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ABSTRACT

PREDICTING BUCCESS IN TIME STUDY

The inherent qualities that a man should possess in order to be-
come & good time study man have been listed by almost every author in
the Industrial Engineering field. An analysis of these lists revesls
that the traits deemed necessary are not peculiar to success in time study
work, but rather, that they are traits which would be essential to succeed
in any field of endeavor. It is the purpose of this thesis tc determine,
in so far as possible, exactly what, if any, traiis characterize the
successful time study man,and to determine if success in this field can
e predicted on the basis of certain aptitude tests which purport to measure
these necessary traits.

Thirty-four practicing time study men were given aptitude tesis,
which purportedly measured thelr general intelligence, ability in
structurael visualization, personality, and degree of interest in certain
types of activities. Two measures of Jjob success were obtained for each
man. His immediste supervisor was asked to rank him in overall performence
and to grede him on each of seven factors listed on a rating sheet. It
was then determined what degree of correlation existed between Jjob suc
cess and those aptitudes listed above.

The results indicsted that intelligence is the one trait most
essential for success in time study work, and that ability in structural
visualization is helpful. A4 high degree of interest in mechanical

viii



activities may be indicative of success in this field. A lack of inter~
est in the literary and musical fields was found to be one of the
characteristics of the successful time study men. On the personality
test the successful men tended to melke scores which indicated co-opera-
tiveness.

The correlaticon coefficients between Jot success and aptitudes,
although statistically significant, were relatively low. ¥For this reason
it was concluded that the aptitudes measured by the tests used in this
study do not slone constitute & sound basis for predicting success in
time study work. However, it is felt that the provlem merits further

investigation.
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CHAPTER I

INTRODUCTLION

Stop-Watch Time Study

The term stop-watch time study as used in this paper refers to the
practice of setting a time standard by having a qualified individual go
into the shop and actually time a job by means of a stop-watch. The
term should connote the idea of a time study man observing an cperation
with clipboard and stop-watch in hand. In no way should this term e
confused with the practice of arriving at the standard time by the
synthesis of predetermined time wvalues.

Throughout the remainder of this paper reference to time study men

means those men who practice stop-wateh time study.

Duties of a Time Study Man

A time study man in the course of his job of arriving at the stand-
ard time for a particular operation will perform the following duties.

Job Analysis.--The first duty of a time study man should be that of

analyzing the job. This includes the application of the "questioning"
attitude as to the necessity of and logical sequence of the individual
sub-operations. Obviocus violations of the principies of motion economy
should be corrected, and any methods improvements which can be readily
effected should be carried out. Once this has been done the corrected
standard method will be prescribed and recorded. The time study man

should have the movements which constitute the standard method well



fixed in his mind, since throughcout the actusl timing operaition he will
be required to make certsin that the standard method is adhered to at all
times.

Job Description.--Next a rnarrative description of the Jjobt is recorded.

This should tell briefly in simple language what steps the operator per-
forms to complete the Jjob.

Recording of Pertinent Data.--Here the time study man should make note of

the operstor's name, the time and location of the study, the names and
types of Jjigs, fixtures, and eguipment used, and any other miscellaneous
information which is deemed pertinent. In addition, a sketch or diagram
of the work place layout should always be included.

Elemental Break-down.--The Jjob is then divided into elements which can be

effectively timed. The good time study man will perform the break-down
in such a manner that element beginning and end points are easily identi-
fied and thus readily timed.

Actual Timing.--After all of the above dutiezs have been performed, the

time study man is then ready to carry out the actual timing of the opera-
tion. 'This consists of observing and recording, by elements, the actual
time taken to perform the job.

Rating.--Rating is that process by which the time study man compares pace
or speed of movement of the operator being studied with a preconceived
standard pace. A4 rating factor may be assigned to the operator's over-
all speed on the entire study, or om a cycle or elemental basis.

Normal Time.--The normal time is then arrived at by multiplying the

mean or average time for any one element by the appropriate rating

factor, which is an index of the operator's pace. The summation of the



individual normalized elemental times gives the normal time for perform-
ing the operation.

Determination of the Standard Time.--Allowances for the operator's person-

al time, fatigue, unavoidable delays, and factors of this nature are then
determined. These are added together to form an allowance factor. The
normal iime plus the normsl time multiplied by the allowsnce Tactor msake

up the final standard time.

Hature of the Work

The time study man is in apn important butl many times unenviable
position. Time standards are in many cases used to compute wage incen-
tive rates, which in turn determine the actual wages carried home by the
workzer. The effects that this factor has on the workers' attitude toward
the time study man are far-reaching to say the least. In some cases the
workers have developed, due to certain past melpractices of time study
men, attitudes which are antagonistic and unfavorable to the atmosphere
of nutual co-operation which shouvld be present for the best results to
be obtained in arriving at the standard time.

And all too often the time study man is caught between two forces -
labor, which seeks "loose’ standards; and management, which exerts pres-
sure to create a situation favorable to higher production rates and lower
unit labor cost. It is the role of the time study marn to reconcile these
two forces and educate the labor forces, showing how increased productiv-
ity benefits all concerned, while at the same time pointing out to
menagement that a satisfied worker is a highly productive worker.

From the foregoing it is cbvious that throughout ithe course of

his work the time study man will be called upon to solve numerous



problems in human relaticns. In the actual mechanics of his job he is
required to analyze, 1o cobserve, to exercise good Jjudgment, and be com-

petent in clerical work.

Desirable Qualities in Time Study Men

Knowing the duties of a time study man and something about the
nature of the job he must periorm, the next most logical guestion to
consider is what qualities are desirable in time study men?

Shumard (1) lists twenty-four inherent and acquired qualities
which are necessary in the make-up of a successful time study man. These
range from those essential for success in any walk of life, such as hon-
esty and sense of fair—pléy, to salesmanship and leadership. Judgment,
analytic ability, and observational powers are among the more important
treits listed.

It is believed that the make-up of a good time study msn

is comprised of 80% -- 20%. The 80 per cent can be called
contact. The other 20 per cent can be called education and
common sense. A time study men might be equipped with the

20 per cent make-up and fail miserably. Despite his brilliance
end common sense, he would not reach first base without contect.

The above paragraph indicates the importance Shumard places on the
time study man's ebllity to get along with other people.

"A good time study man should have, primarily, an anslyticel mind,

1

accuracy, initiative and optimism,"” state authors Lowery, Maynard, and
Stegemerten {(2). In addition they list personality, tact, patience,
better-than-normel Jjudgment, and self-confidence as being important
factors.

Carroll (3) states that the type of mind required for a good time

study man is not unlike that of the sales engineer. He must possess



"a pleasant personality, a desire to be helpful, tact, persistence,

energy and a mechanical bent.” Sound judgment is also emphasized.

Some Qualities Actually Found in Time Study Men

In 1941 the Northern New Jersey Chapter of the Society for the
Advancenrent of Management appointed a committee, headed by R. D. Mansfield,

to work on The Pevelopment of Alds in the Selection of Time Study Men.

The Committee gave various tests to small groups of industrial engineers
actually emplcoyed in time study work. The findings of this committee are

reported in & series of articles by Phil Carroil (4,5) in Modern Manage-

ment, 1946. Traits tested were divided into three mein categories:
(1) human relatioms; (2) aptitudes; and (3) interests. A further break-
down of these traits, results of tests given, and other pertinent informa-

tion is given below.

Human Relations

Personality

Test Used: Quilford-Martin Personnel Inventory I

Personality was measured in terms of these three traits:
Objectivity -- as opposed to personal reference or a

tendency to take things personally.

Agreeableness ~- as opposed to teligerence or a domi-
nating disposition end an overreadiness to fight over

trifles.

Co-operativeness -- as opposed tc fault finding or



Over-criticalness of people and things.

Trait: Sample Size: Time Study Man's Score:

Chjectivity Small lMean score corresponding
to the Ttth percentile

Azreeableness Small Mean score corresponding
to the 58th percentile

Co-operativeness Small Mean score corresponding
to the 73rd percentile

Aptitudes

General Intelligence
Test Used: Otis Employment Test Form 2A. Intelligence
is divided into these elements: MNumber{arith-
metic), Verbal Meaning(vocabulary), Space(structural},

Word Fluency, Reasoning, and Memory.

