CHAPTER FIVE
A PILOT STUDY TO MEASURE CORRELATES OF INDIVIDUAL
DIFFERENCES IN NONDESTRUCTIVE INSPECTION
PERFORMANCE

5.0 INTRODUCTION \

An interim report examined previous research programs and studies in the area of nondestructive inspection
(NDI) conducted by the Air Force, by the nuclear power industry, and by various academic and industry
investigators (FAA/AAM & GSC, in press). A repeated finding and concern in these studies was the
existence of substantial differences among inspectors NDI proficiency. Those few studies that have

attempted to examine correlates of NDI proficiency have been generally unsuccessful in establishing
significant relationships with performance.

As noted in the interim report, however, there are a number of variables, measures of which appear
potentially relevant to NDI selection and/or proficiency. This conclusion is based on the findings of studies

of individual differencesin the areas of inspection and vigilance, on the opinions of expertsin the NDI field,
and on the results of interviews with NDI inspectors and training supervisors. These variables can be
roughly separated into the following categories:

e Boredom

Susceptibility

»  Concentration/Attentiveness/Distractibility

» Extraversion/Impulsivity

« Motivation/
Perseverance

» Decision Making/Judgement
*  Mechanical/Electronics Aptitude
* Need for Autonomy.

Each of these categories and the measures used for them is discussed in greater detail under Section 5.1,
Methodol ogy.


http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=2p1
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=2p2
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=3p1
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=3p2
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=3p3
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=3889#JD_p3v2-51

The pilot study reported here represents the initial phase of an effort to investigate relationships of these
variablesto NDI performance. A second aspect of this effort is to investigate possible task-induced fatigue
resulting from sustained performance and to examine possible interactions between performance changes
and the above subject variables. The task employed in this study was a computer-simulated NDI eddy-
current task developed by Dr. Colin G. Drury and his colleagues at the State University of New Y ork
(SUNY) at Buffalo. The task has been described in studies by Drury, Prabhu, Gramopadhye, and Latorella
(1991) and Latorella, Gramopadhye, Prabhu, Drury, Smith, and Shanahan, (1992). In essence, the task
utilized a SUN SPARC workstation and incorporated a standard keyboard and optical three-button mouse as
input devices. AsLatorellaet al. (1992) have emphasized, the aim in developing this task was neither to
develop asimulator for training on actual NDI tasks nor to develop atask to measure absolute values of the
probability of detecting particular types and sizes of faults. Rather, their aim was to devise atask that
closely approximated the characteristics and requirements of eddy-current inspection tasks to enable
laboratory investigation of factors that may influence NDI performance.

Of the two previous studies that have used this task, neither has extensively evaluated possible predictor
measures or possible fatigue effects resulting from sustained performance over successive task sessions. As
noted above, the primary intent of this research program, of which the pilot study reported hereis only the
initial phase, isto investigate both the relationship of individual difference variablesto NDI performance

and the possible effects of sustained task performance on NDI efficiency .

The following sections more fully describe the criterion task, the tests and measures used, the procedures
employed, and the results obtained. Preliminary observations and directions to be taken in the primary
study are also discussed.

5.1 METHODOLOGY \

5.1.1 Subjects

A total of 6 subjects, 3 males and 3 females, participated in the pilot study. All were right-handed, had
normal near visual acuity (as determined from an Orthorater screening test), reported normal hearing, and
were between 18 to 29 years of age. None had prior training or experience in aircraft maintenance or
inspection. All had completed at least 12 years of school. Subjects were obtained through an existing
Federal Aviation Administration (FAA) subject contract and were paid $10.00 an hour for their
participation. Summary characteristics of the subjects are givenin Table 5.1.
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Takle 5.1 Characteristics of Subjects

Subject Age Gendar Occupation Education Lewsl
Humbear

1 21 malk: rofer 12 years

2 21 female medical 2id 14 yazrs

= 12 malk student 12 yaars

4 22 malk janitar 12 yaars

5 22 femalk gtudent 15 yaars

= 29 female store manager 12 yaars

5.1.2 Apparatus

Table 5.1 Characteristics of Subjects

Asindicated earlier, the basic apparatus consisted of a SUN SPARC Model 4/50GX-16-P43 workstation, a
19 inch color monitor, and a 3-button optical mouse. Since the nature of the task and its physical
characteristics have been described in detail previously (Drury et al., 1991, Latorellaet a., 1992), only

characteristics relevant to the present study are reviewed here.

