on the job was not high enough to rely on that factor alone,
adaptations were made in the general intelligence test by the use of
specialized terminology. These adaptations brought about a test with
a better selective value. An outstanding example of this stage of test-
ing history is the test developed by Telford and Moss for the soelection
of city policenent

#(1) Chservation - Show applicant piecture of collislon
between streetcar and en automobile, require him
to study it for a limited time, ask him several
questions about it without letting him refer to the
picture. :

(2) Memory - Show the applicant a large nuxber of photo-

graphs with names under thiem and later require him
to identify the unnamed photographs,

- (3) Comprehension - fequire applicant to answer questions
based on printed selections from laws, ordinances,
and police regulations,

(4) Judgment - Give applicant multiple choice questions

dealing with situations requiring judgment, For

example, 'If a policeman considers himself unfairly
treated by his sergeant and gets no satisfaction
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when he explains to the sergeant that he is not
treated fairiy, he should:

Refuse Lo obey any orders given by the sergeant.

S

Invite the sergeant to meet him when both are off

A

duty so they can settle the matter themselvea,
At the first opportunity report the matter to his
lietenant and ecaptain. 16

. immediately hand in his resignation.' ¥

From this phase of specialized tests it was a loglcal step to
the next phase in the trend of testing: achievement or trade tests in
objective form, These teste were designed for testing applicants for
positions in which high intelligenco and special aptitude were not
enough. Principally, they were short answer tests for selecting workers
for such jobs as chemists, bacteriologists, hospital workers, ete. The
' Research Division of Civil Service continued its efforts along these
lines,

The use of toests began to incre;ae after World War I and it
is probable that this expansion was one of the reasons why testing fell
into bad repute in later years, It has been sald that many types of
pecple with little or no experience in testing or in the interpretation
of test results made use of the tests and expected too much {rom then.
As a consequence, many firus wrote off testing as another useless fad.

As pointed out by Geott and cthers, from 1919 to 1933, the
scientific testing program went through a period of consolidation,?

““I0Teiford, Fred, and Hoss, F. A., "Suggested Tests for Patrolmen,®
Public Peraonnel 3tudies, 1924, Volume 2, p. 112.
I7gcott and others, op. cit., p. 152.
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Those firus that "toyed® with tests aftor 1919 discontinued them by
1933. In 1931, 1932, and 1933 studies showed tests were used in only
L to 8 percent of the organiszations studied,18

1810id, p. 153
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C. Limitations and Classification of Tests

As industry and psychologlsts began to devote more attention to
studying the human element, it was an admission that machines could be
used best by properly selected men - an admission that subsequently became
a by-word of advanced personnel administration, '

In defining a test as "a process of measurement by which it is
hoped to determine hml well a person has done on something or may do on
something in the rutum,"19 Jucius ealls attention to several other per-
tinent aspects of toota: first, that they are merely samples; second,
that they are measures of past efforts or predictors of future events; and
third, that decisions should not be based on the results of tests slone,

Psychological methods are not infallible due to the vory varia-
bility of the subject tested -~ humans, Because of this caution must be
used in relying on tests for effective selection., GCenerally speaking,

 the usefulness of a test will depend on two things: whether the test
measures the particular thing that it $s designed to measure and whether
it measures it accurately and consistently. In psychological terms, these
elements are called validity and reliabliity and will be discussed more
fully in a later section of the paper,

Another factor to be considered in the use of tests is the per-
centage of the present employses who are satisfactory. If, for example, ocne-
half of the present employees are satisfactory, any increase which can be

19Jucius, op. cit., p. 201,



achieved in the percentage of satisfactory employees by the use of the
teat will Nault in improvement. And the amount by which the percentage
of satisfactory employees hirad} is above 50 percent will be indicative
of the functional value of the test,20

Classification of Teston

One danger in attempting to classify tests is that a test may
be thouzht of as falling within a particular pigeon hoie ard as having
1;!:%.10 rilatimship to tests in the next classification. Another hazard
in studying types of tests is to assume that the title is exclusively
desctiptive. It should be rmamberéd that "the label attachéd to‘ a test
gives no guaranteo of its adequacy as 8 selection tool for any particular
type worker, 4k

- Examples of t.his isnet statement are the McQuarrie Hechanical
Aptitude Test, parts of which have been found effective in selecting
office workers, and the Minnesota Test for Clerical Workers which has
sone value :Ln'aslecting many types of factory workers,

| | ﬁmmhaleaa, it is essier to study the use of tests by setting
up some sort of classification framework. Tests inay be clasaified accord-
ing to the manner in which they are givent group or individualj instru-
mental or paper &nd pencil. Or they can be classed on the basis of what
they attempt to measure, for example: “aptitude, capesity, or latent

20 Discussed more fully in Tiffin, Op. Oite, pp. 37=40
% Hational 1nduatrialyconfmnca’85§rd}"rné.’:p_o_aﬁ eit., p. 6.



ability to learn if given training; achievement, how well one can do &

Job or what he knows about 5,1:»."22

There are almost as many classifications of tests as there are
books on the subject of testing. Cleeton and Hason divide tests into
general ability, speclal ability, trade, interest, and ‘pcrsonnlity.zB
Pigors and Myers sob up a classification of perforzancs, aptitude ($ncludes
general level of intelligence), and temperacent or persmality.zh Beaunmont
pakes & more ambitious attempt at establishing o classification by the
following:

8, Tests of existing tralits
1, Ability
(a) Information
(b) skill
2, Adjustment
30 Attitude
4. Inberests _
b. Tests of potential traits
1. Cenoral capacity
2. B8pecific capacity (3§cretar1a1,
mechanical, eta,)

Wost writers include s place in their clasaifications for

the personality tests despite Yoderts opinion that their relisbility is
unsatisfactory eince adults adapt answers to what thoy think they should

221‘1.?:12)' O ﬁcg P 23 :
23¢1eaton, Glen U., and Hason, Charles W., Executive Ability = In

Discovery and Develooment, the Antioch P'ress, Yellow Springs, QOhio,
19 » Chap. V, Ps 154.

Pigors, Paul, end Myers, Charles A., Personnel Administration, A
Point of View and A Nethod, HeOraw Hill Hook Co., Inc., New York, 1947.
- @bBeaumordt , Heary, The Payehology of Personnel, Longmans, Green, and
Co., Hew York, 1945, Chap. III, pe 51.
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’bs.% And there iz consistent agreement azeong writers that the tests
measure either acquired skills or the csapacity for acquiring ekllls,
An adequate classification by Scott and others is along the
following lines:
(1) Tests to measure the ability to understand
and use ideas,
(2) Tests to measure the sbility to understand
and operate things and mechanisus,
(3) Tests to meagurs the ability to understand and
manage men, '
However, a division of tests into intelligence, manual abilities,
visual aculty and skill, personality, and interests is satisfactory for

the purposes of this paper,

20Ycder, Dale, Personnel Management and Industrial Relations, Prentice-
Hall, Inc., 19"&6, Pe 184, )

273cott snd others, op. git., pp. 155-156. This classification is
expanded in the text along the following lines: (1) - ability to under
etand and to use ideas, These ideas include: the material cut of which
are made all abstract and general thinking; all chemical formulas, legal
decisions, and sclentific principles; all the higher forms of thinking
that differentiate the human from the anlmaly all plans, programs, values,
and logleal thinking such as similar and dissimilar, profit and loss,
cause and effect, and right and wrong, IY is spoken of as common azense,
verbal intelligence, ingenuity, practicability, and educabilitiy,
(2) -ability to understand and Lo manage things znd mechanisas includess
the motor control essontial for skilled handworkj the mechanieal iwsgina-
tion essential for the cresting snd for using cozpllcated blueprintss
coordination of hand and eye essential for rumming a nachine whether it
be a typewrlter, & printing press, & bicyele, ¢r an sivrplane,
(3) - the ability to understand and manage men includes: that which is
ordinarily called ttact! and 'diplomacy’; a winning and ingpiring
personality; interest in people and eagerness to serve them; and insight
into motives and ability to appenl to the sympathies and dominating
motives in others,”



Test Adninistration

There are several important precepts concerning tests which
it is convenient to group urder the title of "idministration.” 3ome
of these should be examined briefly in order that the elementary lan-
guage and principles of tests can be understocd,

Testing, per se, cannot insure adequate selection., It must
be preceded by job analysis; the tests mugt. be accompanied by good ad-
ministration; and the resulis must ba recorded properly and in a sanner
easy to interpret. Purthermore, the tests thenselves rust be tested.

As for the job enalysis, it is essential that it precede the
tosting program to find what ias being done on a job before designing a
test for the job. The skills, sptitude, and other characteristics that
are ugsed on the job and that the test will attempt to measure must be
noted, The tests which are selected or developed should have reference
not only to a particular job but to a particular company as well because
of differences in job variations and in local conditions.

Since any job requires more than one ability to perform it well
and since no single test can be expected to measure all of the noeded
capacities or avilities, it is better to use a coubination of tests. At
this point, the question will arise of just which tests to combine in the
test battery, FPor example, a grouping of tests might be made to obtain

a picture of general aptitude as follows:
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ia) Finger dexterity or manipulative skill
b) Accounting aptitude - clerical aptitude
(c) Ability to visualize structure

(d) Tweeger dexterity

20) Inductive reasoning

tg Creative imagination

gg Visual memory

(h) Cbhservation

i) Personsality

(3; Tonal memory<d

28Jucius, op. cit., pp. 212-213, The author also mentlons the
following a3 typical batteries:

executive

Por inspectors -
(a) The Minnesota rate of manipulation test to moasure hand
and finger dexterity. ,
(b) The Purdue hand precision test to check coordination o
hard and eye,
(e) Tests of reaction time and strength of grip.
(d; Steroascopical vieion testn.
(e) Measures of height, weight, and age were also recorded,
For supervisors -
(a) Tests of mentel ability
él) English vocabulary | :
2) Otis Yelf Administering Test of Mental Ability
(b) Test of personality
(1} Personality inventory .
(2) Vocational interest bland.
(e) Tests of visual perception
(1) ¥innesota Vocational Tost for Clerical wWorkers
Test 1 (Mumber checking)
Test 2 (NHame checking)
(2) Revised Minnesota Paper Form Board Test
To measure vocationsl aptitude for sales, technical, and
ability -
Grand information test
Arithmetical reasoning test
Judgrent in estlmating teat
Symbolic relationships tests
Reading comprehension tests
Vocabulary test
Interest inventory
pDominance-submigsion
Independence~dependence
Bxtroversion-introverasion
Sociability
Judgment of human nature
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It should be remembered that the personality of the tester has
a great deal to do with the reaction of the applicant. The tester must
be able to approach the test with a completely objective technique but
with an understanding of humans, It is equally as important that the
porson taking the tests be placed completely at ease and that every trace
of nervousness be dispelled, The person glving the test must "have human
sympathy and self-gontrol. There must be sincere appreciation of human
weaknesaes and a capacity for quiet and keen observation of behavior, 27

When the program is first introduced, either during the experi-~
mental phase or as a completed package, the worker will, as a rule, want
to be reassured about the funotion of the program as it applies to him as
an individual., He should be convinced that all the test résults will be
confidential and that the tests will not be used to hias detriment,

The manner in which the results are presented is important.
Briefly, the results can be expressed in arithmetic terms or in verbal
terms such as percentiles, ranks, norms, ete. In the case of verbal terzs,
the accompanying disé.dvanbages are that many people are unfamiliar with
these terms and that the scores are hard to visualize,

An alternste means is to portray the results graphicelly as in
the "profile® chart., This is prepared by drawing a connecting line

25Leake, M. Hartin and Smith, Thyra, The Seientific Selection and
Training of Workers in Industry, Isaase Fitman and Sons, Ltd., London,
1932, p. 12,
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between the various test scorss and enables one to see st a glance Just

where the testes scored with respect to the ecritical limits.
Testing for Executive Abilities

| The field of applying testing techniques to the choovsing of
exscutive talent is being explored more intensely, As far as the companies
are concerned, it is being done as a matter of efficiency. Why select a
pan and spend years in training hin and expend woney on his development
only to find that he does not have the qualities for successful adminis-
tration of exeeative duties? Testing in this area has not been too en-
couraging and Cleeton and ¥ason suggest that it is probebly due to lack
of understanding of the experimental procedures necessary in developing
valid measuring devices.’O However, Social Research, Inc,, headed by
Burleigh Qardner, reports that it has the answer to‘ spotting executive
failures in advance, As reported in Newsweek magazine, Soclal Research
measures the traits whieh may cause executive failure by administering
a "thmaéti.c-apparception testt developed at Harvaéd and the University
of Chicago, The subject is shown ten pictures and asked to tell a story
about each, describing whai has happened, what is happening, and what
the outcone will be, 3t (Those familiar with testing will note a simi-
larity to both the Rorshach technique and the psychodramas of diagnostic

paychiatry.)