Besed cn a sample of size forty, resulis showed that the in-
dustrial engineer's mean score corresponded to the 90 percentile and

an I of 121.

structural Visualization

Test Used: IMinnesota Paper Form Board Test

Dased on a sample of size Tifty, results showed that the in-
dustrial engineer's mean score corresponded toc the 93rd percentile of
all male adults and the 45th percentile of freshmen engineering school

students.

[
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Arithmetic Reasoning

Test Used: Problems devised by B. V. Moore of Pennsylvania State College.

Based ocn a small sample size, results showed that the industrial
engineer's mean score corresponded to the 87th percentile of the zll adult

population and the 8lst percentile of high school graduates.

Mechanical Comprehension

Test Used: Bennett AA Mechanical Comprehension

Based on & sample of size sixty, results showed that the industrial
engineer's mean score corresponded to the O5th percentile of candidates
for technical courses, the 20th percentile for engineering positions, and

the 45th percentile for engineering school freshmen.

Interests

Test Used: Kuder Preference Test (technically called Kuder Preference

Record)

1

Measured the following interests with percentile scores™ as indicated:

Persuasive -- T8th
Mechanical -~ 75th
Social Service -- T3rd
Computational -- GOth

Musical -~ 50th

lA mean score corresponding to the ThHth percentile or above is
considered indicetive.



Literary interest -- 50th
Scientific -- L5th
Artistic -- 37th

Clerical -- 35th

Selection of Time Study Men

It takes all kinds of people to make the world and it would
seem that we have representatives of all types in timestudy work.
This may be so for a number of reasons, but probably two are
important in this discussion. To begin with, many of us do not
fully understand the requirements for success in the work. This
lack of understanding would account for some portion of those in
time study who were incorrectly selected. These men may be work-
ing diligently, but without success because they are doing the
wrong things. The fauit lies with the men or their managements
for not taking the trouble to find out what the job regquires.

Secondly, too many men get into time study work acciden-
tally like they do in most other fields of endeavor....

It is because of this large proportion of misplacements
that testing and selection are so important. It is such a
waste of manpower to have people working at jobs they don't
like. More particularly in time siudy, the wrong types of
men can and do play havoc with one of our most fundamentsl
and highly important economic factors - wage incentive.

In these paragraphs Carroll {4) forcefully sums up the state of
affairs as they now exist, while indicating that testing and selection
techniques are the answer to the problem. And it may well be that test-
ing and selecting are the answer - but at this date it is not known what

qualities are essential to success in time study work, and therefore it

is not known what to test for or how to select. True, it has been

generally stated in rather broad terms what traits are essential for time
study success; but a careful analysis reveals that these tralts are
essential to success in almost any field. What part does general intel-

ligence play in the success of a time study man? What significance does



proficiency in structural visualization have® What type of personality
makes for success 1n time study work? Does the successful man in this
field possess a large degree of mechanical interest? Is he characterized
by his objectivity in dealing with problems? Can we identify.job success
with any of these traits - or do they have no bearing on the problem at

all*

Purpose of The Research

Eriefly, it is the purpose of this research to determine in so far
as possible what inherent qualities meke for success in time study. If
the questions brought forward in the previous section can be answered
satisfactorily, a major portion of the problem of selecting men for time
study will have been solved. For once those gualities essential to
success are known, there remains only to develop adeqguate means for
measuring these gqualities, and it is entirely possible that a battery of
currently existing psychological tests can be adapted for these purposes.

One goal of the industrial engineering profession and studies
such as this should be the design of a battery of tests the results of
which would indicate a man's suitability for and chances of success in
time study work. It should be emphasized that the resulis of this parti-
cular research can in itself give no sound basis for the design of the

test battery, but it is hoped that it will contribute to that end.
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CHAPTER II

PROCEDURE

Job Success and Inherent Qualities
In sttempting to correlate job success with the time study man's
inherent qualities, obviously, the first tools needed are some neans of

nmeasuring each.

Job Buccess

In this study two measures of Jjob success were used. One was a
man's rank within his own group as to overall performance and the other
was the total number of points he received on a rating sheet, which was
intended to be a measure of success in terms of seven key factors. In
both cases the man's ability was Judged by his immediate supervisor.
Ranking.--The time study man's immediate supervisor was asked to rank
each man from best to worst with regard to overall performance on the Job.
The supervisor was urged to differentiate bvetween the men, if at all
possible, and thus avoid having two or more men ranked at the same level.
Rating.--The supervisor was also asked to rate each man according to
these factors: quality of work, quantity of work, personel contact,
rating ability, Jjudgment, observational power, and analytical ability.
Each factor was divided into five degrees by writing five descriptive
phrases, each denoting some state of proficilency for thaet particular
factor.

The arrangement of descriptive phrases under each factor followed
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no set pattern. That is, the phrase denoting the highest proficiency was
not always at the extreme right with the phrase denoting the lowest pro-
ficiency at the extreme left with others graduated between these two
extremes, but rather the phrases were arranged in a random fashion. This
was done to eliminate in so far as possible the "halo" effect.
One point was arbitrarily assigned to the lowest degree for each

factor and five points to the highest degree. Thus the maximum number of
points any one man could receive would be five points for each of the

seven factors, or a total of thirty-five points.

Inherent Qualities

It was decided to attempt to obtain some measure of the time study
man's personality, general intelligence, interests, and spstisgl visualiza-
tion ability. The four tests chosen for this purpose were the Guilford-
Martin Personnel Inventory, the Wonderlic Perscnnel Test, the Kuder Pref-
erence Test, and the Minnesota Paper Form Board Test. These tests were
recommended by Dr. Joseph Moore, head of the Department of Psychology at
Georgia Tech, and are reported to possess a high degree of reliability.
Even so, it would have been desirable to have given other tests in addi-
tion to these. Unforiunately the time element would not permit it. This
battery of four tests takes approximately two hours to administer.

Guilford-Martin Personnel Inventory I.--~This is a 150-question test which

purports to measure personality in terms of objectivity, agreeableness,
and co-operativeness. This is the exact same test that was used by the
Society for the Advancement of Management Committee in their study, which
was briefly described in Chapter I. There is no time limit on this test

but most people complete it in about thirty minutes.
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Wonderlic Personnel Test, Form A.--This test has a time limit of twelve

minutes and consists of fifty questions of problem-solving ability. The
results is a measure of general intelligence. Very rarely does an
individual complete the test.

Kuder Preference Test, Form BM.--Interests are measured and divided into

nine categories: mechanical, computational, persuasive, social service,
musical, literary, artistic, scientific, and clerical. This is a non~
time limit test and consists of 170 questions, each of which contains
three types of activities. Those being tested are asked to select the
activity they would most like to do and the one they would least like to
do, leaving the intermediate choice blank. Forty«Tive minutes is con-
sidered the average time required to complete this test.

Minnesota Paper Form Poard Test, Series MB.--In sixty-four questions this

test purports to measure structural visualization. Occasionally some

individuals finish before the twenty-minute time limit expires.

Obtaining the Samples

Semples in this case, naturally, refer tc time study men. A con-
servative estimate of the number of men who practice time study work in
the Atlanta area would be one hundred and fifty. It was hoped that Tifty
of this group could be persuaded to participate in this research project.
Actually only thirty-four men were tested. The reasons for this are
numerous. Many men considered the time required to take the test {two
hours) objectionable; not a small number were employed in industries which
were working overtime and they were too busy to take the tests on the Jjob
and too tired 4o be interested in an after-hours basis; in numerous cases

company policy did not permit the release of employee ratings or rankings
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no matter whet security was offered; in some companies the supervisors
Just did not care to co-operate; and in others the time study men them-
selves were cold to the proposition, possibly due to fear that the results
would find their way back into the hands of the supervisors, who would in
turn use them as & basis for dismissal. These are some of the reasons
why the sample size is small; they are listed not as an excuse but
rather as an explanation.

How the data were obtained, the conditions under which they were

obtained, and other information pertinent to the testing is listed below.

Contacting

Initial Contact.--The initial contact was in all cases with the supervisors

by telephone, at which time the program was broadly outlined. If he
appeared interested and likely to co-operate a second meeting was arranzed
at his office.

