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CHAPTER I

PROBLEM DEFINITION

Statement of Problem

The Department of Defense spends on the order of |
$30 billion annually for maintenance, more than half of 1
which is for personnel. Since this expenditure accounts
I for 20 to 25 percent of the total defense budget, even a
% small reduction in this area would result in substantial
savings (33:1). Much emphasis‘has been placed on improving
E maintenance in the equipment area by stressing the impor-
tance of reliability and maintainability as design criteria
and by developing built-in test equipment. However, little
attention has been given to the "people" problem in main-
tenance.

Research dealing with the "people" problem in main-

tenance has been primarily concerned with improving the

information transfer to the technician on the job. Past
and current research projecés on maintenance aids indicate é
that faster and better maintenance can be accomplished if
technicians use job performance aids (JPAs) (33:1). The
use of JPAs offers the opportunity for reducing training

costs by enabling less skilled personnel, and perhaps fewer

of them, to carry out maintenance tasks.
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Although these research findings are important,
they do not completely solve the problem of sustaining main- ;
tenance productivity with fewer personnel and at less cost.
There exists a further potential for savings through
improved personnel selection procedures. The current prac-
tice is to assign personnel to schools and subsequent career
fields on the basis of aptitude scores (11:3). While apti-
tude scores are a good indicator of how well an individual |
will perform in the school, they do not consistently indi-
cate how well he will perform on the job (20). The identi-
fication of differential predictors of success other than
aptitude scores could lead to expanded training aﬁd oper- :
ating economies through training only those individual |
possessing the highest potential for performance in a par-

ticular type of job.

Justification

With the advent of a volunteer force, rising man-

% power costs, and tighter defense budgets, military manpower
has become one of the most important issues in defense
planning and budgeting. Personnel costs increased by 100
percent from 1962 to 1972. In 1962 these costs comprised
42 percent of the total defense budget; in 1972 they were
55 percent of the total defense budget (24:2). The DOD
must find methods of increasing the productivity of its
personnel in order to offset cuts in both manpower and

budget.
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In a Rand study conducted in 1972, several recom-
mendations were made for research concerning reduction of
personnel costs in the maintenance area (24:10-44). One ;
suggestion was that performance testing should be under-
taken for estimating production and the factors influencing
it. It was suggested that the proposed study should begin
with electronics maintenance since the potential for
savings is greatest in this field.

Electronics maintenance is a costly activity. The |
Defense Science Board estimated that electronics mainte- |
nance consumed 25 percent of the DOD FY 1974 operations and ;

maintenance budget, or about $5.6 billion (24:3). Military

pay and allowances and other personnel costs for personnel

in the electronic maintenance area are about $10,000 per

man per year. Training costs are also high. Formal train-
ing schools, which consist of an average of 30 weeks, cost
approximately $10,000 per graduate. Given an annual turn-
over rate of 25 percent, the total personnel costs in
electronics maintenance is about $12,500 per man per year.
The total annual costs of all military personnel in the
electronics field is approximately $3.0 billion (24:4).
Past studies have indicated that the use of JPAs
for routine maintenance tasks can reduce required training
time and make an individual productive almost immediately.
The use of JPAs in electronics maintenance could possibly
result in savings of $10,000 per trainee. For the entire

3
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DOD, where annual training output in electronics mainte-
nance is approximately 40,000 men, this is a potential
savings of $400 million (24:32).

Improving troubleshooting procedures has also been
recognized as a method of increasing productivity and
reducing costs. Thus, a second recommerdation of the Rand
study was that an expanded research program with major
emphasis on JPAs as a troubleshooting aid should be under-
taken. It was suggested that this expanded research should
include a study of which troubleshooting aids are the most
useful to the technician (24:39). The Rand recommendation
specifically identified troubleshooting aids because the
development of such aids is inherently more difficult than
the development of aids for routine maintenance. Trouble-
shooting aids must lead the technician from initial symptoms
through a series of branching operations to isolate the
fault (24:28).

Based on these recommendations, the Air Force Human

Resources Laboratory (AFHRL) recently conducted a research
project which compared the berformance of electronics tech-
nicians troubleshooting with three different types of aids.
The project evaluated sample groups composed of technicians
at three different experience levels. Like the research in
other maintenance areas, the AFHRL project concluded that

better performance could be achieved by the use of the more

proceduralized job performance aid (29:45). Since the use
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of JPAs allows the use of less skilled personnel and
reduces training time, the AFHRL findings would seem to
indicate a great potential for cost reductions. However,
the introduction of JPAs does not automatically result in
savings (24:19).