~ 30Cleston and Mason, op, cit., p. 131. - ,
31Hmweek, ‘IDl. mII’ gGo 3’ July 19‘ 19:03, pp. 57"'58.
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Testing as an Ald in Training

Testing has helped strengthen training programs by indicating

 who should be trained, where training should begin, and whether training

has been adeqmta.32

32In Jucius, op. cit., pp. 205-209 we find several good examples of

specific use of tests in answering those questions about training:

Score on 100
Electrical |
Information //////

Test

n (1) - Learning costs of employces who had scored lowest on a
finger dexterity test, as measured by a simple peg board, averaged
359 vefore they earned the minimum hourly rate on a piecework
basis. Those with highest finger dexterity incurred a learning
coat of £36.40 before making the rate,

{(2) - On a simple measurement question asked about an illustration
showing some blocks adjacent to a scale, it was found that 70% of
650 applicants were unable to read 1/32 of an inch, Obviously,
training would be wasted in these cases unless the training was
started at a low enough level to teach measuring fundamentals.

(3) =~ By pre-establishing a measure to indicate when a person
has sufficient lmowledge to handle s particular job it is possible
to deteraine how many hours of training are ordinarlily required
to attain the desired score., For example, if anyone with a score
of 80 can be considered as ready to be turned loose on the job,
then training would bs needed for about 200 hours."

T

60 /

40

20

0 100 200 300 400 500 600
Hours of Instruction



‘ CHAPTIR IX
THE VARICUS TYFES OP TESTS
A. Introduction

The Pive Divisions of Testing

|  The development of tests for use in selection and placement of
employees has been in five general fields, each field concerned with a
human characteristic which has been found to have a relationship to voca-
tional success: manual abilities, mental abilities, keenness and skill of
vision, personality, and interests, Of these, the moat extensive develop~
ment has been in the field of testing intelligence, or mental abilities,
probably because this type of test was developed earliest and firat held
promise of bé:lng serviceable, Currently, the field of personality testing
is undergoing the most rapid development and psychologists are trying out
many new tests to measure paracmdl adjustment in hope that they may be
adaptable later to industry.

Testing for Fxisting Traits and Potential Traits

The field of testing may be more easily pictured if it is
divided into two broad categories, testing for existing traits and testing
for potential traits. The testing of an individual for existing traits
is the less difficult task for the measurement is to determine what has
been gained from previous ezg;erimce. A problematical sltuation is
presented to which the testee responds by drawing on his experience for
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a solution, Presumably, in & field in which he is experienced he will
possess not only ‘more information but more skill as well, An attempt
to measure the existence of personality traits is made by deteminins
how a person reacts to circumstances and events and comparing it to the
reactions of individuals whose personality ad justment has been proven,
The prosence or absence cf attitudes and interests could be ascertained
in & similar fashion through the use of written questions.

But the measurement of potential traits is a more complex
problem since the assumption must be made that if a number of basic capa-
cities exist, under certain conditions, other abilities will develop,
Since the development of these other abilities is dependent to some degree
on factors which are not éubjeet. to control, the measurement process is not
a sure one and hag made this area of testing less reliable on the whole
than the other, Furthermore, tests of this latter type consist usually
of selected aituatioﬁs to which the testee is exposed and cannot be ex-
peated to include all possible situations which a perzdn might meet.

in measuring the acquired characteristics, a test developer
knows in what terms the measurement is to be made - for example, to
measure typing ability, one can measure samples of typing. But in the
case of potentisl traits, such as potentisl typing ability, it my be
necessary to measure functions which have no resemblance to typing. The
fundamental process is, in the latter instance, the measurement of capa~
citios and is well expressed by Beaumont, “whether an individual may eome-
day master a complex skill can be predicied only by determining whether he
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pessesaés those sldlls f.hat. are basic requisites and which in time will
enable him to acquire the more complex skill,1 It is clear from this
discussion why a pre-typing student mi.ght be tested with a manmual test
such aa the Purdus Pog Board Test in onder to measure his arm and hand
movements and his finger déxterity.

Construction of Typleal Tests

Before we discuss the types of tests it will bo helpful to review
sone of thé methods by which tests are constructed and some exé.mplea of
what they require of & ﬁestee.

A test may be either broken down into its component parts, such
2s arithmetical, reasoning, memory, and others in the case of an intelli-
gence test; or the subtests can be grouped together and the items mixed in
what is called an omnibus toest, Ifi the easiest parts of sach test are
grouped in the first section of the test and the hardest items saved untll
nearer the end, it is celled & spiral omnibus, a scaled test, or a cycle test.

A convenien’ method of studying ﬁypical test construction is to
study examples of the methods used. In the field of mental ability there
are first the verbal and performance questions. Theaze ususlly require the

writing in of words in blanks, the naming of missing parts in pletures, or
the marking of something wrong in & picture, An example would be:

1Beaumont., Henry, The Psychology of Personnel, Longmans Green and
Company, New York, 1945, p. 75.
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One's in life depends upon so factors
it is not to state any single

for failure,
Another form of question makes use of “opposites," "similarities," and

“analoglies® such as these belows

1. cold-hot . sane-opposite
2, long=ghort sane-opposite
3. clothed-naked same-opposite
1. red white green rose, paper, grass, soft, blue
« @apple peach pear seed, tree, plum, juice, peel
3. pan bowl basket pail, handle, knife, fork, spoon
Pinger is to hand as tos is to foot, knee, arm, shoe, nail
Car is to highway as boat is to river, dock, ship, sail, water

Pencil is to lead as pen ia to pig, ink, write, paper, hand

A test for the range of information of a testee might allow & multiple

choice response L0 questions of general inforwation:

Tennia Football Baaketball Handball
Cribbage is played with

Rackets Mallets Dice Cards
Ths Holstein is a kind of :

Cow Horse Sheep Goat

Testees are given an opportunity to show how well they are able to f£ollow
directions (which is really a test of attentlon and memory) by setting up
confused written directions for them to carry out:

1. Cross out the smallest dot ce- oo

2, Put a comma between these two letters G 2 |

3. Do you understand that each letter is to be mde

like printing and put in the parenthesis after the
problea? If eo, write { in the parenthesis, (
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Arithmetical questions are set up in the following manner:
1. Cross out the number which does not belong in the
following series. 2 4 & 10 16 32
| . 72318 9 6
2, If a pair of shoes were bought for $3.50, what change
would be received from a five dollar bilil?
2,50 1,50 1.00 3.50 .5
fo attempt to measure planning ability, some tests resort to the use of
mases although they are not common in employment tests, [Heasoning and

ingenuity may be measured by combination true-false and mutilated sentence.

1. Cows millk give true-false
2. Urite are with to pencils true-false

3. live not &re in houses to true-false

A sizple type of memory test is onse in which the testee is shown a number
of picturéa and names under them for a few minutes and later tries to link
together the names and faces, |

As to manual ability, most of the teste measure the underlying
functions nuch as precision of finger movements, coordination of eye~hand,
and manipulative ability of hands and fingers. In addition, block visuali-
zation and block assembly measure cne's porceptive and structural visuali-
zation abilities. Most of the dexterity, ccordination, and manipulative
8kills are tested by the use of pegs, boards with holes, pins and washers
to be assembled, patterns to be traced, and items to inspect, (This paper
will not take up the mechanical comprehension tests and tests of technical
int@llig-unce. which have to do with what can be la.beled. mabé.nical. abllity
as opposed to manusl ability.)
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In the field of personality and interests, some tests attempt
to measure judgment with a multiple choice of response to an imagined

situation,

John does not smoke, He is invited to & swoker. If he
accepts the invitation it would be best for him tot
Try to smoke
Refuse politely without comment
Apologetically say that he has not yet learned to smoke
. __Explain the injurious effects of smoking

In this same area the true—i‘aise method of murina obsérvat.ion of
human behavior has been occasionally resorted o1

T F 1, In pleasure the corners of the mouth are pulled down

T F 2, wWe generally like those who bring us good news

T F 3 All men are oreated equal in mental ability
Qther tests will give statements to be marired true or false which are
indicative of stable or instable temperaments. Or they will list occupa-
tions, activities, or types of people for the testee to indicate his like,
dislike, or indifference. Or ‘bfmy may submit stimuli such as standardized
ink blots or special pictures and base their measurements on the teates's

response,
pifficulties in Testing

. The wain difficulties in uaing tests to weasure traite of any
kind can be considersd as falling into three caﬁegor.ias: the enormmous
quantity of tests, the fact that so many of the traits sre intangibles,
and the difficulty of detersining the moat adequate and objective method

of making the measurement,
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. It i3 possible to get some idea of the number of tests by
merely looking over more than a full tray of publications on mental tests
listed in the Library of the Univeraity of North Carolina or by reviewing
one of the bibliographies in the testing ficld containing more than 3,000
tests qf various kinds, As Laird has observed, "We do not need more tests,
we need more inquiry into the existing cnes, "2

With regard to the question of intangibility, in dealing both
with intelligence and personélity, snd perhaps interests, aspects of
Muans and human behavior must be coped with that are not only difficult
to define but equally difficult to measure. OUne would assume that these
aspects could be measured by obtaining a response to varicus imagined
situationz, but the very subjective naturc of these factors makes 1t more
difficult to devise situations which parallel actual ones, Furthormore,
it is impossible to say that measuring in such situations will adequately
pample & porson's reactions so that predictability of future responses
will be valid, This question lies close to the next one of how best to
measure the traits.

Should measurements be made by using verbal gquestlons and verbal
response? Will a testee respond under such eonditiomi a8 he would in a
real situstion? Should use be made of stimuli in the form of ink blots,
words, or pictures and interpretations made of the testee's oral response?
Can he express his reaction naturally in words so that we can rely on the

words for measurement? Will he express his true reaction?

2laird, Donald A., The Psychology of Selecting Buployees, McGraw
Hill Book Co., How York, 1937, p. %. A
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Or take & narrower problem: the measurement of a single component
of intelligence, reasoning. Is it fair to gssume that the solving of a
eylloglc problem as the cne following calls for the use of reasoning to
an extent measuravle and to an extent comparable to industrial situationss
"Jeorge is older than Heury, Henry is younger than Bill, George is
younger than Bill. True or false,"? Or by asking, in writing, that the
testee point out the relation of the letter O in the following series:

1.

e
occo
o
poa
<

Can we assume thal the other elements such as visual perception and famili-
arity with the alphabet do not enter this test so much as to destroy its
usefulness for measuring reasoning power?

The answer lies in the fact that the mind cannol be divided into
elear cut categories of one kind or another. It is impossible to devise a
test which measures one mental aépect to the exclusion of all others, Aand
when a test 13 said to measure memory, it doesn't mean that it measures
only that quality. As Burtt states, "If a person hears a llst of vords
and then tries to reproduce the list, his efficiency will depend not only
on memory but also on the sxbent to which he pays attention to the original
reading,”3 When a test is referred to as one of ingenuity, or memory, or
learning it mesans that the test emphasimes that more than anything elsa.

“purtt, H. E., Principles of Employment Peychology, Houghton Miflin
CO., New YOI’I'C, 1-92 5 Poe )



B. The Measursment of Intelligence

Aspects of Intelligence

The problem of measuring intelligence has been approached by
determining what factors go into the make-up of intelligence, then testing
those factors after they have been isolated, Laird names seven factors
contributing to general intelligence isolated in a study by Thurstone:

l. Buxber facllity

3. Visualizing ability

L. Memory

5, Perceptual speed

6. Inductive thimcin%

7. Verbal reasoning (inductive thinking applied to words )%

In the Personnel Journal, Richard Schults advances the idea that
there are six primary mental abilities in which we should be intereated when
devising a test of intelligence:

1. BKumber facility
2. Space perception
3. Word meaning

4e Word fluency

5. Reason

6., Memory

(This does not differ widely from the factors listed by Thurstone,)
To test these aspects, most intelligence tests are made up of

similarities and opposites (including anslogies and proverbs), information

I‘I.B.irﬂ, op. Sé-}... P 273
Sschultz, Richard S., ®
19&6’ j» 3.