The display itself consisted of four basic task elements (windows). These are shown in Figure 5.1 and are

described below.
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Figure 5.1 NDI Inspection Task Simulation (Drury et al., 1992)

5.1.2.1 Inspection Window

The lower left portion of the screen displayed the inspection window and contained the actual rivetsto be
inspected. Although it was possible to present more than one six-rivet row of rivets to the subject, only a
single row was used in this study. An optical mouse was used to move a cursor around the circumference of
each simulated rivet. The subject was free to examine the rivet until a decision was reached as to whether or
not a crack was present. If it was decided that arivet was defective, the right mouse button was pressed
which caused ared cross to appear over the "defective" rivet and the words "rivet marked bad" appeared on
the screen. If the rivet was judged to be nondefective, pressing the middle button caused the appearance of
the words "rivet marked good." If a subject realized that an incorrect response had been made, it could be
corrected by pressing the appropriate button.



When al six rivets had been inspected, the left mouse button was clicked on the directional block labeled
"right." This caused ablack marker ring to circle the last rivet inspected, and the next six rivets appeared in
the inspection window.

5.1.2.2 Macro-View and Directionals

A macro-view in the upper left of the screen displayed a side view of the aircraft fuselage and the row of
rivets being inspected. Since only asmall portion of this row was being inspected at any given time during
the task, the subject could move the cursor over the words "Where am 1?" in this area and a momentary
circle would appear over that portion of the rivet row currently being examined.

5.1.2.3 Eddy-Current Meter

The upper right segment of the display contained a simulated analog meter that served as the eddy-current
output indicator. Deflections beyond a set point on the meter produced an audible alarm aswell asared
flash on an indicator light. Meter deflections could be caused by:

» touching arivet edge with the cursor or moving the cursor onto the rivet

» thecursor passing over acrack (All cracks were invisible and of varying length.)

» the cursor passing over or near ssimulated corrosion, scratches, or paint chips (These were
simulated by 2 mm jagged lines at random locations adjacent to arivet. Not all rivets contained
such "noise," and no rivet contained more than one such noise spot.)

5.1.2.4 Lower Right Window

The subject could use the lower right area of the display to exercise a number of options (e.g., "zoom" to
take acloser look at arivet being inspected, stop task in order to take a break, display elapsed time). Only
one feature was used in the present study; this feature caused a number to appear on each rivet and was only
used by the experimenter during training feedback sessions to enable subjects to locate and re- check rivets
incorrectly classified.

5.1.3 Predictors and/or Task Correlates

As noted earlier, the interim report (FAA/AAM & GSC, in press) identified a number of variables,
measures of which appear potentially relevant to NDI selection and/or proficiency. These variables can be

roughly separated into the following categories:
» Boredom Susceptibility
»  Concentration/Attentiveness/Distractibility
» Extraversion/Impulsivity
e Motivation/Perseverance
» Decision Making/Judgement
e Mechanical/Electronics
Aptitude
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* Need for Autonomy.

The following sections describe the tests and scal es that were employed as measures of the above to identify
possible correlates of performance on the NDI task.

5.1.3.1 Subjective Rating Scale (SRS)

The Subjective Rating Scale (SRS) is a simple salf-rating scale that the author has used in several previous
studies (e.g., Thackray, Bailey, & Touchstone, 1977; Thackray & Touchstone, 1991) to assess the current
disposition of the subject, with measures generally taken before and after periods of task performance. The
basic instrument consists of five 9-point scales measuring the dimensions of attentiveness, tiredness, strain,
boredom, and annoyance. Two additional scales measuring perceived effort and perceived difficulty were
used in the more recent study by Thackray and Touchstone (1991) and were included here aswell. The SRS
was studied most extensively in the early study by Thackray, Bailey, and Touchstone (1977). In that study,
subjects falling at the extremes of rated boredom following performance of a simulated radar monitoring
task were compared with respect to several performance and subjective variables. In general, those subjects
who rated the task as quite boring showed the greatest decline in rated attentiveness and the largest
performance decrement.