Secondary Contact.--At the second meeting the program was outlined in

detail. The supervisor was told exactly what was hoped to be accomplished
by the research. At this time it was emphasized that the time study men
would be assigned numbers so that no personalities would be involved and
that only he, the supervisor, would ever have knowledge of the name-number
key. It was further emphasized that the name of his or any other company
would not be mentioned in the writeup, and that no comparisons would be
made of companies, as such. It was Telt that the time study men, the
supervisors, and the companies should be given all the security possible,
and certainly this would in no way hamper or affect the outcome of the

research.
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Approaching the Time Study Men.--In thirty-two out of thirty-four cases

participation was voluntary with no pressure whatsoever being exerted
vy the supervisor. The time study men were told that the research was
for purposes of learning some characteristics of time study men. They
were not told that they were to be rated or ranked. They were familiar-
ized with the security system and told that their test scores in per-
centiles would be sent to them under sealed envelope in care of the
company according to the number assigned to them by their supervisor.

If the men were receptive to the idea of being tested a suitable
place, date, and time were then agreed upon.

Testing Location.--In some cases the men were allowed to take the tests

during working hours on company property while in other cases the tests
were given on the men's own time at some convenient location.

Sample numbers one through four, thirty-two through thirty-six,
and forty through forty-one were given the tests during work hours on
the company's premises. Sample numbers thirty-seven through thirty-nine
were glven the tests during off hours in the annex of a church adjacent
to the company's plant. All the others were tested on the men's personal
time in the A. French Building at Georgia Tech.

An Explangtion.--It will be noted that thirty-four samples were taken yet

the sample numbers range from one to forty-one. This is due to the fact
that some of the men who were assigned numbers were never able to take
the tests.

Administration.--In the actusl sdministration of the tests the directions

were carried out to the letter; thus all the men were told exactly the

same thing. The tests were, in all cases, given in this order:
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(1) Guilford-Martin Personnel Inventory; (2) Wonderlic Personnel Test;
(3) Kuder Preference, and (4) Minnesota Paper Form Board. The men, if
they so desired, were permitted a short break between tests, and they
were allowed to smoke at any time. The administrator was careful not to
notice the results of any tests while those being tested were present
and tried to maintain an impersonal attitude at all times.

Timing.--The timing, where necessary, was done by means of a decimal-
minute stop waich.

Scoring.--The scoring of the wonderlic Personnel Test, and the Guilford-
Martin Personnel Inventory test was done by hand. The other two were

scored by machine.

Division of the Group.--Time study men from six different organizastions

make up the total group of thirty-four. Pertly vecause there is no way
to integrate individusl sub-group rankings and partly for convenlence of
analysis the group was split into six sub-groups, numbered one through
six, according to companies. The largest group consists of sixteen men
and the smallest of two men. Sc that the companies may remain anomymous
they are not listed in this report.

Type of Work.--All of the men tested are sctively engaged in time study

work. Most of them do other types of industrial engineering work also,

but they sre primarily employed to set time standards.

Methods of Analysis
The data are such that they lend themselves to many and varied
types of statistical analysis. Doubtless there are avallable almost a

countless number of mathematical manipulations which can be spplied to
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these sets of data. However, there is no particular merit in carrying
out these manipulations except in those cases where they will prove the
means to & worth-while end.

The‘techniques employed were those that were deemed to be the most

fruitful for the purposes of this research. These are listed below.

The Average

As a matter of general interest and as & basis of comparison of
this group with other groups the arithmetic mean score of all thirty-four
samples for each test was calculated, These raw scores were then con-

verted to a percentile score.

SimPle Correlation

Simple linear correlation, treating the six sub-groups as cne
single sample, was run between raw test scores and total number of
points received on the rating sheet.

Significance Tests.--After the coefficients of correlation were computed,

they were tested to see if they were significant from zerc at various
levels of confidence.

Scatter Disgrams.--Scatter diagrems were plotted for each pair of co-

ordinates and in those cases where the correlation cocefficients were
significant at a high level of confidence a straight line was fitted to

the data by the means of least squares.

Rank-Correlation

There is no sound method to integrate the rankings of the individ-
ual sub-groups, but each sub-group can be treated as a separate sample.

A ratk-correlation between test rank and overzll job performance rank
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was calculated for the sub-groups of size four or above. For groups
smaller than size four the ranmk-correlation coefficient is for all
practical purposes meaningless.

Significance Tests.--Each rank-correlation coefficient was then subjected

to & significance test, the hypothesis being that the coeffTicient of
correlation eguals zero. It was then determined &t what level of confi-

dence this hypothesis could be rejected.

Difference Between Mear Scores

The time study men were ranked from one through thirty-four,
according to the total number of points received on the rating sheet.
Those men who formed the bottom 12 ranks and those men who formed the
top 12 ranks were selected for this analysis.2

The mean test score of those men who constituted the bottom 12
ranks was compared with the mesn test score of those men who constituted
the top 12 ranks for those traits which showed significant correlation
with the total number of points received on the rating sheet.

The null hypothesis, which assumes that these two sample mean
scores were drawn from populations having identical means, was stated.
It was then determined at what level of confidence thils hypothesis

could be rejected. A rejection of the hypothesis constituted proof

that the two mean scores were significantly different.

2The original intention was to divide the group intec two
sections of 17 men each, but a tie of seven men (each received 26
points) for ranks 13 through 19 prevented this.
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CHAPTER IIT
RESULTS

Tests

A complete list of individual test resulis by raw and percentile

scores has been included in the Appendix, Tables 4 through 17.

Mean Scores

Meean(arithmetic) scores for the various tests and the eguivalent
percentile scores are listed in Table 1, which is included in this
chapter. In sddition the lowest and the highest test scores obiained,
with their corresponding percentile scores, have been tabulated.

The following facts, plus some pertinent comments, summarize the
results found in Table 1.

General Intelligence (As measured by the Wonderlic Test).--The mean

intelligence score for the group was 31.2 correct answers out of a
possible 50. This score corresponds to a percentile score of 76.1. On
the surface this score may appear rather low; however, in fairness to
this group it should be pointed out that a mean score eight-tenths of a
point higher would have placed them in the next percentile bracket, which
is 85.6.

Struvctural Visualization (4s measured by the Minnesots Paper Form Board

Test).-~-The range of scores on this test was particularly large. They
varied from the first percentile to the 95th perceniile. The mean score

on this test was 47.3. This score places the group in about the 43rd



percentile bracket, which is extremely low.

Personality (As measured by the Guilford-Martin Personnel Inventory).--

Mean scores obtalined for objectivity, agreeableness, and co-operativeness
were ejuivalent to percentile scores of 89, 77, and 89, respectively.
These scores would seem to indicate thatl the group ranked relatively high
on three personallity traits.

Interests (As measured by the Kuder Preference Test).--Percentile scores

indicate that the group was most interested in activities of a mechanical,
computational, or scientific nature. The group was least interested in
getivities of & clerical, social service, or persuasive nature.

Comparison with Results of the Soclety for the Advancement of Management

Study.--A comparison of the percentile scores of this group with the
percentile scores of those tested by The Society for the Advancement of
Managzement (see Chapter 1, pp. 5, &6, 7, 8) reveals that: (1) this group
ranked slightly lower in general intelligence3; (2) in structural visuel-
ization the S.A.M. group and this group's abilities were approximately

the same; (3) this group ranked considerably higher than the S.A.M. group
did in objectivity, agreeableness, and co-operativeness; and (h) the

S.A.M. group showed the highest interest in activities of a persuasive,
mechanical, or social service nature, while this group was most interested
in activities of & mechanical, computational, or scientific neture; under
the heading of least interested, the S.A.M. group lists clerical, artistic,
and scientific activities, while this group lists clerical, social service,

and persuasive activities.

31t should be noted that these two groups did not use the same
intelligence test.
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Results of Measures of Job Success

The total number of points received on the rating sheet, plus
the number of points received for any one factor, and his ranking with-
in his own group is listed for each time study man in Tebles 18 and 19,
in the Appendix.
Rank.--Analysis of the table reveaels that there were only two instances
where the time study men were ranked at the same level in overall per-
formance. This occurred in sub-group three, where two men were ranked
14th, and in sub-group four, where three men were tied for the second,
third, and fourth positions.

Rating Sheet.--The minimum total number of points received any individual

was 12-8h and the meximum number received was 34, The arithmetic mean
score was 26.3, the median score was 26.0, and a total of 26.0 points
was awarded to seven different men, making 26.0 points also the mode
score. Five men received a score of 29 points, and ar analysis of all
the scores shows that 24 out of 34 men received a total score which was
vetween 24 and 30 points. It Should be noted that this is a range of
only seven points. All these facts would seem to indicate that the
rating sheet did nol provide adequate discrimination between the time
study men. However, some Jjustification for this variability can be
established by the fact that all of these men are acceptable to manage-

men, as evidenced by the fact that they retain their Jobs.