#, Personnel Journal, Vol. 25, September
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(including vocabulary), completion (sentence coumpletion, disarranged
sentences, and narrations completion), arithmetic, and number series,

Some complaint has been expressed against the make-up of the
usual intelligence teats becsuse they favor words, numbers, space-forms,
and pictures and ignore three dimensional objects and situations con= -
taining human beings, But as Poffenberger ocbserves, it seems to take
a "higher grade of intellect to deal with symbols, abstractions and
genersl noticns than with concrete objects and particular situations.
!éeﬁtal alertness tests attempt to measure the speed and acouracy at
which one understards and reacts to these ideas, symbols, and relation-
ships,

For the putpoaas of this paper it will suffice to define in-
telligence as simply the application of mental abilities to a situation
or task, It can then be said that an intelligence test reprasents a
sanpling ard grading of what people can do when faced with aituations and
tesks, Admittedly this generalizes an approach to the question "what does
an intelligence test do?® and it should be sald further that mental sbility
is the way an individual uses his intelligence to meet a new situation by
devising new methods or by adapting the results of previous experience.
Tests attempt to relate the amount of this ability possessed by one indivi-
dual to the amount commonly held by other individuals, This concept #grees

Opoffenberger, A. T., Principles of Apnlied Psychology, Appleton Century
Co,., New York, 1942, p. .
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with Thurstone's idea that the uss of intelligence requires the applica-
tion of the several factors which make up man's intelligence,

Even though this capability of man is among the most abstract,
the various tests applicable to intelligence have been among the most
comreonly ugsed in the fieid of measuiemmt of humans, As noted by
Poffenberger! this has been due t‘o the belief that intelligence is neces-
sary for vocational success, Further than that, the amount of intelligence
of any individual is irdicative of the vocational level to which he may
aspire, Expressed another way, his intelligence is a measure of whether
he has too much or too little mental ability for satisfactory adjustzent
to a particular job, For this reason messurements of intelligence are
extremely important in the selection ;md placement of employéca. |

Intelligence Tests in Practical Use

In 1945 Kornhauser asked most of the nation's experts in
. industrial psychology "How well do the tests work out in classifying
people’s mental ability in business and industry?® and received the

following replies:

Extremely well 7%

Rather well
A slight help 33%
Ho help at all 0%

Two statements made by individuals in this survey are worth repesting:

T 7Ibid, p. 283.
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(1) for industrial situations they need to be au;iplmnented by special
ability tests and (2) for clérical work they meet the need rather well.8

Hay reports a correlation between intelligence test scores and
production records of bookkeepers of .35.9 However, on the basis of the
number of bookkeepers involved (40), this figure /scarcely has significance,
In the group of the 20 poorast operators were 9 with an I. Q. of less than
88; and 4in the 20 best operat.oré there were only 3 with I, Q.'s lower than
84,

Several significant studles have been reported by Tiffin'® which
_ show the relationship of intelligence to success in clerical work, One of
these showed a correlation from .34 to .57 between Otis intelligence test
scores and job efficiency among bank employees. Ancther reported a corre-
lation of .57 between transactions handled by cashiers and & test battery
which included the Otis test, a sales checiing test, a change making test,
a manual dexterity test, and the Bernreuter scale, A third study brought
to light the interesting fact that the employess who missed the most ques-
‘tions on the Otis test were the ones moat eriticized by company aupérviaom.
Another showed that the greatest turnover on easy jobs was by employees

BKomhauser, A,, "Are Intelligence Tests Worth While," American Mapazine,
Vol. 1‘-}0, July 19“5: P» lbo"lllo

9tay, Edward H., “Tests in Industry. Practical Illustration," Personnel
Journal, Vol. 20, l’my 19“13 P 1.

IOTiffin, Joseph, Industrial Psychology, Prentice Haull, Inc., New York,
19166) P 5k
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waking higher acores and the greatest turnover on the more difficult jobs
was by employees with lower scores. This latter study points ocut one defi-
nite advantage in using intelligence tests: placing individuals on the
proper Job, | |

; Porxl and Bills have reported a study which compared the test scores
to jobs held and drew the following eonclusions: (1) t.ha£ there is a dofi-
nite relationship bstween intelligence and advancement in clarical{ wori and
(2) the relationship holds independently of the amoﬁnt of schooling,tt

| Shellow mentions & significant correlation in connection with an
intelligence test she devised covering sompletion, tabulation, syllablizing,
spelling, abbreviation, paragraphing, jtxlgmgnt » analogies, proverbs, sen-
tence'correct.ions, and gramusar rules, She found that the test ascores for
atmegraphefa correlated ,73 with ran&ings of these stenographers,1? (Some
of the items in Dr. Shellow's test are not really intelligence items, but
more in the nature of trade teat questions,)

Although there seems to be no question about the relatiohship
between clerical ability ard intelligence, there is scme doubt as to
whether it is necessary for executive successl Cleston and lason report
that experiments have found intelligence tests have ro validity when used
to predict executive ability.n |

1lpond, Y. A., and Bills, M., "Intelligence and Clerical Jobs, Two
Studies of Helation of Test Score to Job Held," Personnel Journal Vol.
X1X1, 1933, pp. 41~-h3. _
123nellow, Sadie M., MAn Intelligence Test for Stenographers," Journal
of Personnel Research, Vol. V, 1926, pp. 306-308.
43Cleston, Ulen U., and Mason, Charles W., Executive Ability, Its Discovery
and Development, Antioch Press, Yellowsprings, Ohio, 1946, p. 134
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In addition to these studies, Poffenberger has commented on
the close relationship between turnover and mental alertness, accenting
the préviously mentioned advant.age of ﬁsing intalliga:nce testa to deter-
mine on what job to place an m.dividual As _he faoints cut ,. there is a

” need for setting an upper linit to ‘scores for a jJob becanae propesr adjuste
vment. means satisfaction as well ae high output. He adds further that "a

perstm who is vocationally unsuccessful is in an occupation which fails
to make sufficient demands on his intellectual capacity to keep him in-
terested ard at work,w1h

Scott emphasizes mueh o:‘ what has been said with his comment
that mental alertness scores are more prophetic of the future wage or
salary of any large group of applicants than any other single measure-
ment..ls |

To summarize the general pbaition of intelligence tests in
selecting and placing employees the following conclusions can be drawn:

{1) Such tests ere probably mors important for selecting
clerical employees than for industrial employees.

(2) They should be a part of a teating program which includes
tests to measure other human trait«s.

(3) Intelligence tests have a proven correlstion of a high
order to clerical success,

LUipoffenberger, op. cit., p. 301,
1530c0ty, W. D., and others, Personnel Management, McGraw Hill Book
Co., New York, l9hl, pe. 155.
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~ {h) Intelligence tests are helpful in placing employees on
3Jobs where they will receive satisfaction in their work.
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C. The Measurcnent of Manual Abilities
Defining Manual Abilities

Ksier points out that what ls generelly cslled mechanical
ability consists of a combination of general intelligence and certain
aspects of muscular abilit.y.lé Among mechanical ability tests are those
| that measure this intelligence factor, such as understanding and compre—
hension of mechanical relationships. The other factor, motor ability, is
the one which will be covered in this paper. It is intended to discuss

only the tests which relate to finger dexterity, coordination, rhythm, speed,

reaction, and precision,
Aspects of Manual Ability

3ince ability represents the things we are able to do without

further training, the measuroment of ability consisis of finding out what
& person can do. In many organizations it is necessary to determine how
much muscular esordination, bodily dexterity, or manipulative ability an
individual has before assigning him to work, An applicant with good eyc-
hand coordination would not necessarily make a good assembler of alreraft
instruments because that type of work calls for precise movements of the
!ingers. The girl who can coordinate the movements of both hands well
would not make a good currency counter unless she also had finger dexterity
and eys~hand coordination, There’ is no advantage in trying to Judge

16&13:', Normen, Pgyehology in Industry, Houghton Miflin Co., New
York, 1936, p. 170.
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applicants by size or shape in an effort to determine their manual
abilities because no relation has been found between anthropological
measurenents and daxterity.

The various tests of dexterity have indicated a wide range of
individual differences and show little or no correlation with each other,
One study in which a large number of motor tests were measured showed an
average correlation of plus .15.1? The high amount of coordination may
be limited to certain parts of the body and may vary for heavy and light
work, detailed and rough work, and fast and slow work., Since the skills
‘are s0 highly individualistic‘ the tosts for them are relatively simple.‘

Manual Tests in Practical Use

Typical Tests which may be used are not discussed in detail but
are mentioned briefly below:

Finger dexterity can be tested by placing pegs in holes arranged
in verious patterns which determine the relative importance of
finger and arm movements,

Precision may be measured by requiring the testéa to plunge &
stylus in a hole which is uncovered rapidly, or by having him follow
a line on a revolving drum or record,

Speed can bs tested by seeing how rapidly the testee can tap a
stylus. The tapping can be measured by an electric counting
device, This is also a measure of arm coordination,

Rhythm is measured with a telegraph key on which the testee
 duplicates the pattern produced on a recerd. .

17arfiel, ., "The Messurement of Motor Ability," Archives of
Paychology, Vol. 9, 1923, No. 62, p. 32,
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Reaction has been tested in experimental fashion by psycho-
logists for many years by noting and comparing the time between
a signal, such as a flashing light, and the response of the
testee,

Coordination has also been measured frequently. The most
typical technique requires the subject to make different
types of moveaments with each hand in order to control the
action of some object, One test allows the verticel and
horizontsl control of & beam of light by means of iwo eranks,
one of which is operated by each hand., The testee uses the
cranks to make the beam of light follow a particular course,

’ In actual practice; a combination of aseveral types of tests
which would measurs the different kinds of motor skills required in any
task would be the most advisable procedure. |



D. _The Heasurement of Visual Acuity and Visual Skill

Practically any job in industry requires good .geneml vision
and a8 great many jobs call for skill in a specific visual function. In-
spectors need keen vision at close distances; truck drivers need percep-
tual ability in discriminating between relative diatances of objecta; and
dye workers mst have good color discrimination.

Most firms employ some sort of eye test, either administered
at the office or as a part of the ‘medical examination. But the difficulty
is that most such tests measure the ability to see at standard distances,
wWhile this type of test is better than none at all and although it may
weed out some employees whose vision is definitely deficient, it is not
at all good in predicting job succéss. For example, one firm actually
found that its eye test results were causing it to hire the poorer
workers. 18 In this organization, a particular operation regquired continu-
ous sharp vision at a distance of eight inches, And the operators with
poor vision weré consistently producing more work. The test used to
select operators by measuring their distance acuity was causing the com~
pany to reject employees whose vision was keenest ‘at this short distance,#

The type test used was one of the kind commonly used, such as

the Snellen test which consists of several rowas of block letters of

18piffin, op. cit., pe 139

#The specific relation between visual acuit.y at X feet and production
was minus .60,
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decreasing sige and which ie administered by determining separately for
each oys the smallest letters that can be read, As Tiffin points out,
this type of test is subject to external influences such as illumination,
glare, and opportunity to memorize the chart.? In addition, it measures
"readabilit.y" of lettera, giving the more literate applicants an advantage,
Attention is currently being given to the fact that there ars

other chax?acteriatios besides distance acuity which have a relationship
to job requirements. 7Two of these characteristics are depth perception
and the postural characteristics of the eyes, Depth perception is a
. familiar term, while the latter expression is somewhat novel, The postural
attitudes of the eyes, called phorias, have reference to the posture that
the eyes assume under test conditions which eliminate the need for both
‘eyes to converge on a single point, In this situation the eyes may either
converge or diverge from what would be required in normal seelng at the
test distance. The postures are then measured in terms of angular deviation
from that standard in both lateral and vertical directions.

_ The reason for measuring these unfamiliar aspects of vision is
to provide a means for efficiently utilizing an employee's visual assets,
The Bausch and Lomb Optical Company has developed a machine called the
Ortho-rater to do this measuring and contends that its an allows a company
to piaca applicants, who would ordinarily be rejected, into jobs commensu-
rate with visual ability. Before the test results can be accuvately spplicd,

191b4d., p. 128.
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an organization must first make a survey of the visual requirements of
its jobs in order that a "job starndards profile" (similar to a Job
analysis) can be prepared. The davéloper of this instrument indicates
that an intimate knowledge of the visual characteristics of employees
will increase quality and quantity of production by amcunts varying from
15 to 20 por cent. Tiffin reports & little more objectively the follow-
ing resulis in connection with tests for phorias: |

Average Hourly Errors of Clerkgo%o Passed
and Falled Vision Tests

M pegt

Passing Test Pailing Test

Phorla, Far 26 37
Phom 3 Near 22 . Sl

The need for this type of measwrement has not been completely
demonstrated to management although the Purdue Industrial Vision Inatitute
says that the instrument has been thoroughly tried in a variety of indus-
trial plants and is in use by some of the leading companies in America.%t
¥ost of the recent texts in the personnel field deal briefly if at all
with visual skills and their measurement despite the fact that such tests
hold promise for good results in placement of employces if additional
experience continues to demonstrate their validity,

mxb‘.dg’ Pe ]39-
2lnIndustrial Vision Institute,” reprint from Industrial Medicine,
5?1'11., 19’4»5: P 3‘)2-
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E. The Measurement of Personality

General

The significance of intelligence and ability has been impressed
on most personnel men so thoroughly that théy have been frequently guilty
of overlooking the signii‘icanca of personality traits, Intelligence and
ability tests are not only more available but are more objective; tests
of personality are less so because they measure a subjective trait, Re-
gardless of an employee's mental ability and skill, unless he is on a
Job where he has no contacts with others and where his reapohsea to situ-
ationis are less demanding, he must fit into an organization from the stand-
point of personality. He is thrown into contacts with others, with situa-
tions, and with things, He mst make adjustments called for by contacts
with employees and supervisorsj he rust #eapond normally to situational |
changes; and he must be suited for handling machines, materials, or tools,
If his characteristics make it impossible for him to work’ with others, he
will fail or his succéas wlll at ieast be improbable, In order to help
measure the presence or absence of specific traits of this kind, psycholo-
gists lave attempted to devélop scales to test personality., These are
becoming more available in standardized forms but personality is still the
most neglected field of test development as far as industry is concerned, <2

" In dealing with these traits, evidence has been found to support
the theory that they are consistent to some degree over perdods of time,

2201eeton and Mason, op. cit., p. 142,
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The correlations reported in Poffenberger are shown below:

Repetition of Bernreutsr Test After lLong Intervals?3
Kervous State Self Sufficiency Dominance
1 YEAR, 30 cases «78 61 53
2 YFARS’ 15 cases - 067 038 ' CSA

The significance of the correlations in this instance is low

‘enough to raise & question as to their value,
Difficulties in Measuring Persconality

In ordinary teasting, the test resulis are measured against some
eriterion in order to know what the testee has done in comparison with
others. In the field of personality testing, it is this problem of
developing reasonable criteria that balks the psycholozist. For example,
in measuring the amount of extraversion of an individual by asking him
questions, which answers denote presence of that qu#lity? In constructing
these tests, reliance has been placed on the experimental technique of
putting the question to a nusber of individuals whose characteristics of
personality were already known, either from clinical observation or personal
contact, Then the answers of the perscn being tested can be compared to
the previously classified answers. .