5.1.3.2 Bennett Mechanical Comprehension Test

One of the recommendations of a Southwest Research Institute study of ways to improve NDI technician

proficiency was to select individuals who scored high on mechanical/el ectronics aptitude (Schroeder,
Dunavant, and Godwin, 1988). This recommendation was also echoed in interviews with NDI instructors

who expressed the belief that individuals who were above average in mechanical aptitude made better
inspectors (Galaxy Scientific Corporation, in press). For these reasons, the Bennett Mechanical
Comprehension Test was included in the test battery. Thistest appears to be one of the better measures of
mechanical aptitude, and its norms include those for aviation mechanical jobs and electrical inspector
trainee jobs. Unfortunately, the norms for aviation mechanical jobs, although updated in 1980, still do not
include separate normative data for women.

5.1.3.3 Typical Experiences Inventory (TEI)

The ability to resist distraction, if it can be measured, would appear to have at least face validity in selecting
inspectors (Wiener, 1975). A scale developed for use in several previous studies (Pearson and Thackray,
1970; Thackray, Jones, and Touchstone, 1973) and titled "Typical Experiences Inventory" consists of a
series of statements designed to measure ability to work under conditions of (a) time stress, (b) threat of
failure, (c) distraction, (d) social stress, and (€) physical stress. In the study by Thackray et a. (1973),
subjects were selected who scored high, aswell aslow, on the distractibility subscale of thisinventory. The
high scorers showed significantly greater lapses of attention during performance of arepetitive task than did
those scoring low. Because of these findings, it was decided to examine the relationship of scores on this
subscale to possible performance decrement on the NDI task.
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5.1.3.4 Arithmetic, Digit Span, and Digit Symbol Tests of the Wechsler Adult Intelligence
Scale (WAIS)

Scores on these three subtests of the WAIS have been shown in numerous factor analytic studies to measure
afactor that has been variously named "Freedom from Distractibility,” " Attention-Concentration,” or

" Concentration-Speed” (e.g., Goodenough and Karp, 1961; Karp, 1963). Some or all of these WAIS tests
have been found to relate significantly to inspection performance (Gallwey, 1982; Wang and Drury, 1989).
Consequently, these tests were included as another measure of attention/concentration or, conversely,
distractibility.

5.1.3.5 Eysenck Personality Inventory (EPI)

The Eysenck Personality Inventory is ashort inventory that measures extraversion and neuroticism. The
extraversion dimension has been studied extensively in the context of vigilance research because of the
hypothesis, originally formulated by Eysenck (1967), that extraverts should have more frequent lapses of
attention and hence more omission errors than would introverts. Reviews of the use of this personality
dimension in vigilance research (Berch and Kantor, 1984; Wiener, 1975) have lent some support to the
belief that extraverts generally do not perform as well on vigilance tasks as do introverts. Much less
research has been conducted on personality variables in the area of inspection, and no studies of
extraversion and inspection performance had been conducted at the time of Wiener's 1975 review. Since
then, the author is aware of only one inspection study that has incorporated a measure of extraversion. Using
avisual search task, Gallwey (1982) found that introverts, as measured by the EPI scale, had fewer search

errors.

A factor analysis of the EPI scale has shown that it is comprised of two factors. sociability and impulsivity
(Eysenck & Eysenck, 1963). Several studies have shown that the impulsivity dimension of extraversion is
most clearly related to performance changes (Revelle, Humphreys, Simon, & Gilliland, 1980; Thackray,
Jones, & Touchstone, 1974). In the latter study, extraverts showed a greater increase in lapses of attention
during performance of a monotonous, repetitive task than did introverts. Further, it was determined that it
was impulsivity, rather than the sociability dimension of extraversion, that was responsible for the obtained
decrement.

Although arecent meta-analysis of vigilance studies over a 30-year period has concluded that evidence for
the superiority of introvertsis considerably less than previously believed (Koelega, 1992), Koelegafeels
that there is enough consistency in the findings to warrant continued research. Because of this, it was
decided to include extraversion as measured by the EPI and the subscales measuring impulsivity and

sociability in the present study.