In five instences the time study man's rating ability was not
known, and thus his total score was based on only six Tactors, whereas
all. the others were based on seven factors. To compensate for this,
these men's scores were multiplied by a factor of seven-sixths. This
accounts for the fact that five of the scores are expressed as decimals.
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The men who was ranked first in overall performsnce in sub-group
one, received 26 points on the rating sheet; in sub-group two the man who
was ranked Tirst recelved 31.5 points; in sub-group three he received 33
points, in sub-group four he received 34 points; in sub-group five he
received 29 polints; end in sub-group six he received 25 points. These
date suggest that each of the superviscrs, when filling out the rating
gsheet had a different concept of what constituted averasge proficiency

in terms of the seven factors listed on the rating sheet.
Results of Analyses

Linear Correlation

Correlation and Significance.--The correlation coefficients obtained from

the individual raw test scores and total points received on the rating
sheet are listed in Table 20, in the Appendix. In Table 2, in this
chapter, there is listed by traits, the coefficients which were compara-
tively high, and also the level of confidence” at which any particular
coefficient could be proved significant from zero.

Scatter Diagrams.--In those cases where the correlastion ccefficient was

small, the scatter diagrams have been placed in the Appendix. (See
Figures 9 through 1l&) Where the correlation coefficient was proved to
be significant at a reasonably hizgh level of confidence, strasight lines
were fitted to the points and these figures are included in this chapter.

(See Figures 1 through 8)

A confidence level of 95% would indicate thet only five times
out of a hundred would the particular coefficient being tested be that
high due to chance.
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Rank Correlation

The complete results of the correlation ceoefficients obtained
between individual test ranks and job performance rank are listed by
sub-groups in Teble 22, in the Appendix. In Table 3, in this chapter, are
listed by traits, those coefficients which could be proved significant at,

or above, the 80 per cent level of confidence.

Difference Between Mean Scores

Eizht pairs of mean scores for eight treits were tested to
determiné if there were a significant difference between the mean score
of those men who were ranked in the bottom 12 and those men who were
ranked in the top 12. The traits tested were: intelligence, structural
visualization, co-operativeness, mechanical interest, sclentific interest,
artistic interest, literary interest, and musical interesit. The complete
results of these tests are tabulated in the Appendix, Table 2i,

The difference between the mean scores proved significant in only
one Instance. In intelligence those men who were ranked in the top 12
had a mean score of 34.33, while those who were ranked in the bottom 12
had & mean score of 26.67. This difference proved significant at the
99.5 per cent level of confidence. No other difference in mean scores

could be proved significant evern at the 80 per cent level of confidence.

Discussion of Results of Analyses

Linear Correlation and the Differences in Mean Scores

The linear correlation coefficient cbiained between intelligence
test scores and total points on the rating sheet, of .240, would on the

hasis of & superficial analysis indicate that intelligence and job per-
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formance are not closely related. However, it should be remembered that
there was a significant difference tetween the nean score of those men
who were ranked in the top twelve of the group and the wean score of
those men who were ranked in the bottom 12 of the group. This fact is
Important, especislly in view of the extremely high level of confidence
(99.5%) at which this difference was established.

Cther notewortiyy facts about the intelligence test results gnd
Jobt success are, theat, in three out of six sub-groups those men who were
ranked first in overmll performance within their group alsc received the
highest test score for intelligence within their zroup. In two cases,
those who were ranked first received the second-highest test score for
their zroup, and in only one instance did the man who was ranked first in
overgll performance, do any worse than second in intelligence. Conversely,
those who were ranked last in overall performance within their sub-group,
made the lowest intelligence test score for thelr group in four out of
six cases.

These Tacts suzgest that, for this group, genersl intelligence and
Jjob success are closely relsted.

Ability in structural visuslizetion, a co-operative personmlity,
and an interest in mechanical activities are apparently related positively
to job success. It seems that a negative relationship exists bvetween
both literary and musical interest, and jJjob success. The correlation
coefficlents obtmlined for these five treits were all relatively high,
and gll were proved to be significant st, or above, the 90 per cent level

of confidence.
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Rank-Correlation

Sub-Group Three.--This group, composed of 16 men, is by far the largest

of the six sub-groups. The rank-correlation coefficients for this group
were low. The highest coefficlent obtained, .354, was between job rank
and artistic interest. This coefficient was significant between the 80th
and the 90th per cent level of confidence. Ho other coefficients were
sighificant.

A possible explanation of the low coefficients obtained for this
group may be found in the consideration of these facts: (1) these men
came from a particulerly large organization, where close, continual con-
tact with the supervisor is not possitle; and (2) this organization has
Just recently started production and none of the time study men have teen
working there for more than two years, while not a small number have been
with the company for a period of only six months, or less. In view of
these facts it is very likely that the supervisor of this group was not
able to rank properly these time study men as far as overall performance
is concerned.

Other Sub-Groups.--For sub-groups one, two and four, which consisted of

four, four, and five men, respectively, rank-correlation coefficients as
high as 1.00 were obtained in two instances, and other coefficients, only
slightly lower than these were obtained on eight occasions. Many of the
coefficients proved significant st & high level of confidence.
Ordinarily, due to the extremely small size of the sub-groups, a
high correlation coefficient obltained under these circumstances would
probably be attributed to chance. However, reasonably high coefficients

were obtained in 15 instances, and all were significantly different from
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zero at the 8O per cent, or above, level of confidence.

These sub-groups are composed of men from companies with relative-
ly small time study departments. The men, no doubt, are in constant and
close contact with their respective supervisors. The supervisors should,
under these conditions, be able to evaluate their men properly. It is
therefore felt that the rank-correlation coefficients obtained from these
three sub-groups are of some importance, and cannot logically be discounted

merely because the semple size were small.



Table 1.

Mean Scores and Range of Scores
For All Tesits and All Samples

26

Raw Scores

Egquivalent Percentile

Test Low Mean High Low Mean High
Wonderlic Perscnnel
(Intelligence) 14 31.2 46 13.8 6.1 99.7
Minnesota Paper Form
Board
(structural
Visualization) 2l L7.3 58 1 k3.5 g5
Guilford-Martin
Personnel Inventory
(Personality)
ObJjectivity 29 55.4 T0 23 89 a9
Agreeableness 20 38.2 57 1l 7T 99.9
Co-operativeness 58 78.4 97 60 8o 99.9
Kuder Preference
(Interests)
Mechanical 64 93.4 117 26 7Ll 99
Computational 19 h2.8 &7 5 7 99.9
Scientific L5 73.0 ok 11 71 a8
Persuasive 38 62.7 100 3 32 87
Artistic 2L b7 e 76 3 58 97
Literary 29 45,5 78 8 48 g6
Musical 2 6.7 34 1.5 59 93
Social Service 28 67.5 108 .51 37 96
Clerical a3 L5.0 76 .8 30 95
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Table 2. Significant Linear Correlation Coefficients

Total Rating Confidence Level
Sheet Points Correlation at which coefficient
and: Coefficient is significant from zero
Intelligence .2ho &3¢
Structural
Visualization .334 ol
Co-operativeness .375 97%
Mechanical .372 %5
Scientific .239 83%
Artistic .2hk3 83%
Literary -.h11 98%

Musical -.300 914,
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Table 3. Oignificant Rank-Correlation Coefficients

Job Rank and ConTidence Level
Test Score Sub-Group Correlation gt which coefficient
Rank in: Number Coefficient is significant from zero
Intelligence 1 1.00 96%

2 0.80 83%
Structural 1 1.00 96%
Visualization L 0.70 839
Objectivity L 0.70 73%
Agreeableness 2 -0.80 83%

L 0.90 5%
Co-operativeness 1 -0.80 83%

b 0.70 884
Mechanical
Interest 2 0.80 83%
Scientific
Interest 1 -0.60 79%
Persuasive
Interest 2 0.80 83%
Artistic 3 0.35 80-90%
Interest 4 0.90 964,
Literary
Interest 1 -0.80 83%
Soeiml Service 1 0.60 79%
Interest 2 -0.60 79%
Clerical

Interest 2 0.95 96%
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CRAPTER IV

CONCLUSIONS AND RECOMMEIDATIONS

Conclusions

Limitetions.--Any conclusions drawn from the results of this study

should be interpreted only after due consideration has been given to

these limitations:

(1) The investigation was conducted on a particularly small sample.