In personality testing, the unreliability is considerably greater
than in tests in which one must arrive at a correet score or perform some

task in a specified manner., The answers to personality test questions can

Dpoffenberger, op. Site, Pe 33he



4

-2 -
be twinted., The testee is responding verbally, which is an unemotional
process, to a serles of wrilten questions and even if a testec ia sincere
his answors may not reflect what his response would be under real condi-
tiona.z‘ Where such tests are used bafore an applicant is hired, he may
intentionally change his answers to what he feels are desirable ones to
help him get the job, |

Practical Use of Personality Tests

Among the first tests of this type to receive wide use was the
Bernreuter Scale developed to measure four different personality traits,
The test itoelf consists of a series of questions which can be scored in
such a8 way as to measure emotional stability, extraversion-introversien,
sell sufficiency (absence of need for companionship, encouragement, and
sympathy), and dominance-submission, As previcusly indicated, the diffi-
culty in using this test is in encouraging an applicant to give frank
answors abdut hinself, Some of the questions such as YDo you consider
yourself a nervous person?” or%:q you easily discouraged?? are so
obviocus in what they are getting at that the ordinary employee is inclined
to answer them to his best advantage. The test is satisfactory enough, if
 its limitations are recognized, to be used for placement purposes btut its
reliablility would’ be subject to doubt in instances where it was used prior

to employment,

%Q&mﬂtv’ 2P 2230, Pe 75.
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~ Most tests in the personality area Lave been adaptations and
revisions of previous scales, each new one incorporating a means of measur-
ing some additional element, The Humm-Wadsworth Temperament Scale was
developed in this way primsrily for industrial use and hes been uaed more
extensively in industry than any other personslity test.?? The geale has
some 300 questions which are to be answered yes or no and by differential
scoring the authors claim to be able to classify temperament according to
components usually associated with mental abnormalities, the assumption
being that even normal people have varylng degrees of these abnormalities
and that those with excessive amounts can be recognized. It would probably
be &sy to recognize the traits in someone with whom one comes into much
contact, but the posaibility of observing them accurately in an applicant
or an employee in one or two interviews is so remote that it makes these
teats appealing. The oompmenﬁs that this test tries to measure are these:
Normal - selfl control, self improvement, inhibition
Hysteriod - self preservation, selfishness, crime
#anic cycloid - elation, excitement, soclability
Depressive cycloid - gadness, retardation, caution, worry
Autistic schigzoid -~ daydreans, shyness, sensitivenecse

Paranoid schigoid - fixed idea, restiveness, conceit
Epileptoid - ecatasy, meticulousness, inspiration

R Il - B o i

The test has received rather extensive use, particularly in the
alreraft industries and utility companies on the West Coast,
In one organiiatim, a policy was adopted of rejecting applicants

25’1'51!1!!, op. mu, P 113
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who were weak on traits N or H, with P higher than normal, with M, D, or

A high ér higher than normal, and vd.t.ﬁ high ¥ scores #ccompanying physio~
logical evidences of epilepsy. They used the test on 185 enginaérmg en-
ployees and found 18 met these standards, The doubtful one and one other
were discharged later for mlaﬁjustmmta.zé The most encouraging uses of
this test have been in eliminating "unfits,” those whose maladjustment 1s
relatively obvious in the tests, and in helping present amployses overcome
weaknesses, If they are intereated in self improvement the resultant pro-
files show personality deviations which can be used to counsel them, The
authors claim that the test can be relied on in 60% of the cases, but as
Tiffin shéws, the scores on the seven components may shift when a person

is vzchmged from a "{rank" situation to a #job application® situation. He
showed that the scores had a tendency to be changed towards the normal
trait and away from the undesirable traits.®? Hum has attacked this
erit.igiam by evaluating the nuxber of "no" aﬁmrs given and making an analy-
sis of the balance axong the various compments.ag Since an extremely nega=-
‘_b:_lvistic person accwmlates more than the expected number of "no's" and the
extremely suggestible persons tend to accumulate fewer than the expected
number, an acceptable rangs for the "no” eriterion can bs established.

Humm has also developed a technique for correcting scores with unaccept-

able "ot counts,

- 261b1d,, pp. 113-119.

27Ivid., p. 117

2Brawshe, G, H., Principles of Personnel Testing, McGraw Hill Book Co.,
ﬂw YOI‘R, 191#3, po 81.
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Several relatively new tests are making their way into the indus-
trial field and encouraging studies of thelr value are being recorded as
experience with thom incrsases, These include the Minnesota Hultiphasic
Inventory, the Rorschach Test, and the Guilford-Martin Inventory.

The first of these, the multiphasic inventory, ni}.l probably
 prove most adaptable to industry as it is highly reliable and relatively
easy to administer, taking about forty-five minutes in most cases, I_t. has
about 550 items in the form of questions which the subject answers, although
good results are being obtained in using only 320; questions, By differen~
tinl scoring, the following categories can bs msured: hypochondriasis
(Hg), depression (D), hysteria (Hy), psychopathic deviate (Pq), masculin-
ity-fezinity (Me), parenola (Pg), peychasthenia (Py), éohizaphrénia (8¢)»
and hypomania (Mz). It can be administered satisfactorily from the manual
of instructions ard interpreted for employment and placement with an addi-
tional emount of _training. It ﬁolda promise of being a very good test for
industrial uaevaince 1t is successful in pointing out those who are in need
of some sort of psychiatric aid., The Testing Service of the University of
Horth Cerolina has used the test in helping with the selection of applicants
for the State Highway Patrol. In one instance, two applicants on the bor-
derline of psychoses were rejected. And in another casé, an appli&nt
pointed out by the test as doubtful had to bs roleased later from the
Highway Patrol because of maladjus@snent. s far es can be ascertained,
1ts use by industry thus far has not been widely reported. (Incidentally,
the test has been prepared in Braille in order that it can be used in



53
- 25 -

counseling the blind,)

The Rorschach test uses imagination and association of ideas as
indicators of personality types. It is based on the theory that "similar
peraonality types have similar imaginative and asscclative reactions to
figures which are vague and indefinite.t?? It is adninistered by showing
- & standardiged set of ink blotas to an iudividua.l and asking him to inter-
pret them., All the possible verbal responses have been classified as to
types of personality which use these comments, Although its industrial
usage has not been sufficlently evaluated, Steiner rsports an interesting
study of its results for lih clericel workers who were assigned an overw
all personality rating ranging from excellent %o poor on the basis of

thelr Rorschach scoress

Satisfactory .
Perscnality Rating &d justment to Poor Adjustzent
Based on Rorschach Ho, work to KHork
Excellent )
Above average ) 109 106 (97%) 3 (3%)
Average )
Poor 35 10 (29%) 25 (T1%)

When these employees were followed up & year later it was found that of
those whose responses were 507 or more “poor," mly 34% had made a eatis-

factory adjustment to wo#k.3°

z%mumnt’ ap. citc. Pe 7R
3°3t.e5.ner, vatilda . B., "The Use of the Rcrscbnch Hethod in Industry,
Borschach Hesearch Exchange, Rorschach Institute, Vol. XI, No. 1, 1947.
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The Guilford Inventories include three different scales to
measure thirteen components of personality: (1) the inventory of factors
STDCR measures social introversion-extraversion, thinking introversicn-
extraversion, depression, cycloid depression, and rhathymia; (2) the
inventory of factors GAMIN measures genersl activity, sscendance-submission,
masculinity-fenininity, inferiority of t’eelinga , and nervousness; and (3)
the Personnel Inventory I is intended té measure objectivity, cooperative-
ness, and agreeablensss, | |

It is inberesting to look at some of the questions used in the
GAMIN scale to measure the various com;;onen’cs:n.

General activity - Are you inclined to be quick in your

actiona?

Are you inclined to rush from one
activity to asnother?

Ascendance - Do you usually speak out in a meeting to
oppose someone you know is wrong?

Masculinity - Do you like love scenes in a movie or
play? : f

Inferiority - Do you suffer keenly from feelings of
dnferiority?

Nervousness - Do you often become {rritated over little
annoyancea?

The latter scale of Guilfordt!s measures three of the sub factors
of the paranoid component3? and Martin believes it is the mese useful in
identifying tho potential troublemaker, citing the following cases:

318&rt1n, Howard G., "The Construction of the Guilford-¥artin Inventory

gactors GANIN," Journal of Applied Psychology, Vol. 29, 1945, p. 298,
Whﬁ, Op» Citu, Pe Gl
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Fifty-one employess in a manufacturing plant and forty-three
textile mill employees were rated by supervigors as satis-
factory or unsatisfactory and were tested on this scale, In
each instance, the test properly placed between 70 and 75%
of the employees,33

Other Methods of Measuring Personality

Before leaving this subject, the part played by two other means of
measuring personality should be noted. The first of these, the Theatic
Apperception Test mentioned in Chapter I of this paper, follows the general
principles of the Rorschach technique. It relies on verbal responses given
bty & testee who is confronted with several standardized pictures, He is
supposed to relate what has happened to the subject in the picture, what
the present situation is in rsgard to the subject, and what the future
will bring. The test administrator then compares the response to typical
responses repregsenting known components of personality. 8o far, the test
has been used only in the testing of executive traits where personality
ie of prime importance, Wyatt makes the statement that this tast is
“one of the foremost devices in the study of personality,"® Whether
the test can be successfully edapted to industry remains to be seen,

The other technique is & method known as free assoclation which
| }has been widely used in clinical analysis of péracnalitj malad justment.,

" 33Hartin, Howard O., "Locating the Troablemaker with the Gullford-Yartin
szgim Inventory,” Journal of Applied Psychology, Vol, 29, 1944,
PP 7.

3biiyaty, Frederick, "The Interpretation of the Themstic Apperception Test,®
Rorschach Research Exchange, Rorsctmcsh Institute, Vol. XI, Yo, 1, 1947.
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In this method the subject is asked to respond to a list of one hundred

or more carefully selocted words, The responses are noted and compared

to responses indicative of certain temperament patterns for use as & basis
for informal questioning., The objection to this approach has been that the
distributions of responses vary considerably with factors such as matuiity,
race, and special interests and do not always relate to emotional elenents.>?

Honesty Tests

A pemon"s relative honesty is a facet of personality which has
“been treated lightly in testing development. It seems that individuals

are reluctant to admit lapses of or deficlencies in honesty and resent

any gquestioning in this direction as an infringent of }parsoml rights.

For this reason, such teating as has heen developed has not been welcomed
by industry becaua.a of the expscted reaction from applicants and employees.
The principal means of measurement have been through the use of devices '
reflecting ohanges in blood pressure, changes in the body's electric
potential, and changes in breathing., The Keeler polygr#ph, popularly
known as the lie datectcr; makes use of these items as well as the varia-
tioha in the pulse rate to detect deception, Despite the lack of interest
in tests to measure honesty, the use of the tests have disclosed atartling
results. Scott mentions one of theset Among Chicago bank personnel, 15
percent or 2500 employees have, after taking the test, admitted the theft
of some money, and 62% 6: the tellers who were tested admitted theft of

3§Clﬂ€t0n and &Sm’ P_Eo 'g_igag D 158'
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While the term personality is not clearly defined by the majority

of psychologists, it has been used in this section to indicate tendencies
of behavior. These acts of behavior have a tendency to cluster into what
are called components which temperament scales attempt to measure, Such
tests are becoming more valusble as new data iz received on them, btut

their best usage is in eliminating definitqu maladjusted applicants and
in locating employees with personality deficlencies,

365@0’0"; and Qbhm’ 9‘20 _c__iﬁc; Pe iss,
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F. Tha Heasurement of Interests

What is the relation of the measurement of interests to the
selection and placement of an individual? Bingham remarks that "——people
tend to find the keenest satiufaction 1# t.hoeé sctivities which chaiienge
their sustained attentlon--" and that the man who is interested in the
same things that interest his colleagues - 1s apt to feel at home among
them.“” ‘Success can no longer be measured in terms of output - some
place mst be given to the enjoyment of work.