While past research has shown the potential for
cost reductions in the use of JPAs, actual savings require,
among other things, reductions in training and manning
levels (24:19). However, training and manning levels c¢an
not be reduced at the expense of maintenance productivity.
During the AFHRL project, casual observations indicated
that the same individuals were the top performers in each
sample group regardless of which type of troubleshooting
aid was being tested (39). These observations imply that
there are individuals who possess a native ability for
troubleshooting. Since the problem facing DOD i; to main-
tain or increase productivity with fewer personnel, it
would be advantageous to be able to identify individuals
possessing the prerequisite abilities prior to selection
for training in complex electronics maintenance fields.

To identify these individuals, it is necessary to find a
variable, or variables, which indicate inherent trouble-
shooting abilities and can be used as predictors of job
performance and productivity. The ability to predict per-

formance would have a great impact on personnel selection

and training procedures.
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Research Objectives

The objective of this research is to confirm that
individuals possessing native abilities for troubleshooting
tasks actually exist. Once this confirmation is accom-
plished, a second objective is to determine whether per-
sonality assessment techniques can be used to identify
troubleshooting capability potential prior to actual train-
ing and career field assignments. A third objective of
this research is to confirm the belief that aptitude mea-
sures are an accurate indicator of actual troubleshooting

performance.

Study Approach

To meet the objective of confirming that individ-
uals possessing inherent abilities for troubleshooting do
exist, this research used the data collected on trouble-
shooting performance during the AFHRL project. The approach
taken was to use statistical analysis techniques to determine
if the same individuals were the high performers using all
three types of troubleshooting aids. This approach was not
an attempt to differentiate "good" performance from "bad"
performance. Although an individual might attain a higher
performance rating with one type of aid than with another,
if it could be shown that he is a consistently high per-
former felative to other troubleshooters, regardless of
the type aid used, then it could be inferred that he pos-

sesses a higher degree of native ability.
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In addition to collecting data on performance, the
AFHRL project also administered personality tests to each
subject. Once the first objective was achieved, statistical
analysis of the performance ratings and personality test
scores was conducted to determine if any of the personality
traits measured could be related to troubleshooting per-
formance and therefore could be used as predictors of suc-
cess in troubleshooting tasks. Prior to the analysis of
personality test scores, however, it was necessary to deter-
mine if there was a significant difference in the perform-

ance of the technicians at the three different experience

levels since a difference in performance between the three
groups would require that the techniques used in the analysis
of performance ratings and personality test scores be applied
to each group separately.

The third research objective dealt with aptitude
measures. The Airman Qualifying Examination (AQE) scores
were available for each of the subjects evaluated in the
AFHRL project. Statistical analysis of the AQE scores and
the performance ratings was performed to determine if a
relationship exists between the aptitude measures and

troubleshooting performance.

Definition of Terms

Job Performance Aid (JPA)--a type of maintenance

aid which is distinguished from other types of maintenance
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aids in that it attempts to lay out in logical sequence

the tasks that should be performed. It may be fully pro-
ceduralized and provide step-by-step directions or it may
provide a logical picture of the system to assist the tech-
nician in deciding what steps to take (24:29),

Maintenance Aid--stored information, either in

devices or documents, available at the job site to assist
the technician in performing his task (24:29).

Maintenance Dependency Charts (MDC)--a type of

decision aid which helps the technician formulate a strat-

egy for isolating faults. The MDC is a device which helps
in understanding the interrelationships of a complex elec-
tronics system (24:29).

Troubleshooting--the process of diagnosing,

locating, and repairing a malfunction and/or failure in a

system or subsystem (7:1).

- ee— e —
I A . g —— e
Z L P Vv N A P @ e

- A

- ey
PR N SR Ve " -




CHAPTER II

THEORIES AND CONCEPTS

Personality Assessment

Individual differences and their effect on indi-
vidual behavior has long been recognized. Likewise, man
has long been interested in methods of assessing these
differences and using this assessment to predict behavior.

Early attempts at personality assessment included such

methods as astrology, palmistry, and phrenology (21:2).
These methods have not survived scientific investigations.