(2) The men tested did not constitute a homogeneous group in that they
came from six different organizations, which were engaged in four
principal types of industrisl activity. Blographical sketches of
the men are not available and thus their educational background and
cther pertinent facts are not known. However, it is known that
not all of the men were college graduates. In addition the pay
brackets for time study men were not the same for all six compenies.

(3) These men were, of necessity, ranked and rated by different super-
visors. This introduces into the study another wvariable which, for
the most part, cannot be controlled.

(4) It has been stated that there is no sound method to integrate the
rankings of the individusl sub-groups. The integration of the sub-
groups with respect to the point totals on the rating sheet, no
doubt, introduced some error.

(5) Only four tests were used. Maybe other tests, if given, would have
yielded different results.

(6) The group tested was essentially composed of men who volunteered to
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help in the study. Hence, they may have been & select group.

Conclusions.--

(1) ceneral intelligence is probably the one inherent trait most necessary
for success in time study work.

(2) An aptitude for structural visualization is helpful in achieving
success in time study work.

(3) Those men who earn g high score for co-operativeness on the Guilford-
Martin Persomnel Inventory will probably be good time study men.

{4) A hizh mechanical interest is indicative of success in time study work.

(5) some successful time study men show a lack of interest in literary or
misical activities.

Generalizations.--The conclusions establish the type of person the suc-

cessful time study man is likely to be. That is, he will probably be of
better-than-average intelligence, show some proficiency in visualizing
objects in space, and be co-operative in his dealings with others. In
additicn, he may possess a mechanical bent and be interested in things of
a scientific nature, while showing litile interest in subjects which
pertain to the musical or literary [ields.

Whereas the successful time study man may possess all of the
sbove traits, the chances are Just as good that he may not possess all,
or any of these traits.

The correlation coefficients between job success and aptitudes,
although highly significant in some cases, were relatively low. It may
be stated that the aptitudes measured by the tests used In this study do
not necessarily constitute & sound basis for predicting whether or not a

man will succeed in time study worlk. Furthermore, judging from the



results obtained in this study, it does not appear that success in +time

study work can be accurately predicted solely on the basis of aptitude

tests.

Recommendations

Af'ter careful consideration of the conclusions and the generaliza-
tions obtained from the conciusions, the following recommendations are
made:

(1) Further investigations of this subject should be encouraged.

(2) A lerger, more homogeneocus sample should be obtained.

(3) It would be desirable to select as a sample a large number of time
study men who had been working under one supervisor long encugh for
him to know well the exact capabllities of each man.

(4) Rank in overall performance should continue to be one measure of job
guccess. The rating sheet which was used in this study should be
improved upon. It could be that scme factors, other than those listed,
are more important as far as success in time study work is concerned.
Also, & graphicel rating scale would probably hetter discriminate
teing those being rated.

(5) The eptitudes which were sampled in this study, and others not sampled
in this study, should be investigated in future studies.

(6) For each aptitude selected, several tests which purport to measure the

aptitude should te considered.
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Table 4. Raw and Percentile Test Scores
Wonderlic Personnel Test
General
Sub-Group Sample Total Points Intelligence
Number Number  Rank on Reting Sheets Raw Percentile
1 1 1 26 41 97.8
1 2 2 26 34 89.3
1 3 3 25 32 85.6
1 4 L 13 30 76.1
2 5 1 31.5 38 95.2
2 6 2 2L .5 39 96.2
2 7 3 24,5 31 76.1
2 8 4 24 .5 2k 48,3
3 12 10 24 28 67.2
3 13 11 24 23 40.7
3 14 8 27 27 57.6
3 15 L 25 29 67.2
3 16 12 29 36 93.3
3 17 6 26 L& 99.7
3 19 7 33 35 89.3
3 20 1L.5 o7 19 25.1
3 21 2 3L 33 85.6
3 22 16 26 28 67.2
3 23 5 30 31 6.1
3 26 1 33 29 67.2
3 28 3 33 30 76.1
3 29 .5 26 16 19.1
3 30 13 26 L1 97.8
3 31 9 29 39 096.2
L 32 1 3k 35 89.3
N 33 3 29 33 85.6
4 3k 3 16 32 85.6
L 5 3 27 32 85.6
4 36 5 26 33 85.6
5 37 1 29 5 89.3
5 38 2 29 36 9.2
5 39 3 12.8 29 67.2
6 Lo 2 22 14 13.8
6 bl 1 25 21 67.2
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Table 5. Raw and Percentile Test Scores
Minnesota Paper Form Board Test

Structural
Sub-Group Sanple Total Points Visualization
unmber Number  Rank on Rating Sheets Rew Percentile
1 1 1 26 58 95
1 2 2 26 L8 5C
1 3 3 25 k5 40
1 4 I 13 L 20
2 5 1 31.5 L1 20
2 6 2 2kt .5 58 95
2 7 3 2h.5 56 85
2 8 L 24,5 Lg 50
3 12 10 24 L 50
3 13 11 2k 35 5
3 1k 8 27 48 50
3 15 L 25 49 50
3 16 12 29 43 25
3 17 6 26 52 70
3 19 7 33 50 60
3 20 14.5 27 ki 30
3 21 2 31 52 70
3 22 16 26 50 &0
3 23 5 30 kg 50
3 26 1 33 53 T3
3 28 3 33 42 20
3 29 1.5 26 57 90
3 30 13 26 51 G5
3 31 9 29 L6 4o
L 32 1 34 5k T5
Y 33 3 29 46 4o
4 34 3 16 Ll 30
Ly 35 3 27 o1 90
L 36 5 26 3k 5
5 37 1 29 53 73
5 38 2 29 52 70
5 39 3 12.8 39 1>
6 4o 2 22 2k 1
6 L1 1 25 41 20
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Table 6. Raw and Percentile Test Scores
Guilford-Martin Personnel In-
ventory Test

Sub-Group Sanmple Total Points Objectivity
HNumber Number  Rank on Rating Sheets Raw Percentile
1 1 1 26 57 89
1 2 2 26 T0 99
1 3 3 25 45 60
1 L L 13 67 96
2 5 1 31.5 29 23
2 6 2 2,5 70 99
2 7 3 2h.5 59 89
2 8 L 2h.5 65 96
3 12 10 2h 52 7T
3 13 11 2 55 89
3 14 8 27 57 89
3 i5 L 25 62 96
3 16 12 29 oh 96
3 17 G 26 38 Lo
3 19 T 33 61 89
3 20 1k.5 a7 59 89
3 21 2 31 59 89
3 22 16 26 67 96
3 23 5 30 63 96
3 26 1 33 56 89
3 28 3 33 58 89
3 29 k.5 26 56 89
3 30 13 26 Sh 7
3 31 9 29 64 9%
b 32 1 3k 69 99
L 33 3 29 56 89
b 3k 3 16 31 23
b 35 3 27 03 17
4 36 5 26 L6 60
5 37 1 29 35 23
5 38 2 29 45 60
5 39 3 12.8 - Lo Lo
6 4o 2 22 6L 96
6 41 1 25 5l L7




Table 7. Raw and Percentile Test Scores
Guilford-Martin Personnel In-

ventory Test
Sub-Group Sample Total Points Agreeableness
Tumber Number  Rank on Reting Sheet Raw Percentile
1 1 1 26 38 T7
1 2 2 26 39 77
1 3 3 25 32 60
1 L L 13 54 99
2 5 1 31.5 20 11
2 ) 2 2k .5 30 4o
2 1 3 2.5 L7 96
2 8 4 2.5 38 7
3 12 10 2k 39 77
3 13 11 2k 48 96
3 14 8 27 33 60
3 15 4 25 36 60
3 16 12 29 4o 77
3 17 & 26 25 23
3 19 1 33 57 99.9
3 20 .5 27 39 7
3 21 2 31 Lo 7
3 22 16 26 20 11
3 23 5 30 L6 89
3 26 1 33 39 7
3 28 3 33 ko 77
3 29 4.5 26 31 Lo
3 30 13 26 Ly &9
3 31 9 29 30 40
L 32 1 34 5l 99
L 33 3 29 41 T
L 34 3 16 26 23
b 35 3 27 37 77
4 36 5 26 2L 23
5 37 1 29 39 77
5 38 2 29 36 60
5 39 3 12.8 39 77
6 Lo 2 22 50 96
6 L1 1 25 b7 96
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Table 8. Raw and Percentile Test Scores
Guilford-Martin Personnel In-