Before examining the ways of measuring interests, agreement should
be reached on the meaning of the word "interest.” wWoodworth proposes that
we consider it "--a drive towards activity of the capacity to which it is
attached.“Ba The Warren Dicticnary of Psychology defines it as "a feeling
which accompanies special attex;tion to some content.,” Bingham cells it a
Atendency to become absorbed in an experience and contimue 1t,%37 Not only
19 there the positive phase indicated in most of tfxasa definitions, but
there is the negative side as ‘expressed in the aversion an individual may
have which makes him turn away flrm an object or activity. So that, as far
as this paper is concerned, interest can be considered as applying very
siuply to an individual's likes and dislikes and feelings of pleasantness

and unpleasantness,

37Binghan, W. V., Aptitudes and Aptitude Testing, Harper and Eros.,
New Yark, 1913, Pe 61.

384ooaworth, R. 3., Dynamic Psychology, Colurmbim University Press,
New York, 1918, p. Th.

398ingham, op. git., p. 62,
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Difficulties of Measuring Interests

The ability of testees to distort the results of personality
tests in equally true with regard to interest tests. If the testees is
an applicant and knows the nature end demands of & job, he can influence
his score in the desired direction. The most acceptable uge is in cases
where a person ig belng hired anyway and will be placed or transferred v.
later on the basais of his interests. In such a case the testee under-
stands that it is to his advantage to report his answers as truthfully
as possible, Despite this drawback to interests tesits, they show two
encouraging resultar they have a conglstency in scores over a period of
yoars and they have a high correlation with success., Tiffinreports a
study showlrg a correlation of .66 between interest in physical sclence
and success in engineering.w Ard Bingham reports high correlations of
near ,75 in retesting after a five year interval.sl It should be noted
that after an Individual has been in an occupation for several years,
his interests not only become more fixed but also more identified with
that line of work., For this rcaaon,' one should be cautious in inter-
preting the resulis of interests tests given to mature young wen who
have followed a vocation for several years.

“JéTifﬁﬂ’ LR, EEE" P 121,
&‘J'Biﬂm!ﬁ) OPs 3_&;; P The
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Intercsts Tests in Practical Use

Every interests test proposed has historically been recelived
with skepticism and eriticiem.’? H&at of these tests have been con=
structed around the idea that salient characteristics of various ocou-
pations can be found by a kind of job analysis and that an individual
ozn like or dislike the characteristics without being too familiar with
the job of which they are a component., As Strong expresses it in his
test manual, "Men engaged in a particular Mupat;lan have been found to
have a characteristic pattern of likes and dislikes which distinguish
‘them £ram‘ nen following other professions, == a man will be more
- effective in his vocational career if he is engaged in work thet he
likes ___',,2.3 (The Queat.im naturally arises whether the iikea and
dislikes of the ocoupational group are not acquired during thelr ex-
porience in that occupation.) In his manual Strong gives a well known
example of the rolation of the amount of insurance gsold to interest

ratingss

L23c0tt ard obhers, op. git., p. 203,
3strong, E. K., Manual for Vocational Interest Blank for Men,
Stanford University Press, 1938, '
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Averags Amount Number ‘Percentage of tach Interest Group

S0ld in of Selling Given Amount

Thousands Cases C Be B Be A #
0=49 19 ) 20 17 21 2
50-99 37 &L 20 33 26 13

100-149 29 12 20 7 8 18

150-199 10 6 20 28 16 26

200« - 56 0 20 5 29 41

The two most prominent measuring devicea for interests as far
as industry is concerned are the Strong Vocational Interest Blank and the
Kuder Preference Test. The former one of these has been in use for more
than twenty years and employs the questionnaire technique allowing the
testoe to indicate his like, dislike, or indifference. The testee
indicates this response to each of 420 }aeparate test items ineluding
ocoupations, arﬁnaementa, activitiea, ac&ool subjaict.a s and personal
characteristics, The results are then compared' to those of people in
various occupations. The reliability varies with the occupation for
which the blank ’ivs scored, the scale for Certified Public Accountant
being the least reliable. The reported reliability is frequently above
.80.%%  Thurstone has made a mlti.plé factor study of the vocational
interests shown by an analysis of this blank's results which indicates
txm.' there are only four ganeral basic interaests: science, language,

pecple, and business,*d

u’SCOtt and Otharag Sp. .c-j;-_g" Pe 205'
l"STiffin, OB _?_i_-_t_o’ Pe 121,

%#An A rating means one has the characteristics of persons successful in
that line; a B rating carries the same implication with less certainty;
and a C rating means one does not have such interests.
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The latter test, Kuder Preference Test, has several hundred
sets of questions which allow the testes to indicate what he prefers
most as well as what he prefers least, A typical set of questions might
ask, "Which would you rather be: secretary to a great artist, conductor
of an orchestra, or 8 nationally known social service worker?® The test
is intended to measure the relativs amount of an individual's interest
in nine fields: scientific, mechanical, computational, musical, artlstic,
literary, social service, clerical, ahd persuasive; and the test results
are usually portrayed in profile fashion, Lawshe givea a good example
of this type of profile in his group profile based on the mean performance
of 27 male accountants on this tosts b6

Percentile Position
10 20 30 40 50 60 70 80 90

Mechanical — |
Computational
Seientific <]
Persuasive
gtiatic
terary
Musical /
Social service a
Clerical T e

——
[——

-—
et

e

AVAN

l

The test is extremely easy to give and takes only about 45
minutes, There has not been as much use of this test by industry as
the Strong blank, but all reports indicate the test is especially help-
ful in placement since it allows comparison of the individual's profile

with an occupational group pattern.

Lé1awsne, op. eit., p. 90.
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Occupational Ability Pattern Technique

The subject of interests tests is not complete without the
mention of one other rather comprehensive technique of testing which
seems to fall conveniently in this section of the paper. The sane
technique mentioned in the previous paragraph is employed to present
test results in a profile representing an occupational groun, However,

in this method, the profile represents the results of several tests aimed
at disclosing the talénts in & particular vocation., The profile of the
individual can then be matched against thé group pattern to observe
differences, For o@mple, an ocoupational ability pattern for bank clerks
might be prepared from mean scores of certain pertinent tests and presented
in this form:

Type of Test Standard Deviation

Classification
Vocabulary

Humber checking

Rame checking

HleN (Nervousnesa)
B2-5 28&11? suf ficiency)
B4~D (Social dominance) =

: - + ¢

(The dotted lines represent the probable errora of the various
tests used.)

While this is not exactly a pure test of interest, the relation-
ship that exists between interests and ability and the similarity of devel-
oping occupational group patterns to the method of interests measursment

are sufficient reasons for placing the discussion in this section,
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An individual's likes and dislikes ere related to his success
and job satisfaction and by using the questionnaire method we can meaoure
fairly well what those likes and dislikes are, By comparing thes to the
known interests 93.‘ occupational groups & testee can be told two things:
(1) if you follow this line of ende#\for your intereahs will be similar
to men who have been successful in this field, or (2) if you follow this
field it is likely that you will not be well adjusted because your interests
are 30 alien to those of people who arse in this occupation, Perhaps the
most advantagecus use of such tests is in ruling cut those occupations
in which a person would not fit, |



CHAPER III

TEST CON3TRUCTION, VALIDITY, AND RELIABILITY

In this part of the thesis attention will be directed at the
more practical aspects of testing having to do with the development of
adequate techtniques, This section will deal with some of the problens
of constructing a test ond evaluating it in terms of validity and re-
liability. | |

By construction is msant finding criteris, assembling the test,
and improving its make-up; by validity is meant the closeness of agree-
ment between the scores and the criterion; and by reliability is meant
how consistently the test measures what ﬂa 1s supposed to measurs,

A. Construction of & Test
Criteria

The first step in the careful preparation of a test is to deter-
mine the criteria against which the test is to be measured, If the test
ia to select currency counters, is the criterion to be the total number
of pleces counted? If the test is to select the moré successful clerks
for a riling department, what is to be considered as constituting succees?
Ie it leas absenteeism, fewer errors, greater earnings, or higher merit

ratings?
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Criteria can be divided into four groups: production data,
personnel data, the judgment of dthex'a, end job samples., In the first
group are such things as quantity, earnings, the time to complete a job,
and quality. In persomnel data, are length of service, absenteeism, rate
of advancement, and training time., Under the heading of judgment would
£all the ratings by others. Though this last criterion is used often
in studies of test results, lLawshe notes that "most merit rating systems
presently in use in industry - are not sufficiently valid for use as
test criteria,rl Job samples consist of a portion of a job which has
been standardiged. |

In selecting & criterion we rust take into consideration the
distribution of the criterion data, the influsnce of experience, the
influence of age and sex, the influence of educaticn, and the influence
of conditions of work, If the distribution of the criterion shows little
distinotion between the best worker and the poorest, it is not acceptable,
If there is & selective process automatically going on =~ that is, if the
baest workers on bookkeeping machines are retained and the poorer ones are
released -~ the production data would be unreliable because the range in
proficiency would be too narrow., In other cases, the production of the
workers may be actually limited by the speed of the machines, The extent

to which experience on the job influences proficiency must be determined
a0 that this fector will not affect the criterion. The same reasoning

“Iiawshe, C. H., Principles of Personnel Testing, NcGraw Hill Book
{o., Hew York, 191&8! Pe 21,
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applies to tho other factors, as can be realized from an example given by
Stead and Shartle concerning working conditions: "During the selection of
the experimental group in the study of departnent store sales persons, it
was discovered that many fectors seriously afteoted the amount of merchan-
dise sold, Soms of these were part time demonstrating of merchandise,
keeping stock in order, assisting the buyer, arranging merchandise dieplays,
and having to sell a particular type of merchandise. Since it was impossi~-
ble to determine the effect of these diverting duties on sales, it was
necessary to eliminate these individuals from the experimental gronp.“z
The messurement of job performance should be independent of the time the
measurements wers made, When one person's production varies from time to
time with respect to other workers, that measure is not a reliable indi-
cator of performance, For example, on certain daya‘ each month a currency
counter might have the additional task of counting the large demomination
bills and her usual work would suffer accordingly.

After investigation has revealed that en adequate indicator of
success 1s available , the next step in construction involves the selection
of sets of test items. It is advisable to seleat criteria that will be
available through the test development, Instances are frequent in which
the change of methods, policy, or type of personnel interrupt the con-
tinuity of criterion data so that they ars rendered useless,

28tead, W. H,, Shartle, C., L., and others, Occupational Counseling
Techniques, American Book Company, 1940, p. 93.



Selecting Items

The essay type of questicn is considered too unreliable for
test use and more usage is being made of single answer objective forms
such as the true-false or multiple choice, If a true-false question is
used, there is 8 50-50 chance that the answer will be guessed, On a
rultiple cholce answer with four possible raesponses thers is only a one
in four chance that the answer will be guessed,

 If multiple choice questions are used, the test developer must
keep in mind somwe of the rules suggested by Renmers and Gage:3

1. Prepare some hard, some easy, and scme moderately

difficult,

2. Avold trick or catch items,

3. Avoid obviously wrong altermatives,

4. Hake each item as short as possible,
5. WHake all alternatives or responses about the sane

length. .
6. Place correct answers in random order,
7. Avoid cue words in the root of the itenm,
8ince many of the items will be discarded as not discriminatory
or because they are poorly worded, more items should be prepared than will
be needed in the final test, lLawshe suggests preparing twice as many as

will be finally needed.?
Developing Sets of ltewms

In developing a suitable measuring device, there is also the
problem of assenbling the selected items and presenting them in a satis~

SRemmers, H. Hey and Gage, K. L., Zducational Heasurement and
Evaluation, Harper and Bros., New York, 1943.
Laﬁﬁha, 9-2‘ 2_3;&0) Pe 1830
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factory form. This involves consideration of content, appeerance, 1nstnic—
| tions, time limits, length, etc,

The prime consideration with regard to content is that the items
ahow pome similarity to the job, This is important both from the stand-
point of better validity as well as the effect it has on the testes, Iteus
that seen to the testee to be remote from the job will tend to antagonize
him, 4 | |

As to the appearance, many psychologists suggest avoiding titles
. on the .zﬁee of tests., They sey that & title such as "Clerical Aptitude
Teat" may have an unsatisfactory effect. This would be particularly true
in those instances where a teat such as this is pgiven in connection with
a mechanical job, There is not much agx;eaa;ent on the best way to sccom~
plish this, although Stead and Shartle suggest nét. using the word “tsats,"5
while Lawshe avolds the word "axamination."6

in arranging the items, the convenience in scoring the test
should be conaidera&. It may be that a crmnée in the way the items are
arranged will spesed up and sioplify the scoring of the test without dis-
turbing its effectiveness, |

The test instructions should be conclse and glear and the
practice exercise should be well separated from the rest of the test so
that testees won't work on into the regular portion. Adequate directions

" S3tead, op. cites Ps 108,
6Lawshe, op. cit., p. A3,
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for seoring and administering the test should be drasn up so that clerical
help may be used in this phase of the program,

The order of difficulty of the items should be established by
sdrinistering the test to a group with no limitation on time, Item diffi=-
culty can be measured by comparing the number who responded correctly to
each item. The itemp can then be arranged in order from the easiesi to
the most difficult,

The proper time limit can be established by giving the test to
a sample group and preparing & frequency distribution showing the length
of time required to complete the test, If the objective 1s to measure
accuracy, the limit can be lenient. If the objective is to measure speed,
the limit should be set so that few can finish 8ll the items.