The scientific measurement of personality began
only a few decades ago (9:4). It has its roots in the
study of individual differences through psychological mea-
surement. This concept was given impetus by Darwin's
theory of evolution (21:6). 1In order to study the effects
of human generics, it was first necessary to identify the
individual traits which were related to adaptability and
survival.

The history of modern personality measurement dates
from about World War I (9:5). During this time two differ-
ent tests were developed. The first was Woodsworth's
Personal Data Sheet (21:9). This was a questionnaire type

1 test used to predict the ability of soldiers to adjust to
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the strains and stresses of military life. During this
same period, Rorschach's "Ink Blot" test was developed,
which used an individual's perception of ink blots as an
indicator of personality differences (21:10). These

# methods have been expanded upon and many new methods have

been developed in recent years.

Personality Defined

Personality can be defined in many ways. The
definition which best fits the purpose of this research is
"the nonintellective attitudes that play roles in job
selection, classification, and performance [9:16]." This
definition describes those attributes which most interest
the personnel manager. The personality test is the instru-
ment used to measure these attributes. The objective of a
personality test used in this context is to determine
whether the person being tested falls in the class of indi-
viduals who are most likely to succeed on a particular type
of job or who will benefit most from a certain training
program (9:18). The test is uniformly applied which gives
it some advantages over more subjective methods of per-
sonality assessment (3:41). Many personnel managers feel

that personality is the most important determinant of

| success or failure, particularly in jobs requiring the

exercise of supervision (36:165).

T—
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Personality Tests

The term "personality test" may refer to a variety
of psychological measuring instruments (17:23). The two
most often used personality measuring devices are paper-
and-pencil inventories and projective techniques (36:165).

Paper-and-pencil inventories are composed of a
series of questions or statements. There are no right or
wrong answers. The person taking the test is asked to
tell how he feels or would react in a given situation
(40:189). He may be asked to respond by answering "yes"
or "no" or "sometimes," "always," or "never;" or he may
be given a multiple list of answers from which to choose
(36:165). The responses are scored for particular traits
or attributes. The responses which are being scored have
usually been identified by statistical analysis or by
subjective means as being responses that are characteristic
of that trait or attribute (40:190).

The projective techniques test confronts the sub-
ject with several items such as ink blots or pictures., It
must be administered individually rather than in groups.
The subject is encouraged to respond freely, telling what
he sees in the blot or making up a story about a picture.
His responses are presumed to be projections of his
thoughts, wishes, desires, and needs (36:166). A trained

test administrator interprets the responses and makes an
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assessment of the subject, which is usually in qualitative
rather than quantitative terms (40:190).

Personality type tests can be structured to measure
different facets of personality. Different types of per-
sonality tests can be grouped according to the particular

attribute that they are attempting to measure. These major

groupings are interest, preference, behavior, and attitude
E {17222) .
Interest tests, as the name implies, are designed
to indicate things the subject might be interested in.
This type personality test is one of the most familiar.
The teét consists of a variety of items, each of which
calls for a response indicating the subject's interest in
the activity or subject specified by that item (17:22).
Preference tests are characterized by the format
in which they are presented. The test items consist of
things which a person might say about himself or about
others. The subject indicates his preference by choosing
1 the response which most closely describes his feelings
(17:22).
Behavioral tests are composed of items which are
statements of specific observable behavior, such as "going
to a movie [17:23]." This test is based on the assumption

that what a person actually does is a more accurate mea-

surement of personality than what his interests or prefer-

ences are.

12

R e S A R




The most distinct of the personality tests is the
attitude measurement inventory. The attitude statements
used in this test are stimulus elements to which the sub~
ject responds in terms of his likes, dislikes, interest,
feelings, etc., just as he does in other types of tests.
The test is usually made up of a series of items that refer
to some specific organization such as the church or a
social group, or to specific issues, social institutions
or any other subjects which can be defined (17:24).

Another application of attitude tests is the evalu-
ation of one individual by another. This form of the test
would consist of items that describe the performance of an
employee on the job or other activity (17:24). In this
form, the test would be an attitude questionnaire used by
a supervisor to indicate his attitude towards a subordi-
nate's performance.

For any test of individual differences to be effec-
tive it must have adequate measurements. There are many
factors which determine the adequacy of the measurements;
however, a measurement can generally be described as ade-
quate if it meets three criteria (9:250).

The first criterion is that the responses from
which the indices of measurement are obtained must be
determined as completely as possible by one important per-
sonality attribute (9:250). In other words, there must be

a direct relationship between the subject's response to a

| 13
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particular item and some characteristic of his personality.
This criterion is simply asking whether the test is mea-
suring some important attribute well.