5.1.3.6 Boredom Proneness Scale (Life Experiences Scale)
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NDI inspection istypically arepetitive task and is frequently considered boring and monotonous
(Schroeder, Dunavant, & Godwin, 1988). While the evidence relating experienced boredom to poor
performance is tenuous at best, at least one study demonstrated a significant relationship of reported
boredom and monotony to vigilance performance. As noted earlier, subjects falling at the extremes of rated
boredom following performance of the simulated radar monitoring task showed the greatest decline in rated
attentiveness and the largest performance decrement (Thackray et a., 1977).

Boredom in the above study was measured following task performance and thus can be considered a " state"
assessment of boredom. The only scale specifically developed to assess the general construct of boredom
proneness (i.e. a"trait" measure of boredom susceptibility) was developed by Farmer and Sundberg (1986).
To the author's knowledge, this scale has not been used in studies of inspection performance. For this
reason, it was included in the present study.

In order to somewhat disguise the intent of the scale, it was relabeled "Life Experiences Scale.” Besides
yielding ameasure of boredom proneness, a recent factor analysis of the scale revealed that it was
comprised of two factors, "apathy” and "inattentiveness' (Ahmed, 1990). Scores on these two subscales
were also obtained. Ahmed's analysis revealed that the last item of the Farmer and Sundberg scale (item #
28) contributed to unreliability of the total test score, so thisitem was removed from the scale administered
in this study.

5.1.3.7 Matching Familiar Figures Test (MFFT)

The MFFT isatest developed by Kagan and his associates (Kagan, Rosman, Day, Albert and Phillips,
1964) and consists of aseries of 12 "stimulus" pictures each associated with 8 "response” pictures. Except
for one picture in each set of the 8 response pictures, all differ from the stimulus in some minute detail.
Subjects point to the picture they believe to be the correct one in each set and continue to point until the
correct oneisidentified. Both the timeto first response and the number of errors are scored. According to
the above authors, the test measures a cognitive style known as reflection-impulsivity. Those who make
quick inaccurate decisions on the test are said to have an impulsive cognitive style; those who make slow
accurate decisions are said to have areflective cognitive style.

This test has been considered to measure the tendency of subjects performing inspections tasks to opt for
speed or accuracy in their speed/accuracy tradeoff (Drury, Gramopadhye, Latorella, Patel, Prabhu, and
Reynolds, 1992). Presumably, impulsive subjects would tend to opt for speed at the expense of accuracy;
conversely, reflective subjects would opt for the opposite. In arecent study, scores on the MFFT were
found to be significantly related to several measures of inspection performance (Latorellaet al., 1992).
Since the task used in this latter study was the NDI simulation developed by Drury et a. and used in the
present study, it seemed desirable to investigate further the relationship of MFFT scores to performance on

this task.

5.1.3.8 Internal-External Locus of Control Scale


http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=60p1
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=64p1
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=65p1
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=65p2
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=65p3

Rotter's (1966) Internal-External (I-E) Locus of Control Scale was developed to measure differences
between individuals in the extent to which they believe either that rewards and reinforcements are
contingent on or independent of their own behavior. The internal person believes that rewards are
contingent on his own effort, attributes, or capacities; the external person believes that rewards result largely
from luck, chance, fate, or forces outside of his control.

In astudy of vigilance performance, Sanders, Halcomb, Fray, and Owen (1976) hypothesized that
“internals," by constantly striving for mastery of a situation and by exhibiting a belief in their own ability to
determine the outcome of their efforts, would perform better on a vigilance task than would an "external”
person. The results supported this hypothesisin that internals, relative to externals, missed significantly
fewer signals. Also, theinternal subjects continued to progress in the monitoring task with avery small
decline in performance, while the externals showed a consistently increasing performance decrement.

Because the Rotter scale has apparently not been used previously in inspection research, it seemed
important to determine whether relationships similar to those found in vigilance would apply to inspection
performance.

5.1.3.9 Jackson Personality Research Form (PRF)

The PRF isawidely used test designed to yield a set of scoresfor personality traits broadly relevant to the

functioning of individualsin awide variety of situations. It isapersonality test that focuses primarily upon
areas of normal functioning, rather than psychopathol ogy.