The length of the set of items will depend on how mmuch time
will be available for testing, what other tests are to be gﬁm s and how
reliable the test must be,

Selecting Certain Sets of Itens

It is apparent that certain of the factors surrounding an occu-
pation will have a prominent part in indicating the kinde of tests to be
used, Some of these factors are job analysis, the results of other inves-
tigators, intercorrelations with other tests, the nature of the eriterion,
and the group being tested,

The results of other investigations may save & lot of time by
indicating which tests have been successful in testing similar Jobs,
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Almost any text in the field of 'personnel testing lists studies of various
kinds which show the types of tests liable to give the best mults. : 'stcad

 and Shartle give results for more than 30 occupatione measurecl by a group

of 16 different tests.?

As for other tests, the objecb is to: eombine tests that ud.ll
yield high correlations with the criteria but low correlations tdth each
other., | : - R .

" If the nature of the criteria calls for speed, then the batt.ery o
of tests should include o measure of speed. In listing checks onon -
adding machine, both speed and accuracy are céaentiél’,- but tim‘ cmpmis
is alightly greatar on epeed since other arrangements are mada to take ' '
care of errors. In meaaurmg for this Job some test mmh as tho Hinne-
eota Vocrat.iml Test for Clm'ica.l Woricers should be included sinne the
nusher compar&&on itexs in this teat ara speed .’ﬁ,ama.

Iten Annlyaiu

An important part of the construction of a test is the study of ,

the individual 1t.ems, beeause "the effectivensss ot the total teet :La a

n8

mnction of the effectivencss of the items,” Ite:a analysia haa two |

purposes; the d.etemd.natim of the difticult.y of the item ond tha determin— :

- ation of the validity of the itam. Item d:!.fficultz is meaaurad in tma of |

7St¢ad P cito » Appendix II

 Eghiselld, N "y E., and Brown, C. ¥., Personnel and Indust.rial Pa cholo
MeGraw Hill *Book Coa s Hew York, l9k8, Pe 185, | "H
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the proportion of the population tested that answers the item correctly.
Iten validity is measured by observing whsther the workers who have high
criterion scores show a better performance in response to an item than
the workers with low criterion scores. Iim which are correctly answered
by all or not correctly answered by any have no discriminating power and
should be discarded. Items on which the correct and incorrect responses
do not identify the two criterion groups are not valid and ahoum‘ be thrown
out. o

0f the two aspects, item difficulty is perhaps the easier to
meé.aure. If one item 18 passed by 90 percent of the po;inlati.on and another
is passed by 70 percent the first one is the sasier because the g@g_&_ that
any one person will get it right is greater. Items selected for the final
teat shcﬁm vary in difficulty "within the range 5 percent to 95 percent
correct answers with the majority of them having a difficulty in the
neighborhood of 50 percent.”?

m.'lford 's comments on this question of item difficulty make
1t more easily understoocdsl®

1. The single item that will indicate the Yevel of ability of
an individual is one for which his probabllity of passing is .50.

2, The most accurate test for such an individual would be made

up of items of the sams degree of difficulty. _
3. Por discriminating between the abilities of two different

individuals, the best itema is one that lies midwsy betwesn two 1tems that
could be passed 50 percent of the time by the two,

mec 2 P 187, k
10Gutlford, J. P., Psychometrie Methods, MeGraw Hill Book Co., New York,
1936) P hid e ‘



This same author points out that there is a difference between
discriminating value and difficulty that is pertinent to a discussion of
validity and difficulty in item analysis: he observes that an item has
high discriminating value if it can be passed successfully by almost all
mdividuals‘ who have abilities above the amount required to respond
correctly and failed by most of those with abilities below that point.l!

In measuring item validation the simplest method is to identify
_ two groupe of people known to differ on the trait and to compare the per-
formance of the two groups un the item in question.

Cne variation of this method is to divide the papsars on each -
question into two groups -~ one correct and one incorrect., The average
score of those who answered it correctly should be appreciably higher
than that of those who faile:d it., If the opposite result is noted or
the difference is not clear cut, the iten 1is unaatisfactcry.lz

Another way is to divide all the papers into groups classified
according to scores (for example, the top fourth, the two central fourths,
and the lowsst fourth,) Then the number of correct answers for each item
can be checked, The top fourth ought to have the largest number of correct
answers to any item, and the middle group should have more than the lower,
Where this relationship is not found the item is discarded. Gullford

mentions a case where this method was used to trim down a test containing

nlbid., P lp26.

12Ycder, Dale, Personnel ¥anagement and Industrial Relations,
Prentice Hall, Ino., lew York, 1946, p. 250.
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400 ftens with a validity coefficient of only .49 to 85 iterxs with &
validity of 7113 |

This latter method 4s similar to what Lawshe calls the “eriterion
of internal ccnsistenoy."m The extreme acoring groups may be taken as the
criterion and the performance to the two groups may be compared., (Extreme
scoring groups might be the top 208 and the lowest 20%, or the top 10% and
the lowest 10%,) He has developed a nomograph to show the relationship
between the two groups as a numberical value, The scale has been repro-
' duced in part on the following page. On the left the scale shows the
percentage of the high eriterion group passing the item and the one on
the right shows the percentage of the low eriterion group passing the
item., (The intervals along the two scales are not equidistant.) By
connecting the points on these two scales it is poseible to read off
the ®"discrimination value® on the center scale.

E@uilforﬁ, &P g_&‘, Pe 429,
uLﬁme, oD, g_j.-_t;t} P 128,
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. Lawshe states that a D value (diserimination value) of less
than .3 or .4 means that an item wouid contribute very little to the
validity of a test and that a D value of 1,2 is highly valid. As an
example of how this nomograph can be used he shows a frequency dis-
tribution of the D valuea of items in an experimental test, The table
is reproduced on the following page. The selection of a cut-off point
at .4 enables then to discard 60 items which were felt to be of doubtful

value,
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D-Value Frequenocy
1.1 . i
1.0 1

Y- 1

8 7
o7 8
b 13
o5 13
oh 12
«3 17
o2 9
o1 12
0 i,
"Ql k
"'02 1
".3 2
"ok 0
Y] 0
"06 O
"3 g
5T

Another method of item validation is égainst. external eri-
teria. Some means ia {irst found for identifying the groups, such as
over-all gﬁades in school. Then the performance of esach group on each
item is determined, Item Ho. 1 below would be valid and Ko, 2 would

not be,
70%
- 5“,
Top Middle Bottom Top Middle Bottom

Fourth Half Fourth ©  Fourth Half Fourth
ITEM NO, 1 ITEM NO. 2
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There #re, of course, many refinements of item validation too
complicated and nmwsrm to be brought into this paper. However, one
other msthod will imﬁcat.a the direction some of these have taken, In
the Vincent overlapping method, the criterion group is divided into two
parts, thosse passirig and those failing., The median score of the passing
group is established, then the percentage of the failing group who exceed
this nmedian is takén a2 a measure of validity. A high coefficient of
overlapping would indicat.o low validity.

70=PZ>an

Y0 ®= Vincdnt coefficient of overlapping
PL H{dnp = the proportion of the failing
group exceeding the median of

the passing group.

Battery Development

A test battery may be defined as "a group of items cozblined
statistically into & single measure of occupational potentiality.“w
Battery is simply a term assigned to the entire group of tests which
have been selested to be adzinistered. It is not possible to combine
into & battery all the measures of potentiality but only those which

are most important, Whether such a battery is useful or not depends

Tstead, op. cit., ps 129,
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on its validity, cest, convenience, and tims required for administration,
‘The key problem in developing a battery is ane of determining
which of the trisl tests are to be retained, The tester is interested
in having as many tests as necessary to measure different aapacba needed
on the job and in keeping the battery from being unwicldly, Tho teater
may have administersd number checking, vocabulary, arithmetic, name con-
parison, personality, snd intercat tests to s sanple group and will have
daveloped correlatiocn cbafficimts betwaen the tests and the criterion.
His next step will be $o prepare intercorrelation coefficients to show
the co-variation of the results on each test with test other test. On
» ‘the basis of these data, the best tests for incluaian in the battery can
be £ouml. Tests which show a high degree of correlation with others are
obviously measuring the same element in an mdividual and prcbably aﬂd
li’ctle to the validi’oy of a battery. Thers are several methods of select—
ing the best testa for the battery, ranging from casual inspac.tion to com=
plex statisticsl techniqﬁes. The Wherry Doblittlc Test Selection method
is one of this latter type for selecting the measures which when combined
yield the maximums validity.lé It selects the tests; it indicates when
the point has been reachad where the additi.on at another set of items to
the tattery adds more chance error than it contributes in efficiency; and
it asaigns the proper welght to each test. |

161pid, p. 131,
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B. Y¥alidit

Introduction

In considaring‘ a t.esi to be used és an aid in the selection
and placement procesa it is necea#ary to know that it actuplly neasures
what it is supposed to measure. The Jud@aent of sone expert should nat.‘*
be relied on to tell us thst the test is valid; the test should stand
or fall on the basis of scientific valldation. |

The means of mluating a test in this respect is to compare it
with something in the nature of an independent criterion - & condition
doi‘initely representing the cbmetefiatic to be measured. This criterion
ehrmld be some element or factor about the job which is Micativa of suc~=
cess or fellure inasmuch as the quastd.on is "Dm the teat aid in identi-—
fying those persons who are most apt to be successful on this particular
Job | _

Whenever possible, criteria should be objective measures of job
performance since such scorss sro less subject to erx-ors’ of Judgment and
provide a more precise diserimination of differences in proficlency. Wwhen
the oriterion makes use of job perfdrmance, the pange of proficiency of
the workers should be as large as possible. If only the best or poorest
workers are selected, the test opémtés under the severe handicap of having
to make a distinction between a good workér and a botter one or between s poor
worker and a poorer one., The validation group should contain individuals at
about the ssme levels of job proficiency and in the same proportions as they
are found on the job, | |
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After selecting the oriterion we can compare it to the test scores
by correlation analysis. |

It should be noted that where seversl tests are being evaluated,
a substantial portion of the tests will not show a satisfactory predictive
power and for that. reason one should start with iuo or three times more
tests than are desired in the final battery. This will have an effect on
the testing tims, making it much longer for the validation study than for
the time required sfter several of the tests are discarded,

General Mothods of Validation

Since validation of a test requires some criteria with which to
compare the test scores, we might select our criteria fram the following:
(1) production criteria, such as the number of bricks laid, the number of
checks listed, or t.he pleces of currency counted; (2) sction eriteris, the
measurenent of the activity while it takes place, such ss the speed with
which 1,000 checks are sorted; or (3) subjective criteria such as rankings
by & supervisor. In sddition to these we might even rely on personnel dats
such as absenteeism, length of service, rate of advancement, training time,
accidents, etc. | | »

Lawshe suggests two basic fact finding techniques for determining
whether a test will be usefuls the present eaployce method and the follow-
up method,}7 In the present employee method the first step is to analyze

l’-iu!fﬂm’ %a 2"—&" P._u.
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the job to note the demands that it places on the employee., Next, the tr_i.a.l
battery of tests is chosen with reference to the availability of employecs

and the relative importance of adequate placement of the particular job.

Then comes "one of the most important steps in the test validation 1::x'c:¢:¢sdurc&,“:La
the identifying of criterion groups, one satisfactery and the other unsatis-
factory, Next we administer the batiery of tests and compare the test re-

sults to the criterion. If both of the groﬁpa average the sames, then the
battary has no value for selecting potentially successful employees on this

Job.