A second criterion is closely related to the first.
Besides being able to adequately measure a particular
attribute, the test items must indicate the degree of the
attribute characterizing the subject at that period of his
life (9:251). This criterion concerns measuring a trait
rather than the state in which the subject happens to be.
The state indicates how the subject feels under particular
conditions. The personality test is concerned more with
measuring underlying determinants of behavior. Trait mea-
surements are an average over most situations, or a
generalization of how a subject usually feels (9:180).

Economy and convenience require that the measurement be

administered at one point in time. However, if this
criterion is met, a measurement index will be obtained
which will closely approximate the mean index obtained by
administering the test a number of times. To meet ~

this criterion, the setting, the task, and the test items
must have a clear psychological meaning for the subject.
When these elements of the testing environment have suffi-
ciently strong impact, they determine the subject's
responses (9:251). Influences from temporary states or

other variables are elminated.
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The third criterion is that the indices of measure-
ment must differentiate dependably among subjects (9:251).
The purpose of the personality test is to measure differ-
ences among subjects or particular traits. It is assumed
that such differences exist. The procedures used to mea-
sure this difference must produce a range of scores over
different subjects.

The personality test is constructed to validly
measure some individual trait difference. These three
criteria overlap to some extent in that they are all
related to that objective. But taken separately, they
each indicate a particular area which might affect the

validity of the test.

Test Validity

The most important gquestion to be asked about a
psychological test of any kind concerns its validity.
Validity is the degree to which the test actually measures
what it is supposed to measure (1:107). Since there are
different tests attempting to measure different personality
attributes, there are different methods of validation. A
method which would be appropriate for demonstrating the
validity of one test would not necessarily be appropriate
for another (21:128). There are some general methods of
validation which are recognized as being appropriate. Each

method applies to particular objectives for a test (40:128).
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Content validity is evaluated by showing how well
the content of the test samples the subject matter or kinds
of situations that the test is supposed to measure (40:128).
This type of validity is not based on criteria. No attempt
is made to gather data or information to form a statisti-
cal basis for prediction. This method is based on the
judgement of experts in a particular field (3:43). Although
content validity applies particularly to achievement and
aptitude tests, personality tests also reguire its use to
some extent (21:128). For example, a test designed to
measure leadership qualities might be composed of items
which require responses that would indicate the subject's
behavior in situations requiring leadership abilities. If
these test situations are representative of leadership
situations in general, then the test can be said to display
a content validity (21:129).

A problem in using the content validity method is
the possibility that the test is based on "face validity"
(3:43). That is, the contents appear to be meaningful but
are not truly significant. This is particularly an argu-
ment against paper-and-pencil personality tests (21:129).
Therefore, content validity, although an imporﬁant require-
ment, is not sufficient in itself for determining the use-
fulness of a test. Other methods of validity determination

also must be used (3:48).
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Personality assessment is most often concerned
with predictive validity (21:130). Predictive validity is
evaluated by showing how well predictions made by the test
are confirmed at some future time (40:128). It is not
necessarily concerned with predicting the future but rather
with predicting relationships (5:96-97). Predictive valid-
ity refers to "the accuracy with which we can make guesses
about one characteristic of an individual from another
characteristic [14:338]." The test measure is called the
predictor and the characteristic being guessed at is
called the criterion. The predictive validity is deter-
mined by a numerical index. This index is given by a cor-
relation between the predictor and the criterion (21:130).

Another validity measurement is concurrent validity.
Concurrent validity is evaluated by showing how much the
scores on a test are related to some present criterion of
performance or status (40:128). Rather than establishing
a correlation between present test data and criterion data
available at some later time (as in predictive validity),
concurrent validity establishes a correlation between test
data and concurrently available criterion data (23:77).

The object is to take some known criterion, such as job
performance, and relate it to some test score.