ventory Test
Bub-Group Sample Total Points Co-operativeness
Number Number  Rank on Rating Sheet Raw Percentile
1 1 1 26 63 60
1 2 2 26 65 77
1 3 3 25 83 96
1 L L 13 75 89
2 5 1 31.5 58 &0
2 6 2 2h.5 82 96
2 7 3 4.5 T3 89
2 8 N oh.5 73 89
3 12 10 2L 78 38
3 13 11 o 83 96
3 1k 8 27 8l 96
3 15 L 25 T9 89
3 16 12 29 91 99
3 17 6 26 75 89
3 19 7 33 97 99.9
3 20 1.5 27 58 60
3 21 2 31 88 96
3 22 16 26 &0 89
3 23 5 30 8k 9%
3 26 1 33 81 95
3 28 3 33 4 89
3 29 4.5 26 78 89
3 30 13 26 97 99.9
3 31 9 29 79 89
L 32 1 34 96 99
L 33 3 29 ok 99
L 3k 3 15 65 77
L 35 3 27 82 90
L 36 5 26 TL T7
5 37 1 29 Th 89
5 38 2 29 78 89
5 39 3 12.8 6 60
6 Lo 2 22 80 89
6 L1 1 25 85 96
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Table 9. Raw and Percentile Test Scores
Kuder Preference Test --Interests
Sub-Group Sample Total Points Mechanical
Number Humber Rank on Rating Sheet Raw Percentile
1 i i 26 67 30
1 2 2 26 85 56
1 3 3 25 104 89
1 b Y 13 ™ Ty
2 5 1 31.5 106 91
2 6 2 o5 113 95
2 T 3 2k.5 98 80
2 8 Y 24,5 ol T2
3 12 10 a2y 92 68
3 13 11 24 oL 26
3 14 8 27 103 87
3 15 Y 25 104 89
3 16 i2 29 101 8l
3 17 5 26 88 60
3 19 7 33 103 87
3 20 i4.5 27 86 57
3 21 2 31 95 TH
3 22 16 26 98 79
3 23 2 30 83 52
3 26 1 33 &¢ L7
3 28 3 33 108 93
3 29 1k.5 26 106 91
3 30 13 26 117 99
3 31 9 29 96 76
i 32 1 3k 86 57
L 33 3 29 17 99
L 3k 3 16 81 L8
b 35 3 a1 89 62
4 36 5 26 107 g2
> 37 1 29 109 O
5 38 2 29 g2 68
5 39 3 12.6 79 ks
6 4o 2 22 48 11
6 41 1 35 101 8l
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Table 10. Raw and Percentile Test Scores
Kuder Preference Test - Interests

Sub-Group Sample Total Points Computational
Number Tumber Rank  on Rating Sheets Raw Percentile
1 1 1 26 &2 99
1 2 2 26 26 20
1 3 3 a5 ks 83
1 4 L 13 L6 85
2 5 1 31.5 50 92
2 6 2 2.5 26 19
2 7 3 24,5 19 15
2 8 4 24.5 53 95
3 12 10 24 55 96
3 13 11 2L 34 4s
3 14 8 27 38 60
3 15 L 25 Lo 68
3 16 12 29 28 25
3 17 6 26 58 98
3 19 T 33 36 52
3 20 14.5 27 37 56
3 21 2 31 5 91
3 22 16 26 52 gk
3 23 5 20 i 87
3 26 1 33 30 31
3 28 3 33 3k hs
3 29 14.5 26 Lo 75
3 30 13 26 Lo 5
3 31 9 29 56 98
L 32 1 34 b 87
L 33 3 29 39 &L
i 3k 3 16 5 L8
L 35 3 27 39 &l
4 36 5 26 Ly 80
5 37 1 29 32 38
5 38 2 29 67 99.9
) 39 3 12.8 47 87
6 ko 2 22 43 77
6 41 1 25 48 88
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Table 11. Raw and Percentile Teat Scores
Kuder Preference Test - Interests

Sub-Group Sample Total Points Scientific
Humber Humber  Rank on Rating Sheets Raw Percentile
1 1 1 26 62 L&
1 2 2 26 L5 11
1 3 3 25 76 77
1 4 4 13 66 54
2 5 1 3L.5 67 56
2 6 2 2k .5 ol 50
2 7 3 2.5 €5 52
2 8 L 2.5 78 &2
3 12 10 2k 3 50
3 13 11 ok 67 56
3 1k 8 27 69 61
3 15 4 25 78 8o
3 16 12 29 76 7
3 17 6 26 79 8h
3 19 T 33 65 52
3 20 .5 27 78 82
3 21 2 31 90 95
3 22 16 26 90 95
3 23 5 30 62 45
3 25 1 33 &8 59
3 28 3 33 70 ol
3 29 14.5 26 72 70
3 30 13 26 33 89
3 31 9 29 gl 98
N 32 1 3k 83 89
L 33 3 29 81 87
L 34 3 16 60 Lo
L 35 3 27 68 o9
L 36 5 26 ok 98
5 37 1 29 89 ok
5 38 2 29 61 L3
5 39 3 12.8 67 57
6 ko 2 22 o4 50
6 L1 1 25 871 93
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Teble 12. Raw and Percentile Test Scores
Kuder Preference Test - Interests

Sub-Group Sample Total Points Persuasive
Number Number  Rank ot Rating Sheets Raw Percentile
1 1 1 26 48 10
1 2 2 26 97 8
1 3 3 25 52 14
1 I i 13 T2 4o
2 5 1 31.5 77 56
2 6 2 2,5 100 87
2 7 3 2h.5 13 50
2 8 L 24.5 67 Lo
3 12 10 2l 58 2l
3 13 11 ok T2 L9
3 14 8 27 o7 8k
3 15 i 25 78 59
3 16 12 29 90 75
3 17 é 26 75 53
3 19 7 33 99 87
3 20 1.5 27 96 83
3 21 2 31 66 39
3 22 16 26 67 iy}
3 23 b 30 T4 52
3 25 1 33 80 6}
3 28 3 33 83 66
3 29 14.5 26 81 ol
3 30 13 26 64 35
3 31 9 29 83 66
I 32 1 34 38 3
L 33 3 29 52 15
L 34 3 16 80 61
L 35 3 27 88 T3
b 36 5 %6 57 22
5 37 1 29 L8 9
5 38 2 29 56 21
5 39 3 12.8 71 L8
6 4o 2 22 a7 40
6 by 1 25 59 25
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Table 13. Raw and Percentile Test Scores
Kuder Preference Test -~ Interests

Sub~Group Semple Total Points tistic
Number Number Renk on Rating Sheets Raw  Percentile
1 1 1 26 38 26
1 2 2 26 30 10
1 3 3 25 €0 86
1 4 b 13 W7 56
2 5 1 31.5 51 68
2 6 2 24,5 Ly 36
2 7 3 2h.5 53 13
2 & Y 2.5 62 8a
3 12 10 24 60 86
3 13 11 24 26 9
3 14 8 27 L8 60
3 15 L 25 by 45
3 14 12 29 48 60
3 17 G 26 24 3
3 19 7 33 62 89
3 20 ih.5 27 33 16
3 21 2 31 Ly 56
3 22 16 26 28 12
3 23 5 30 50 65
3 26 1 33 59 95
3 28 3 33 Le 5k
3 29 14.5 26 Lo 3k
3 30 13 26 53 72
3 31 9 29 34 18
L 32 1 3k 76 a7
L 33 3 29 45 50
4 34 3 16 T0 95
4 35 3 27 63 90
b 36 5 26 37 24
5 37 1 29 Ly 57
5 36 2 29 55 e
5 39 3 12.8 26 i
6 Lo 2 22 b7 57
6 41 1 25 L2 70