The other method consists of almost the same steps - analysis of
job, selection of trial battery, and comparing test resulta. It 1s on the
third and fourth ateps that the follow-up method differs. The third step
is to test all new hired employses and the fourth step is to classify thenm
after a period of time on the basis of some eriteria.

thécm and Brown discuss the factors to be taken into consider~ |
ation in these two mstho&a.19 Workers are not similar to applicants in
training, experience, and age, and are likely to be digsimilar in terms
of interest and attitude, When established workers are used, the coeffi-
cient of norre).atieﬁ on which the predictiva power of the test is based
will "in most instances be lower in walue than if a group of applicants

-were used,” But if a test does stand up under this typs of validation
it will have even more predictive power when used with applicants because
it will have indicated its capability to distinguish between varying

wl&}uﬂff)ﬁi’ ODe 9_5_-_!‘_0, P 391
191bid., p. 172.
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amounts of ability in a restricted range. These two authors believe that

applicants should be the group on which final validation studies are made
and that, if possible, several hundred applicants comprise the group. They
also suggest that information on age, sex, training, and experience of this
group should be gathered for studies on their importance on both the test and
the criterion,.

Techniques of Measuring Validity

The process of employing statistics to determine the reliability
of observed differences and relationships so that generalizaticns can be
made with a degree of confidence is called statistical lnterence.zo_ This
is one of the concepts used in measuring the validity of tests,

_ Correlation, which is a means of describing the relationship
between two variables, gives us é way to see whether thg teat is a worth
‘while selective device. Correlation is commonly expressed in the form of
numerical values varying from -1.0 which is perfect negative correlation
to #1.0 which is perfect positive correlation, If the correlation is
highly significant, then the imowledge of the value of an iten in one
series will suggest the general position of the paired item in the other
series, For example, if the test scores are known for an individuwl on a
battery of tests which correlate +,80 with the earnings of salesgirls ina
department store, the individual's probable earnings can be predicted.

Is the correlation betwean test score and eriterion greater
than would occur by chance? If the coefficient of correlation is not above

Drdwards, A. L., Statistical Analysis for Students in Psychology and
Education, Rinehart and Co., Inc., lew York, 1947, p. 13.
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certain known chance possibilities, it shows no ussful relationship, This
characteristic can be appraised by reference to tables which show the fidu-
cial or confidence limits, (In the 5% tables are shown the values of r,

the coefficient of correlation, that would appear by chance 5 times out of
100. In the 1% table are ahM the values that would appear 1 time out of
100, If the correlation is above the value in the 5% table it is considered
significant; if it is above the value in the 1% table it is considered highly
significant,)

There is a point which concerns the reliability of such estimates
to be considered in predicting from correlations. The accurac& of the pre-
dictions will depend on the degres of correlation between the two series,

If the correlation is high, prediction may be accurate; if correlation is
low, the prediction can only be approximate, These limitations on predie-

tion are usually indicated by the standard error of estimate, This defines
the linmit within which approximately two-thirds of the estimates based on
a given correlation may be expected to fall, It is obtained by applying
the formula ou: «,V73<> where y is the criterion, r is the coefficient of
correiation and o is the at.ahdam deviation., For example, if the corre-
lation between a test and the criterion is ¢+ .90 the standard error of
ostimate is 436 sigma units on the criterion scale, This means that the
predicted score & 436 o would be correct about 68 times out of 100. 4in
additional column on some tables will also show the %efficiency" of such
predictions, in this instance about 56% better than chance,
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The table shows that a test which correlates only .80 with a
eriterion will predict only 40T better than chance, As Binghan observes,
 this "warrants thoughtful scrutiny by any user of test daﬁa who may not
have previously looked into the mathematical laws of probability. n2l

| Ghiselli and Brown suggest that the lower limit of usable co-
efficients is in the neighborhood of .35 to .40. For tests to be included
in a battery the lower limit is in the neighborhood of .20 to .25.%% In
formulating the latter statement the authors assume that the correlations

between the testa tc be combined is 40 or less.

A means of measuring test validity which does not involve corre~
lation is to compute the percentage of successful workers scoring above
or below various critical scores. The workers can be divided into success-
ful and unsuccessful on the basis of Jjob performance, and the percentage of
those successful scoring at or above the score levels can be 'Mdicaied. For

exsumples
Scors of 30 - &0% suceeasful
Score of k0 =~ 704 successful
Score of 50 ~ B80% successful

In cases where the measure of criteria is not in the form of a
contimious series of scores representing the various levels of proficiency,

the workers can be divided into excellent, good, average, and poor and the

Zi5ingham, We Ve Aptitudes and Aptitude Testing, Harper and Bros.,
Rew York, 1942, p. 257.
wm@m’ o 21_25’ Pe 185,
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validity can be determined by caleulating the average test score for each
) : ,
Ordinarily, however, where the criterion scores are in a contin-

uocus series, correlation methods are best.
Validity of Baﬁt.aries

The validity of single tests beara Q direct relationship to the
correlation between test and criterion. But the validity of a test battery
13' a functiop of the correlation between each test and the criterion as
well as the closeness of the co-variation between each test and every other
t‘as;t‘. The correlation between test and criterion should be as high as
possible and the intercorrelation between tests as low as possible., From

a validity standpoint, when adding anothepr test to a battery does not
increase predictive power enough to Justify the wark » the test can be

ignorad.

Validity and the Selection Ratio

The s election ratio is the ratio of the number of applicants to
be selected to the total nuzber of applicants avallable, As the chart on
the following page indicates, if the selection ratio is increased, the
prognostic value of the validity coefficient is decreased. And if the
selection ratio decreases, the prognostic value goes up.
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in the above 1llustration, where r is .60, if the 25% of applicants
~making the highest test acores are selected, 81 of them may be expected to
be above sverage.23 The relationship of this factor to a discussion of test
validity is pertinent to anyone planning to make use of tests in selecting

employees.

21v1d., p. 183.
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€. Reliability

Definition and Methods

In testing, the term reliabllity refers to the consistency with
which a test measures what it is supposed to measurs. "If individuals
retain the eane relative positions when measured 'twice by the same device
then that device in reliable.n

There are three general methods of finding this reliability. |
The first way is to repeat the same test on different occasions, However,
this involves the memory factor if the interval is short and the learning
factor if the interval is 1oné. A second method is to glve two tests as
nearly alike as possible. This avoids the sbove diffic#ltiea but requirss
the preparation of twice as much material. The third method is the split
test method of dividing a test inte two halves comparabie in difficulty.
Usually this is accomplished by considering the odd numbered questions as
one balf and the oven muzbered questions as the other half, -

The disadvantage to this latter method, that the reliability of
8 test is related to its length, can be overcome by applying the Spearman-
Brown formiln fnr estimating the reliability of the whole form from the
calculat.ed reliabz.lity of mlr.

2hbid., p. 186.



44
- 2 -

An example will show how easily this is done:
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( is the standard deviation, X? is the sum of the squares gt the
difference botween each odd score and the mean odd score, is the
same for the even scores, and r is the coefficient of reliabilit.y.)

+733 represents the reliability of half the test, The reliabiliby of
the whole test would be ry = _2r = 1466 a2 855,
Ter 71.733
If there is a test which has a reliability of .90 and it is
neceaaary to know how many times as long the test will have to be in v
order to obtain a reliability of .95, the tollouing variation of that for-
muila is useds

4= 95(1 -~ .90) = 2,11 times as long
090 - 095
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| (Guilford believes that the split test method when used with
mental tests probably gives an estimate of reliability that is too high
as it does not take into account changes in individuals from day to day
and month to month.2?) '

Errors of Predicting

" When a score is obtained from an individual on & given test it

cannot ba. said positively that the mmserical value represents his true
~score, There are so many factors of unreliability and so many chance errors
of administratiah and scoring that we must consider his score as a band or
zonq‘abont. the point represented by the numerieal value, To measure this
band the statistical device known as the standard error of estimate is
employed and reference is made to the band or sone as the obtained score
plus and minus this standard error, Bingham's explanation of how this
operates 1s as follows: suppose that an individual has taken three tests,
A, B, and C, with reliabilities of .96, .90, and .80 respectively. and sup-
pose he has scored just average, exastly in the middle of the scale on all
of them, Hié estimated trus score in this case would be average also. But
on test A the estimate is less likely to be in error than on tests B and C.
In test A, reference to a table of the functions of »r éhm that the chances
are 68 in 100 that his true score liss in a zone pltix; and minus the stan-
dard error of estimate of a true score which in this instance is .196 &,
Thus the szone runs from + .196 to - 196, On test B the standard error

of ostimate is & .3 o, And on test C the standard error of estimate is

25Quilford, op. cit., p. &411.
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# o o which is nearly twice the width of the zone in test A, An estimated
true score is defined as the most probable score if all variable ex-_rora of
measurenent were eliminated, It is sometimes described as the average error
the person would make if it were possible to give him & great many equivalent
forms of the test under identical conditions,26

Koét of the tests which have a value in estimating an individual's
aptitudes rangs from .85 to .97 as to relisbility and the corresponding
sbandémi errors of estimate are less then .36 but more than .17 of a sigma
unit,

Pactora Influencing 'Ralubility

The reliability of a test is dependent on & large number of factors
many of which are unrelated to each other, Some of the more important ones
_are listed belows

1. HNumber of items
The greater the number of items the more reliable
is the test.

2, Testing time
The longer the test time the greater the reliability.

3. Range of difficulty
Items that are so easy all pass or so hard all fail do
not help in distinguishing individual differences, If
the range is narrow, the reliability is greater provided
it is not applied to a group which is too homogeneous.,

4. Probabllity of chance
The more likehood of chance, the lower the reliability.
(In a two response test like the true-false, the relia-
bility for a test of 100 items was found to be about .84,
dhen the number of alternative responses was increased
to 3, 5, and 7 the rel%bility was increased to .88, .89,

and .91 respaet.i.wly.

%Bmghw, Op. Qit.’ Pe. 255-
275!111!01"1, __E d-to) Pe 417,
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Miscellaneous factors such as catch questions, distractions,

i1lness, worry, and cheating all reduce the reliability.
Reliability in Different Ranges of Ability

‘ Freﬁuentiy f:;srsons dealing with tests overlook the fact that the
reliability is higher for va test when the range of talent is wider. This
can be ea#ily ‘illustrated with a rough diagrani. The big square represents
self correlation aéoreé for a large group of the population, such as all |
the students from the _seventh grade through college, The small square
just represents a segment of the population group such as the college

seniors,

In the large population group there is a definite pattern, showing high
correlation as to reliability, while in the small group the dots are very
widely scattered with no clearly discernible pattern, |



How Much Reliability is Desiradble

There is abma differance of oplnion on Just how high the corre-
lation coefficient qf reliability should pe. Ghiselli and Brown believe
that it should be .85 to .95 if the test is to be used for selection or
placemmt-.zs Cuilford thinks that for me#suring 1rxi:hridn&1 scores it
should be at least .50 and preferably above .9&.29 And Yoder says .80
correlation is desirable, 3¢ It is probable that all of the authors are
aetting about the same limits since the validity factor influancea the
need for high reliability. It is not possible to say that unless a test
has a specified reliability, it should be discarded, A test with a
validity of .70 and a relisbility of .75 45 better than a test which has
a validity of only .50 and a reliability of .90,

Item Analysis for Relisbility

As a general rule, item analysis for reliability is not carried
out, for the reliability of items is asmeﬁ from the géneml roliability
of the entire test. If it is desi;-éd to measure the reliabllity of the
items, which in this case means whether each item is measuring what every
other item is measuring, then the testess are divided into a high and low
group on the basis of scores and the proportion of each group answering each
item correctly is computed, "If the propofl‘-icu of the high group answering it

280hiselli, op. cit., p. 186.
z%nilford’ _2. cito; P ltléo
30Yoder, op. cit., p. 247.
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correctly is significantly greater than the proportion of the low group
anewering it correctly, the item is considered reliable,t r

310&150111’ oD, s'i_&o; Pe 183,



CHAPTER IV

CONCLUSIUKS
General
" "The same job in any organigation is always performed in
slightly different ways by each person assigned to that Job because of
the differences that exist between individuals, These differences may
relate to varying degrees of Lintelligence, to dissimilaritics in motor
dexterities, or to unlike perscnal characteristics. Undoubtedly these
characteristics exert their influence in making one employee better than
another on such a Jjob., One of the steps leading to adequate selection
of exployess is the determination of just which ones of these differ-
ences contribute to Job success, The next step is to adopt selection
methods which will identify the desired characteristics among appli-
cants. SR . B o
Experience has shownn that such methods of selection as the use
of pooled judgrent, employment interviews, and application blanks are
not in thexselves highly valid determinants of the presence or absence
of desirable individusl characteristics. Judgment is influenced by
personal prejudices; interview rosults fail to disclose &ccuratély the
important individual differences; and application blanks, with such items
as age, education, sex, ard fauily background, offer the nerrowest clues
to predicting ’Jcb success, The personnel manager who chooses to rely

4
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solely on these means of selecting employees is applying ineffsctive
techniques. The technique of teating should be used to supplement other
‘xaethods.

Despite the failurs of these other methode in the field of
choosing and placing employees, industries have shown a relative lack of
interast in pursuing the develogment of more adequate techniques, Methods
of reducing thg costs of production have received a great deal of atten-
tion while the N‘field of improving employment techniques has been rele-
gated to a subordinate position,

Testing has expandéd to such a broad point that anyone study-
ing the aubjeot mist have a workable classification of tests in order
to picture more easily the various fields into which 1t has developed.