The PRF used in this study consists of sixteen scales, of which nine were actually employed. The included
scales were (8) Achievement, (b) Endurance, (¢) Understanding, (d) Cognitive Structure, (€) Autonomy, (f)
Change, (g) Impulsivity, (h) Infrequency, and (i) Desirability. A brief description of each and the reason(s)
for itsinclusion are as follows:

* Achievement. A measure of the willingness to put forth considerable effort to accomplish
difficult tasks. Thiswasincluded as a possible measure of intrinsic motivation or perseverancein
task performance and was mentioned in the interim report as a desirable quality of NDI technicians
(Galaxy Scientific Corporation, in press).

» Endurance. A measure of the willingness to work long hours and to be patient and unrelenting
inwork habits. Thistrait appears somewhat related to the above measure, and, in fact, loads on the
same factor in afactor analysis of the test. It wasincluded for the same reasons as the
Achievement trait.

* Understanding. A measure of intellectual curiosity and the desire to understand many areas of
knowledge. Thiswas included because it was felt that it might correlate negatively with
performance on atask as constrained and repetitive as eddy-current testing.

* Cognitive Sructure. A measure of the need to make decisions based upon definite knowledge
with adidlike of ambiguity and uncertainty. It wasfelt that this trait might be positively related to
decision time, i.e. the time spent searching each rivet for possible faults.
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* Autonomy. Thisisameasure of the need to be independent and not to be tied down, restrained,
confined, or restricted in any way. Thiswas mentioned in the interim report as atrait
characterizing the most proficient inspectors (FAA/AAM & GSC, in press). Thistrait wasalso
mentioned by some of the NDI instructors interviewed by the present author.

» Change. A like of new and different experiences, with a dislike and avoidance of routine
activities. Inclusion of thistrait is self-evident, since NDI tasks are so often referred to as boring

and monotonous.

* Impulsivity. A measure of the tendency to act on the "spur of the moment” and without
deliberation. Thiswas included as an additional measure of impulsivity to compare with similar
measures obtained from the EPI and from the MFFT described previoudly.

* Infrequency and Desirability. These were two scales included as measures of carel essness and
response bias in taking the test.

The various tests and measures described in the preceding sections were included because it was felt that
each might serve to measure some aspect of the categories mentioned under Section 5.1.3 as predictors and/
or correlates of NDI performance. It should be apparent that a number of these tests and measures bear
similarities to one another and may indeed be measures of the same trait, aptitude, or ability. However, one
cannot alwaystell from test titles and descriptors whether or not they measure similar things, and some were
included to determine empirically the extent of their interrelationships, or lack thereof.

5.1.4 Procedure

Each subject was tested over two successive days. The morning of the first day was devoted to
administration of the various tests and measures; during the afternoon, subjects practiced using the mouse
and were required to read and be tested on a document describing eddy-current testing. They then practiced
the NDI simulation task. The afternoon training procedures were essentially the same as those used and

reported by Drury et al. (1991). Subjective rating scales were administered at various times during the
course of both days.

Training in the use of the mouse was provided by a display program consisting of an enlarged picture of a
rivet head with atraining circle surrounding it. The subject practiced using the mouse and cursor to circle
the rivet while staying within the circle. After each pre-selected block of training trials, feedback was
provided consisting of average times required to circle the rivet, and averages of the number of times the
cursor head touched the rivet or went outside the circle. Training continued until the subject reached a
consistent level of performance. This usually required approximately 30 minutes of practice.

Training on the task began with a short (20-rivet) demonstration session in which the basic elements of the
NDI task were explained. Thiswas followed by three training sessions each 60 rivets long. Thirty percent
of the rivetsin each of the three training sessions contained faults (cracks). In addition, the second and third
sessions also contained small, but visible (2 mm) "noise" spots at various locations at or near arivet.
Frequency of "noisy rivets' was also thirty percent. Locations of faults and noise were randomly assigned
for each task session (both training and subsequent test tasks). Performance feedback was automatically
provided after each block of 10 rivets. In the first and second sessions, training circles were provided around
each rivet to assist the subject in keeping the cursor in the appropriate region while circling the rivets; no
training circles were used in the third session.
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On the morning of the second day, subjects performed a short (20-rivet) "refresher" version of the NDI task