Table 1%, Raw and Percentile Test Scores
Kuder Preference Test - Interests

Sub-Group Semple Total Points Literary
Numbexr Number  Rank on Rating Sheets Raw  Percentile
1 1 1 26 37 25
1 2 2 26 51 63
1 3 3 25 L5 ke
1 L i 13 T8 95
2 5 1 31.5 35 20
2 6 2 2.5 6l &84
2 T 3 2.5 39 30
2 8 L 24 .5 Ll Ly
3 12 10 24 36 21
3 13 1l 2k TS 50
3 14 8 27 51 75
3 15 b 25 37 25
3 16 12 29 Lo 38
3 17 6 26 75 95
3 16 ] 33 29 9
3 20 ik.5 27 hg 59
3 21 2 31 36 21
3 o2 16 26 55 71
3 23 5 30 Lo 38
3 26 1 33 Lk Ll
3 28 3 33 38 28
3 29 4.5 26 29 8
3 30 13 26 38 28
3 31 9 29 56 13
4 32 1 34 52 65
h 33 3 29 29 8
4 3k 3 16 37 25
Y 35 3 27 63 8l
n 36 5 26 5@ 73
5 37 1 29 36 21
5 38 2 29 34 A7
5 39 3 12.8 66 87
6 4o 2 22 3 25
6 L1 1 25 36 21




Table 15. Raw and Percentile Test Scores
Kuder Preference Test - Interests

Sub~-Group Sample Total Points Musical
Tumber Number  Rank on Rating Sheets Raw  Percentile
1 1 1 26 29 86
1 2 2 26 25 81
1 3 3 25 33 92
1 L i 13 15 51
2 5 il 31.5 11 33
2 6 2 25.5 16 55
2 7 3 24.5 10 o7
2 8 4 2h.5 15 51
3 12 10 24 2 15
3 13 11 2k 32 92
3 1k 8 27 15 51
3 15 4 25 25 81
3 16 12 29 19 66
3 17 6 26 18 62
3 19 7 33 6 11
3 20 14.5 27 14 Ly
3 21 2 31 15 51
3 22 16 26 12 38
3 23 5 30 29 86
3 26 1 33 27 8l
3 28 3 33 7 1k
3 29 k.5 26 9 ol
3 30 13 26 13 L3
3 31 9 29 21 73
L 32 1 34 17 60
L 33 3 29 L 5
b 34 3 16 23 77
i 35 3 27 14 48
4 36 5 26 14 48
5 37 1 29 10 27
5 38 2 29 6 11
5 39 3 12.8 34 93
6 Lo 2 22 19 65
6 L1 1 25 9 23




Table 16. Raw and Percentile Test Scores
Kuder Preference Test - Interests

Sub-Group Sample Total Points Sceial Service
Number Number  Rank on Rating Sheets Raw  Percentile
1 1 1 26 63 27
1 2 2 26 73 L7
1 3 3 25 28 0.5
1 4 i 13 30 0.7
2 5 1 31.5 61 24
2 6 2 2.5 L7 6
2 7 3 2k.5 93 86
2 8 L 24 .5 65 31
3 12 10 2L 88 79
3 i3 11 24 108 a8
3 14 8 27 58 17
3 15 L 25 68 38
3 16 12 29 76 5L
3 17 & 26 62 25
3 19 7 33 60 21
3 20 14.5 27 90 82
3 21 2 31 8o 64
3 22 16 26 57 16
3 23 5 30 56 1k
3 26 1 33 72 46
3 28 3 33 72 L6
3 29 14,5 26 8k 72
3 30 13 26 80 6k
3 31 9 29 37 1
L 32 1 3k 37 1
4 33 3 29 7 57
L 34 3 16 T5 52
L 35 3 27 65 31
4 36 5 26 70 43
5 37 i 29 78 59
5 38 2 29 57 16
5 39 3 12.8 56 ik
6 40 2 22 95 89
6 41 1 25 76 55




Teble 17. Raw and Percentile Test Scores
Kuder Preference Test - Interests

Sub-Group  Semple Totel Points Clerical
Number Number Rank on Rating Sheets Rew  Percentile
1 1 1 26 16 95
1 2 2 26 43 25
1 3 3 5 47 37
1 L i 13 58 70
2 5 1 31.5 56 65
2 & 2 ok, 5 41 19
2 7 3 k.5 37 12
2 8 i ok, 5 37 12
3 12 10 24 5 Ls
3 13 11 24 Ll 28
3 14 8 27 42 21

3 15 4 25 33 7.0
3 15 12 29 23 0.8
3 17 & 26 51 58
3 19 7 33 45 30
3 20 14.5 o7 39 15
3 21 2 31 43 25
3 22 16 26 51 49
3 23 5 30 Lo 43
3 26 1 33 28 2
3 28 3 33 al 19
3 29 1.5 26 42 21
3 30 13 26 29 3
3 31 9 29 56 65
L 32 1 3k 46 34
L 33 3 29 57 68
L 34 3 16 4o L&
L 35 3 27 31 5
L 36 5 26 32 6
5 37 1 29 26 2
5 38 2 29 58 70
5 39 3 12.8 Lo 21
& Lo 2 22 55 63
S 1 1 25 65 84
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Taeble 18. Points Received on Rating Sheet, by Factors (Continued)

Sample guantity Quality Personsal Rating Observaticnal Analytical
Mumber of Worlk of Work Contact Abllity Judgment Powers Ability

34 1 3 2 L 2 2 2

35 3 b 4 b H i L

36 3 b 3 L 4 5 3

37 b > L 3 3 > 3

38 > 3 4 3 5 ) b

39 1 2 2 - 2 2 2

40 3 L 3 3 b 3 2

41 b b 3 Y b L 2




Table 19. Rank Within Group
and Total Points Received on Rating Sheet

Sub~-Group Sample Rank Total Points Received
Number Humber Within Group cn Rating Sheet
1 1 1 26
1 2 2 26
1 3 3 25
1 4 4 13
2 5 1 31.5
2 6 2 ol 5
2 T 3 2.5
2 8 L 2h.5
3 12 10 2k
3 13 11 2l
3 14 8 27
3 15 4 25
3 16 12 29
3 17 & 26
3 19 7 33
3 20 14.5 27
3 21 2 3l
3 22 16 26
3 23 P 3¢
3 26 1 33
3 28 3 33
3 29 14.5 26
3 30 13 26
3 31 9 29
B 32 1 3k
L 33 3 29
L 3k 3 16
L 35 3 27
L 36 5 26
5 37 1 29
5 38 2 29
5 39 3 12.8
6 40 2 22
6 41 1 25
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Table 20. All Linear Correlation Coefficients

Total Rating Confidence Level
Sheet Points Correlations at which coefficient
and: Coefficient is significant from zero
Intelligence 240 83%
Structural
Visualization .33k ol
Objectivity 2155 ot Significant
Agreeableness 020 Not Significant
Co~-operativeness .375 97%
Mechanical Interest .372 96
Computation
Interest -.010 Hot Significant
Scientific Interest .239 834
Persuasive Interest -.001 Not Significant
Artistic Interest 243 83%
Literary Interest -4 984
Musical Interest -.300 91%

Social SBervice
Interest 027 Not Significant

Clerical Interest -.166 Not Significant




Table 21. Sesmple Calculation

58

Linear Correlation -- Intelligence
Sample Test Points on
Number Score Rating Sheet
X Y

L 1 26

2 34 26

3 32 25

L 30 13

5 38 3L.5

é 39 2,5

7 31 2l 5

8 2 4.5
12 28 24
13 23 ol
1k o7 27
15 29 22
16 36 29
17 S 26
15 35 33
20 19 a7
21 33 31
22 28 26
23 31 30
26 29 33
28 30 33
29 16 26
30 41 26
3l 39 29
32 35 34
33 33 29
34 32 16
35 32 27
36 33 26
37 35 29
38 38 29
39 29 12.8
40 14 22
41 21 25

X2 . 34,775 FX = 1061 (€£3)< 21,125,721 EXY = 28,169.2
SY2 = 24,300 LY = 893.86  (£Y)2 . 798,878
¥ = 31.21 Y = 25,29



Table 21. DSample Calculation
Linear Correlation -- Intelligence (Continued)

HEY - X x§Y

T
NEE - (£0)° ner® - (€)°
r o= — 3h x 26,169.2 - 1061 x 893.8
ngh;_gh,7?5 - 1,125,721 34 x 24,301 - 798,878
r = 240
Determining the Significance of the Correlation Coef{icient
Z = L yhere Vpw _Z 1
= = 174
U Ju -1 3 - 1 T
Z = 240 o 1.38, significant at the 83% level of confidence6
Tj__"?E 2 g I
Fitting a Line to the Data bty the Means of Lesst Squares
_ oy -
Yo - Y =rZ(x-%);
A 2 o
vhere Uy o VIEEL (€02 |f3h x 2,300 - TEBB g4
i 34
and

Tx . Jef

(£x)° _ EE: 3h’?7§h- 1,125,721 u 4 og

—
-y

L.85
Yo - 256. = . X X - 31.
o - 26.29 2Lo x 7.00( 31.20)