A simplified classification would include the following categories of
tests: intelligence, manual abilities, visual acuity and skill, person-
ality, and interests,

| Host authorities on testing seem to agree'tbat. firms consider-
ing the fhstallation of tests should hegin thelr operations with these
two thoughts in wmind., First, that some form of jJob analysis should pre-
cede test installation. It is not possible to develop tests which will
be adegquate predictors of job success without knowlng enough about the
qualities needed on each job to select the appropriate tests, Second,
it is better to use a combination of tests since all jobs require more

than one ability and since no one test can measure sll abilities.
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Types of Tests

Tests of intelligence are constructed to measure the different
mental elements of the over—all component of intelligence. They rely
on question items such as opposites, similars, analogies, pictures of
structures, coding, and number problems., The questlons attempt to measure
muber facility, word fluency, a person's sbility to viswalize forms and
shapes, and his memory span. In addition, they attempt to measure an
individual's speed and his ability to reason. Tests of this type seem
to bs highly relisble in testing for clerical success. Nore particularly,
they are helpful in determining the level of wark forl which an individual
is best suited, Probably their best use is in el.iminating those eppli-
eants whose high intelligence would make them dissatisfiad with the work
and those whose low intelligence would not qualify them for deing the
work.

Manual ability denotes those things we can do without further
training and includes such motor abilities as finger dexterity, coordina~
tion, rhythm, speed, reaction, and precision., It should be noted that the
various motor abilities bear little relation to each other. An individual
who has extreme skill in tapping at fast speeds may have poor finger dex-
terity. These tests usually consist of peg boards, assembly devices,
tapping devices, etc., and cne of their advantages is that they are simple
and very sasy to administer. Valldity of these tests is highest when the
tests are closely related to a careful analysis of the skilla required
on & particular task, For example, operators of an IBX proof machine are
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required to pick up individual checks and drop them into a slot after
operating a one-hand keyboard to list the dollar amount. The lmportant
phase of t.hia operation is not the precision with which the operator can
drop the check into the slot but rather her finger dexterity in separating
one check from a pile of checks and her eye-hand coordination in trans- .
porting the check from its initial position to the slot opening and reléas-
ing the check at that point. In designing a test of abilities in this type
of work a therough analysis would' indicate the relative importance of finger
dexterity, eye-hand coordination, rhythm, speed, etc. The application of
tests 80 egelected gives test results which correlate highly with success-
ful employees.

- Since many jobs call for a specific visual skill, the eye tests
being given by many firms today may be causing the rejestion of applicants
whose vision would make them ocutstanding on a job, Hosiery menders must
have keen vision at approximately 8 inches, Adding machine opsrators
engaged in listing checks rmst have keen vision at about 15 inches. The
ordinary eye test which measures visual acuity at 20 fut doaes not have
an adequate relationship to these specific job demands. The visual require-
ments of jobas should be studied in an effort to utilige most efficiently
an employee's visual assets. A new technique for tssting such assets has
been developed by the Purdue Industrisl Vision Institute and can be admin-
istered with the aid of a wachine called the ortho-rater. It will provide
employers with a better tool for selecting and placing employees on the
bagis of visual skills,



s

In addition to the physical and mental attributes mentioned
above, an employee's responses to situational demands are another determi-
nant of job success. In some jobs there is a definite requirement for an
individual who reacts in a specific pattern to persons, things, and situa-~
tions, To predict with any dogree of accuracy how an individual will react
requires a knowledgs of the personality traits of that individual and it
is ths purpose of personality testing to disclose the presence or absence
of thu various traits. For this reason such tests are becoming increas-
ingly importunt - primarily for placement purposes. Of major importance
in any consideration of perscnality testa is the fact that unreliability
ie probably greater than in any other type of testing. The answers to
the vaﬁ.ous questions aro subject to distortion by the person tested,
particularly when the teéts ars used in the hiring stag_a'. Furthermore,
since most of these tests roquire interpretation by a psychologist, thelir
use by many pesrsonnel managers may be problematical., However, since most
cities have college testing buresas or mental clinics which are usually
cooperative in administering or interpreting tests of this nature, thelr |
use should increase.

Intereats tests achieved their greatest success in the field
of vocationsl conseling and have subssquently been applied to selection
and placement. Since a person's enjoyzent of work has a distinet bearing
on his efficiency at work, it is apparent that his interests are related
to his success. Interest tosts are construoted around the idea that an
individual can measure his likes and dislikes end that by comparing them
to the likes and dislikes of occupational groups can sce the simllarity



of his interests to various vocations, Care should be taken in the use
of such tests where the perscn to be tested has been in a particular
occupation for any length of time because in these cases his interests
have a ‘tendenc;r to becone idmtiried with that line of work. From an
industrial standpoint, the tests offer more advantages in the placement
él' employees than in their selection.

Test Construction, Validity, and Reliability

Test construction involves the selection of eriteria against
which the results of the test can be measured, the selection of itens
to be used in the test, the development of sets of these items, the
analysis of each item, and the combining of the sets of items into a
battery. Such things as production data, personnel data, Job samples, .
and employee progress reports are useful as oriteria for evaluating
tesf.s. The choice of a test or the originé.l designing of a test can be
made much easier by studying the results of earlier investigators. After
the test has been chosen or designed and tried'out, it can be analyzed
item by ftem by applying some of the statistical techniques of item
analysis. This will be helpful in improving the tests and making adjust-
rments in i.t with regard to difficulty and length. | |

The validity of a test, one of its more important characteris-
tics, can be determined by comparing test results to some independent
measure which re:leoté the qualities needed on the job, To phrase this
anct_.her way, valldity. consists of ascertaining whether the persons who
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do well on the Job also do well on the tests. It can be measured by '
simpler methods such as the averages of criterion groups or by the
application of statistical techniques, A coefficient of corralation
of & .35 to ¢ 40 between the test and the criterion appears tobe a
useful minfmum standard.

Another important characte;jistic of tests is their reliability.
This characteristic, the consistency with which a test measures what it
is supposed to, is subject to more external factors than validity. It
can be influenced, among other t.hinga » by the number of items in a tést,
the amount of time it takes to complete the test, and the range of diffi-
culty of the it@. Por most tests reliability should be between + .85
and + .95 although the reliability can be slightly lower if the validity
is nigh.

Present and Future Probleca

Although testing has been extensively developed during the past
50 years, there are several problems to be faced in applying tests to the
actual selection and placement of employees. Such problems can be grouped
in the following manner:

A, Limitations of tests. o

Personnel managers in their efforts to introduce the subject of
testing to management should point out thoroughly that tests cannot per-
form miracles., One of the reasons why there was a delay in the develop-
ment of testing teotmiquesvlv:y industry was that numeroué f£irms rushed to
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use this new technique during the 1930's expecting the tests to work
wonders, The subsequent disappointment in the results as measured by
their expectations led to tha discarding of test programs in a whole-
sale manner, Hmphasis should be placed on this aspeot of testing when .
tests are pregented to management as a worth while project., Personnel
managers would do well to stress that the best personnel on any job
means less supervisory problems as well as more efficiency and to point
out that ®"personnel testing can contribute to these abjoctivea.“l, Tests
should not be repregsented as a cure~all for management problems, and they
will not always yleld excellent results., A testing program can be best
measured in terms of whether it selects fewer paor‘ employess and more
good employees than previously used employment practices, HMHost tests
have either met this standard or can be tried in a particular situation
to see whether the standard can be met,

B. Seleoting the proper tests.

The solection of the proper tests to be used by any particular
concern with regard to any particular job is a minor problem, By making
the analysis of the job from t.hc standpoint. of ite skill requirements and
by sﬁudylng the work of other investigators it is easy to draw up a list
of suitable tests with }wh.ich to experiment., If there is any difficulty
in this caze, it liea in the fact that there are too many tests to choose
from and the inexperienced employer must rely largely on what he can read

liawshe, C. H., Principles of Personnel Testing, McGraw Hill Book Co.,
New York, 19‘&8’ Pe e
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about tho vérious tests, Bingham, in the appendix to Aptitudes and Apti-

tude Testing ,2

presents a thorough summary of many of the outstanding
tests as well as statistical information about them showing their useful-
ness., And other texts discuss the practical usefulness of many tests in
wany situations,

A subordinate part of this problem is the applicability of
testing to supervisory or exeoutive positions, Ordinarily, in organica-
tions these positions are the most momt both from a salary point
of vicw as well as from an organizational standpoint, ‘rasung !’or posi-
tions on such J.evais has not achleved as much success as it has for

“elerical and manual positions., It is quite possible that in the next
few yoars, with the attention that this problem is now receiving, ade-
quate tests for these positions will be developed, The present compli-
cation in this phase of the development of testing lies in the determin-

_ation of exactly what characteristics produce good executive material,

C. Use of tests by smaller firms,

‘The use of tests by the smaller firms, those with leas than

1,000 exployees, will probably never bs completely solved, Most testing

requires a highly trained administrator and the size of these firms pre-
cludes the possibility of their having such a person. The amount of

training necessary is open to some question. Many writers believe that a

psychologist with cleriesal 'experieﬁca should be put in charge of all test-
ing programs, Other writers have pointed out that any reasonably intelli-

<pingham, W. V., Aptitudes and Aptitude Testing, Harper and Bros.,
How York, 1918.
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gent peraonnel man with some specialized training in testing techniques
and evaluation can administer most of the tests. For this reason many
universities are offering speclalized courses and training either through
their regular curriculum or through inatitutes and eeminars to encour&ge
personnel men to use teaiing and to teach them the information they need,
It should be possible over a period of years to éupply industries hning
less than 1,000 umployoeé with men who have had or can‘ obtain this train-
ing and can also perform other duties for the company. Also of help in
meeting the} problen of tﬁe small concern 'are the testing bureas of schools,
the aié of local pa&chologists s and the testing work done by the state
employment services,

‘D, The use of personality testing in industries, v ‘

This field of testing is boing subjected to a great amount of
reaearch and study, In.aost 1natancea‘, excapt for & few of the rather
insignificant tests, this type of test has been administersd only by
trained psychologists. Iué.amxich as this is a more difficult field of
tasting both from .the sbandpéint of administering the tests and 61' interw
preting test results, | its usage has been confined to concerns where psycho-
J.ngista are _availaﬁle or \iheru the concern has easy reference to cutside
advice by trained men., It ia doubtful if the interpretat.ion of such tesate
will ever be aimpliried to tt:a” point where the ordinéry éonpany withcut a
man highly trained in psychology will be able to make satisfactory use of
them, It may be that some émcerns will £ind it posaible to select a
aembar af their pfesent personngl crganiza.tim and seﬁd hiu to a univer~
ai‘ty. for this type ofv training.‘ Hany‘univmitiea hé.ve irmugniratad
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courses of study to teach such techniques as the Rorshach method to
industrial representatives and perhaps other personality testing tech-' .
niques will receive the same treatment in the future, However, for the
ordinary firm there is still another problem, and that is the deternin-
ation of what parabnality characteristics are needed on variocus jocbs,
Here again the results of other investizators may prove helpful btut
generally the amall concern with its lack of clear demarcation among
the various types of jobs will always have difficulty in determining what

part temperament plays in each job.
ﬂmtion/

It is understood that the final test of ability is an employee's
actusl efficlency on f.he job. There are, however, certain individusl
qualities, which influence this efficlency and which can be measured
befors an employee is on the Job, Inasmuch as human  judgment is subject
to many errors, the use of tests in alding the selection and placement of
amployees offers advantages, In many companies today there are employees
who are doing unsatisfactory work in the positions to which they have been .
assigned. This situation results in inferior work and high turnover. Any
improvement which can be developed to select employees as well as to place
them will be financially worth while,

While tests have repcatedly shown high correlation with produc-
tivity, wages, turnover, and adjustment to work, anyone using or planning
to use them should recognize their limitations and weaknesses, They should
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realize that such teats do not cénstitut.e a perféct instruxsnt for
relating individual traits to occupational requirements. A great danger
lies in tost usage by persons who expect too much of them, Users of
tests should realize that when statements are made to the efféot.that
they will improve smployment techniques, it does not mean necessarily
that tests will selsct the best possible employees. In many cases a
test will only rule out ‘applicants nhoéo chances of success are poor,
Even this, however, is an improvement on many employment practices,

Current and éroapective ﬁsere of tests can be guided by the
following principles: o

1, Job requirements should be carefully analysed and studied
before making use of any tests, }

2., On the basis 'ot this analysis, tests ahould be chosen which
measure those skills actually called for by the job,

| 3. ‘Aftar administering the tests to experimental groups, the

results should be copared with some carefully selected criteria.

, h‘. The uger should keep in mind that testing is simply a
scientific 'supplmnt to other employment and ’placement procodurss and
ahoﬁld not expect startling results in the quality of employees selected
or placed, o |
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