and then performed two lengthy (180-rivet) test sessions. Since these sessions were self-paced, test
durations for each subject varied from 60 to 90 minutes. There was afixed 10-15 minute rest break between
each session, athough subjects were told that they could take short (10-20 second "stretch” breaks as
needed during any session. Following a 60-minute lunch break, this same procedure (two 180-rivet
sessions), minus the short practice session, was followed in the afternoon. No feedback was provided
following test sessions and the frequency of both faults and noise was held at 30 percent each. At the end of
the second day, subjects were debriefed and questioned about various attitudes about and approaches to the
NDI task.

5.2 RESULTS |

5.2.1 Criterion Performance

Figure 5.2 shows mean values for misses and false alarms across the three training sessions. Visual

examination of thisfigure reveals an apparent increase in false alarms during the second training session.
However, subjects typically made no errors (misses or false alarms) during these training sessions and the
Increase noted above was caused by two subjects making two false alarms during this second session. The
only important information to be gained from this figure is that miss rate remains level during the last two
training sessions and false dlarm rate returnsto itsinitial level.

1.2

0.8

0.6

Mean Errors

0.4

0.

0
Training >ession 1 Training Session & Training >ession 3

CMisses mFalse Alamms

Figure 5.2 Mean Misses and False Alarms Across Training Sessions
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Raw datafor misses and false alarms during the four test sessions are given in Tables 5.2 and
5.3respectively. Mean values obtained from these two tables are plotted as bar graphsin Figure 5.3. In
addition, this figure also plots miss and false alarm data for the first and second half of each test session
shown in Tables 5.2 and 5.3. Notice the general increase in both misses and false alarms across sessions
and the general increase in both types of errors within sessions. Analyses of variance reveaed the
differences between sessions to be significant for both misses (F(3/15)=4.90, p=.014) and false alarms (F
(3/15)=3.72, p=.035), while differences between first and second halves of the sessions approached
significance at the .05 level for both misses (F(1/5)=5.79, p=.061) and false alarms (F(1/5)=4.65, p=.084).
The Interaction of Session Halves with Sessions was not significant for either misses or false alarms.

Takle 5.2 Frequency of Missed Fanlts Ovwver the Four Test Sessions

Hiwnan Sewmion 1 Senmion ? Senmion 3 Sewmion 4
Subject Gender 1t 2nd 1=t 2ndt! = 2nd 1t 2nd Tatal
Mumber 12 12 12 e 12 12 12 12
01 Mlale 1 5 3 e e e 5 10 a0
0z Female 1] 1 ] 2 3 1 1 ] 13
03 Mlale 5 1 5 15 19 13 10 11 a0
04 Mlale 3 E E 7 5 5 E g 46
[IL3] Female 2 ] E 13 12 | 2 13 E2
(1] Female 3 4 1 1 4 4 7 18 42

Table 5.2 Frequency of Missed Faults Over the Four Test Sessions

Tabkle 53 Frequency of False Alarms Ower the Four Test Sessions

Falwa Alarma Sewmion 1 Sewmion ? Sewmion 3 Sewmion 4
Subject Gender 1=t 2nd 1=t 2nd 1=k 2nd 1=t 2nd Tatal
MNumber 12 12 12 12 2 12 12 2

.|

m Male 1] 1] 1] 1 4 2 E 7 26

0z Female 1] 1] 1] 1 1] 1] 1] 2 0z

03 Male 3 4 E 14 E 1& 19 15 23

04 Male 1] 1 1 1 1] 3 12 14 32

05 Female 1] 1] 1] 1 1 1] 1] 1 0z

0& Female 2 1] 1] 2 1] 1] 1] 1 [1L4]

Table 5.3 Frequency of False Alarms Over the Four Test Sessions
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Figure 5.3 Mean Misses and False Alarms Across Test Sessions

Total task time and mean time per rivet are shown in Table 5.4. Ascan be seen in thistable, therewasa
genera decrease in both total task time and mean time per rivet during training as well as during the test
sessions. Analysis of variance revealed the decline in total task time to be nonsignificant both during
training and test sessions (p>.10). Mean time per rivet, however, decreased significantly both during
training (F(8/2)=4.27, p=.05) and during test sessions (F(3/15)=8.22, p=.002). The increase in mean time
per rivet from the last training session to the first test session can probably be attributed to the fact that the
larger number of rivets in the test sessions caused the meter in the simulation to be sightly more sluggishin
itsresponse. This aspect was explained to subjects before the first test session, and subjects
characteristically began the session by circling the rivets with greater care and deliberation.