Caution must be used in determining the validity of
a test with concurrent information. A high correlation may
mean that experience is being tested rather than the
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desired characteristic (3:43). When this happens, the

T ——

experience factor is known as a contaminant. Such contam-

ination results when the influence of any extraneous fac-

tors are reflected in the measurement (36:102). Statis-

tical means should be used to remove any such contaminants

from the tests (3:43).
The last of the general methods of determining
validity is construct validity. A construct can be defined

as the trait which the test is attempting to measure (23:

90). Construct validity is evaluated by determining what
trait or attributes a test measures (40:128). This method
is sometimes used when a test lacks appropriate criteria
against which it can be evaluated (3:44). Frequently, con-
struct validity is determined by correlating one test with
another which has previously been used to measure the same
attribute. Another method would be to use factor analysis,
a statistical process which can identify the extent to
which various tests measure the same attribute (40:128).
Any of these methods of determining validity could
be used for different personality type tests. However, in
keeping with the earlier definition of personality, the two
most often used methods would be predictive and concurrent
validity. In both of these concepts of validity, a

criterion of job performance is usually involved (40:128).
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Test Reliability

The reliability of a test is also important in
determining its usefulness. As used in the measurement of
individual difference, reliability means consistency (1:67).
The reliability of a test is the degree to which the test
measures consistently the attribute it is supposed to mea-
sure (40:129). There are several methods of determining
test reliability.

The test-retest method determines the reliability
of a test over time. A reliable test is one in which an
individual will obtain about the same score on successive
testings (36:141). Retest reliability is probably the most
realistic and useful method from a practical point of
view (17:41). However, if memory or practice from the first
test can affect scores on subsequent tests, this method
should not be used (40:129).

A second method of determining test reliability is
comparable form or alternate-forms reliability. This
method uses two or more different tests that are supposed :
to measure the same attribute (17:39). A correlation is ‘
then established between the scores obtained on each of
these tests to determine the degree of reliability (40:129).

A common criticism of both the test-retest and

comparable forms method is that they require two separate

testing sessions. A third method of determining relia-

bility, the split-halves method, requires only a single
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test administration. The total test is divided into halves.
Each half of the test is a miniature representative of the
entire test (36:143). Each half is scored separately and
these two scores are then correlated to determine test
reliability (40:129).

Test reliability and validity must be considered
together. A test may have high reliability and still be
worthless in certain situations (40:130). However, reli-
ability is important because it limits validity (9:171).
Theoretically, a test's maximum potential validity is

given by the square root of its reliability. For example,

.

if a test's reliability coefficient is determined to be
0.36, its validity coefficient can not exceed 0.60 (36:146).
Since maximum validity is determined by reliability, ?

the choice of tests to be used depends upon the coefficient

of validi-y required. This requirement is determined by
what use is to be made of the test. Personality tests are
usually used for one of two objectives: to make an analysis
of each individual subject tested or to select from a large
group of subjects those who will surpass the rest in some
respect. It is this latter use that concerns choosing
individuals who are most likely to succeed at a particular
job. This use is most appropriate to the earlier defini-
tion of personality and the objective of personality test-
ing. For this purpose, the validity of a test can be
relatively low and still be valuable (40:131).
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Criticisms and Limitations

Two Congressional hearings were held in 1965 to
review personality assessment practices. Although the
primary purpose of the hearings was to investigate the use
of personality tests in federal government personnel selec-
tion procedures, many more aspects were also investigated.
The criticism of personality test falls into two problem
areas: problems of usage and problems involving moral
issues (21:203).

Usage problems involve test misuse and test invali-
dity. Test misuse is the invalid use of an assessment pro-
cedure that has legitimate uses. Test invalidity involves
the use of an assessment procedure whose validity has not
been established for any purpose (21:203). Test misuse is
probably the most serious problem in personality testing,
especially in personnel selection procedures (36:177).

A moral issue problem concerns confidentiality.

In some instances, individuals are concerned that the
information gained from personality tests might be used
against them in some way (21:204). Another moral issue
concerns the individuals' right to privacy. Personality
tests are said to invade personal privacy (17:16).

An important limitation of personality tests is
that they tend to be transparent. The subject can often
determine by reading the items which response will most
favorably portray his personality (36:183). Again, this
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problem is especially pertinent to personnel selection

procedures.

Applications in Personnel Selection

Psychological testing has been an important facet
in personnel selection for industrial personnel. Through-
out the 1950s much emphasis was placed on selection
criteria established by psychological tests (38:282).
Psychological tests when used properly can reduce turnover
and increase effectiveness of the selected work force
(26:170). The Civil Rights Act of 1964 has caused indus-
try to place less emphasis on psychological tests.

In industry the most frequently used method for
assessing personality is the self-report questionnaire.
The Minnesota Multiphasic Personality Inventory, the
Eysenck Personality Inventory, the Cattell 16 Personality
Fact