Yo = 21.08 + 107X

-
DDixGn, W. J. and Massey, F. J., Jr., Introduction to Statistical

Analysis. McGraw-Hill Book Compeny, Inc., 1951, Table 3, p. 305
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Table 22. All Rank-Correlation Coefficients

Job Rank and Confidence Level
Test Score Sub-Group Correlation at which coefficient
Rank in: Humber Coefficient is significant from zero
Intelligence 1 1.00 96%
2 0.80 Not Significant
3 0.31 Not Sigrnificant
L 0.41 Not Significant
Structural 1 1.00 6%
Visualization 2 ~0.2C Not Significant
3 0.18 Not Significant
L 0.70 83¢
Objectivity 1 0.00 Not Significant
2 -0.40 Not Significant
3 ~0.08 Not Significant
L 0.70 834,
Agreeableness 1 -0.40 Not Significant
2 -0.8C 83%
3 0.22 Not Significant
L 0.90 954
Co-operativeness 1 -0.80 83%
2 -0.25 ot Significant
3 - 0.70 88
L 0.70 ot Significant
Mechanical 1 -0.40 . Not Significant
Interest 2 0.80 83%
3 -C.1h4 ot Significant
Y -0.30 Hot Significant
Computational 1 0.20 Not Significant
2 -0.20 ot Bignificant
3 -0.0k4 Not Significant
b €.33 Not Significant
Scientific 1 -0.60 79%
2 -0.40 Not Significant
3 -0.21 Not Significant
L -0.10 ot Significant




Table 22. All Rank-Correlation Coefficients

(Continued)

Job Rank and Confidence Level
Test Score Sub-Group Correlaticn at which coefficient
Renlk in: Humber Coefficient is significant from zero
Persuagive 1 -0.40 HNot Significant

2 c.80 834

3 C.03 Not Significant

b -0.30 ot Significant
Artistic 1 0.40 Not Significant

2 ~0.50 Noet Significant

3 0.35 80-90%

4 C.90 65
Literary 1 -0.80 839,

2 -0.40 ot Significant

3 -0.12 Mot Significant

4 0.05 Not Significant
Musical 1 0.40 Not Significant

2 0.00 Not Significant

3 0.31 Not Significant

L 0.43 Not Significant
Social Service 1 0.60 T9%

2 -0.60 79%

3 -0.07 Hot Significant

L ~0.30 Hot Significant
Clerical i 0.20 Hot Significant

2 0.95 95%

3 -0.06 Not Significant

b 0.30 ot Bignificant
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Table 23. Sample Calculation
Ranlt-Correlation Coefficients -- Intelligence

Sub-Group Sample Test Test Job Difference
Number Number Score Rank Rank d
1 1 L1 1 L 0]
1 2 34 2 2 0
1 3 32 3 3 o)
1 L 30 u ly 0
Zd‘e:o
6 xZa° 6x0
re= 1- —s—— 7 1- = 1.00 [
N2 - 1) 6o 0

TFor confidence limits, sece Annals of Mathematical Statistics,
Volume IX, 1939, E. G. Olds, Distributions of Sums of Sgueres of Rank
Differences For Small Numbers of Individuals, Table IV, pp. 1k5-6,7.
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Table 24. Summary of Comparisons of Mean Scores

Mean Score Mean Score Conf'idence Level
Lower 12 Upper 12 at which difference
Trait: Ranks Ranks is sigrificant
Intelligence 26.67 34,34 99.5%
Structural
Visualization L, 00 47.58 Not Significant
Co-operativeness 76.67 82.83 Not Significant
Mechanical
Interest 87.67 98.00 Not Significant
Seientifie
Interest £9.67 75.50 Mot Significent
Artistic
Interest 45.00 52.50 Not Signifiecant
Literary
Interest 47.08 39,42 Not Significant
Musicsal

Interest 19.42 14.83 Not Significant




Table 25. OSample Calculation, Comparisons of Mean Scores -- Intelligence

Lower 12 Ranks Upper 12 Ranks
Sample Points on Test Score Sample Points on Test Score

fumber  Rating Sheet X Humber Rating Sheet X

39 12.8 29 16 29 36

) 13 30 31 29 39

34 16 32 33 29 33

40 22 14 37 29 35

12 2k 28 38 20 38

13 2k 23 23 30 31

6 24,5 39 21 31 33

7 2,5 31 5 31.5 38

8 24,5 2k 19 33 35

3 25 32 26 33 29

15 25 29 28 33 30

L1 25 21 32 34 35

X1 = 332 N = 26.67 Nel2  Sxp = M2 Xo = 3k.34

(€)% = 10,220 £ = 9,638  w = 12 €)% = 169,78 £ = 14,260

"9
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Table 25. (Continued) Sample Calculation

2 s 2 2
£x, - ) s - &)
2 N:I_ o . N2
51 * “ S; = .
B -1 2 Ny -1
9638 - o2 1h,260 - 169,74
i1 - 1T
= k1.s = 10.k2
Approxinmate degree of freedom = N; - 1 + Fp -1 = 22
H: U.l = u2

t = & -X

58 8.2
RS

26.27 - 3h4.34
11.15 10.52
1z * Tiz

8
Reject Hypothesis if: ~3.222>t 7+ 3.22

-3.71

Therefore the hypothesis is rejected and 99.5% of the time this
difference in mean scores will not be due to chance.

8Dixson, W. F. and Massey, ¥. J., Jr., Introduction to Statistical
Analysis. McGraw-Hill Book Company, Inc., Table 5, P. 307.
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Figure 11, Scatter Diagram, Linear Correlation -- Computational Interest
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WAMF IenNk

NUMBER
Mrections: Rate this individual on the basis of ths reven factors listed below. Flease read

the definitions of the faotors carefully and then place a (y*) mark through the degree of the
fantor whish im your opinion best describes this individual. sfeigh your decisions oarefully.

1. Queantity of Nork
#hat volume of work is produced,

4 2 ] 3
Never turns out Usumlly turns out Seldom turna cut  Always turnms out Turns out average
as mwh work as mors work than as muoh work as more vork than smount of work.
others, - others. others, others,

2, Quality of ¥Work
Agguracy and Neatness.
]

2 4 1
Cu the average Always turns cut Seldom turne out Usuelly turns out HNever turns out
his work is neat neat agcurate neat moourate nsat socurate naat ascurate
and aosurate. work. work. work. wirk.

8. FPerscoal Contast
aot, patience, abllity to get along with other people, ability to sell himself and
his ideas, abllity to handls a “touwohy" situmtiom,
1 3 2

Uswally good in Should avoid Could handle any Average in per- Not ususlly good
perecoal coztmet. personsl contact. sitwation any time. sonal sontaat, in personzl contest.

4. htlgi Abllity
. ollity te leount:ly apd nonaistontl{ judge pece or apeed of movement, !
3 [ ]

Usually doesn't Usually Tates Naver rates Hates agourately as Alvays rates
rate agswrately, asceurately. acourately. often as not. agourately,

6. Judgement
power of arriving at & wlae deoision or ocnclusion on the basis of indications or
probabilities when the fmots are not olearly ascertained - embedying a logiecal con-
oluslion. ’

3 4 1 2
Almys uses Uses sound judge- Usually useo Never uzes Seldom uges
sound judge-~ ment as often sa the asound judge-- sound judge- sound judgement.
went. aAverags man doeas. ment, went,

8, Obserwticnal Powers
to perneive snd nots, attententivensas,
1 [ ] 2 4 3

Never been. Alwnys keen, Seldom keen., Usually kesn. Avarage.

7. Aoalytioal ability

Ability to divide a problem into 1ts componsnt parts and see each in ite true per-
speetive and relsticnship to the other and to the whole, to "sice up" a situation and
"think it through®, to objectively oocnsidar all possible alternative sctions and
socurately weigh the oonsequenass of any propcsed aption,

3 1 4 ] 2
Averangs in Nevar shows Usuelly shows good Always showa Seldom shows
amelytisal good enalyticel analytionl ability. good analyti- good analytical
ability, ability. cal ability, ability.

Figure 15. - Semple Rating Sheet - This is an exact copy of the rating sheet
which the supervisors were asked to fill out for each time study man. The
number typed sbove esch phrase is the point velue for that degree of pro-
ficiency in each factor. These point values did not eppeer on the sheets

actually used.
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