Takle 5.4 Mean Total Task Time and Mean Time per Fivet

Task Mn Total Time [min Mn Tima Per Rivet [aac
Training Session 1 29.7 23.4
Training Seszion 2 279 225
Training Seszion = 262 202
Test Seseion 1 o027 282
Test Seseion 2 =28 241
Test Session 2 o1 249
Test Seseion 4 726 19.4

Table5.4 Mean Total Task Timeand Mean Time per Rivet
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Estimates of task reliability were obtained by comparing the combined data of test sessions 1 and 2 with the
combined data of sessions3 and 4. The correlation between combined sessions was r=.82 (p < .05) for
faseaarmsand r = .81 (p < .05) for missed events. Total false alarms across sessions was also compared
with total misses across sessions. The obtained correlation was r=.73 (p=.10) which, although failing to
reach the .05 level, suggests that the two measures might be significantly related, given alarger sample size.

5.2.2 Subjective Measures

Asindicated earlier, subjective ratings of attentiveness, tiredness, strain, boredom and annoyance were
obtained at various times during the two-day period. Measurements of each were obtained at the beginning
of each morning and afternoon of the two-day periods each subject was tested. These same measures were
obtained at the end of the first day's training session and at the end of the morning and afternoon test
sessions of the second day. In addition, items relating to perceived task difficulty and to the amount of effort
required to maintain alertness were also administered at the end of the above three sessions. Datafor the
subjectiveratings are givenin Table 5.5.

Takle 5.5 DMean Pre- and Post-Session Subjective Eatings

Yariabla Mn Fre-Session Ratings Mn Poat-Session Ratinga
Attentiveness 7.0 8.y
Tiredness 4.2 5.3
Strain 2.5 4.2
Boredom 2.2 =289
Annoyance 1.2 1.8
Effart 4.4 5.1
Crifficiu oy 2.7 2.9

Table 5.5 Mean Pre- and Post-Session Subjective Ratings

Comparing the pre- and post-session data of Table 5.5, it is apparent that attentiveness decreased, while

tiredness, strain, boredom, and annoyance all increased. Analyses of variance, however, revealed that only
those changes associated with tiredness and strain were significant (F(1/4)=7.90, p=.048 and F(1/4)=11.0,
p=.029 respectively). Theincreasesin perceived effort and perceived difficulty were nonsignificant (p>.10).

5.2.3 Predictor Measures
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Means and standard deviations for the various predictor tests and measures used are shown in Table 5.6.

Because of the small sample size used in the pilot study, with the attendant risk of obtaining spurious
correlations, no attempts were made to correlate or compare any of these measures with performance
variables. Where normative data were available, most measures appeared to fall within one standard
deviation of the reported mean values. Severa deviations are worth mentioning, however: The sampleasa
whole scored relatively low on impulsivity as measured by the PRF and EPI scales, on boredom
susceptibility as measured by the Boredom Proneness Scale, and relatively high on endurance as measured
by the PRF scale.

Takle 5.6 Means and Standard Devriations of the Predictor Measires

Variable Mean Standand Devistion
Typical Exper Inw 22.00 5290
Bennett Mech Comp 40.67 2.28
LES Boredom Frone 532 4.0=
LES Inattentiveness 232 2.82
LES Apathy 283 2.2z
MFFT Mn Ercr 1.23 o2
MFFT Mn Time 89.20 2240
EFP | Extrawversion 12.80 1.52
EF | Impuleivity 283 1.47
EF | Socisbility 733 1.27
WA IS Digit Symbol 8617 1418
WA IS Digit Span 13.00 252
MRS Arith metic 783 292
PRF Achievement 12.80 2.58
FRF Autonomy SR=E 2.4
FRF Change 2480 1.64
PRF Cog Structurne 10.17 2.1
FPRF Endurancz 12332 1.97
PRF Impuleivity 380 328
FRF Understanding F.oa 424
LE Scak 8.33 3651

Table 5.6 Means and Standard Deviations of the Predictor M easures

5.3 DISCUSSION |
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Discussion of the findings of this pilot study is not extensive for two reasons. First, the essential purpose of
thisinitial study was simply to test and evaluate the various tests, scales, procedures and task used in order
to determine whether changes were necessary for the major study of which thiswas only the initial phase.
Second, the small size of the sample used increases the risk of obtaining spurious results and makes any
conclusions drawn from the datarisky at best. However, some comment on the findings is necessary and

appropriate.

The significant increase in misses (faults) obtained over the four test sessions suggests a boredom and/or
fatigue effect resulting from the repeated testing, perhaps causing the subjects to become less careful or
attentive in examining the rivets. This decline in performance efficiency was accompanied by an increase in
ratings of both boredom and fatigue. However, only the increase in tiredness was found to be significant.
There was also a significant increase in strain, suggesting that continued task performance over the four
successive sessions was not only tiring, but emotionally demanding as well.

While an increase in fatigue (tiredness) across sessions seems a plausible explanation for the increase in
missed faults, it is somewhat puzzling to see how increasing tiredness could also result in an increase in
false alarms as Figure 5.3 shows. The possible increase in carel essness and inattentiveness with fatigue
could again be a contributing factor. Recall that Table 5.4 showed a significant decrease during the test
sessions in mean time spent examining rivets. While this could merely be an indication of increased skill in
the use of the mouse, it seems more likely that it indicates less careful examination of the individua rivets
by at least some of the subjects, especially during the last session. Less careful examination would likely
increase the number of times arivet edge was touched or "noisy" areawas crossed. The resulting meter
deflections might then be erroneously interpreted as faults.

One should aso not overlook the possibility that the increase in false alarms might simply be an artifact of
the particular sample used. Examination of Table 5.3 reveals that half of the subjects (subjects 2, 5, and 6)
showed essentially zero false alarms across all four sessions. Theincrease in false alarms was essentially
the result of subjects 1, 3, and 4. Thus, whether the larger, more representative sample to be used in the
primary study to follow this one will show an increase or no increase in false alarms across sessions cannot
really be predicted from these data. Likewise, one should not attribute much significance to the fact that the
three subjects of Table 5.3 showing no increase in this type of error were al females. Whether or not a

gender difference exists in this respect again must await the findings of the subsequent study.

Of the remaining data, thereislittle more that can be discussed. Reliability of the NDI task, in terms of

both misses and false alarms, was shown to be acceptable, and one would hope that these reliability
estimates will approximate those to be obtained in the primary study. As noted earlier, the particular sample
used scored somewhat below average on measures of impulsivity, on measured boredom susceptibility, and
above average on the PRF measure of task endurance. Also, the sample appeared to show a gender
difference in frequency of false alarms on the NDI task. Whether any or all of the above characteristics of

this sample will be reflected in the larger sample of the primary study remains to be determined. The
experiment protocol of the pilot study proved to be workable with testing and training occurring on the first
day and with the second day devoted to successive test trials. No problems were encountered in
administration of the various psychometric tests and measures and all will be used in the primary study.


http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=38bb#JD_P3V2Figure53
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=38bd#JD_P3V2Table54
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=38b9#JD_P3V2Table53
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=38b9#JD_P3V2Table53
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=117p1
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=117p2
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=popup&did=FAA%20Research%201989%20-%202002%2FInfobase%2F24cb%2F38f1%2F3d66&sub=117p3

Asindicated in the Introduction, the pilot study reported here represents the initial phase of alarger effort
(the primary study) to investigate relationships of selected subject variablesto NDI performance. A second

aspect of this effort isto investigate possible task-induced fatigue resulting from sustained performance on
the NDI task and to examine possible interactions between performance changes and the various subject

variables examined in the pilot study. Approximately 25-30 subjects will be tested in the primary study, but
the basic procedures and approach will remain essentially those incorporated in this pilot study.
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