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FURTHER DEVELOPMENT OF AUTOMATED GAT-1 PERFORMANCE MEASURES 

I. INTRODUCIAN 

Pilot proficiency has previously been measured subjectively, and the resulting unreliability and lack of 
precision have made comparisons of pilot training programs a major problem. Consequently, various 
automated measurements have been sought by previous investigators. Early work by Xrendel and McRuer 
(1960) showed no differences in single-axis compensatory tracking ability with pilot proficiency; the 
ultimate skill levels were achieved after a few practice sessions for till the subjects (S’s) involved. More 
recently, Garber and Krasnitskii (1968) found a small group of psychophysical variables that correlate with 
progress on initial flight training. Goebel, Baum, and Hagin(1971) found that several performance measures 
obtained from undergraduate pilots’ First few hours of training time in a GAT-1 correlated with future 
performance. Their test battery included a number of tasks and a variety of measurements on each task. 

This report describes a reanalysis and expanded study of the statistical approach of Hill and Goebel 
(1971) which selected test measurement that discriminated among changing pilot skills over tire first 100 
hours of flight training. The experimental system for generating these measurements consisted of a GAT-1 
trainer interfaced to a small on-line computer. Performance measurements were based on 16 flight variables 
of the GAT-' which were continuously monitored during ten simulated flight tasks. Basic performance 
measures consisting of means and standard deviations of selected flight variables and correlations between 
pairs of variables during each task were developed. It was believed that in sufficiently complex simulated 
flights, the Ss’ differing abilities to divide their attention, and hold a number of variables constan* could be 
used to measure their different skill levels based on their different amounts of flying experience. 

Since compensatory tracking affords stable measurements of human performance, especially in the 
crossover region (McRuer, Graham, Krendell, & Resner, 1965), and can provide a number of models of 
pilot performance, a tracking task was included into Experiment 1. It was expected that two-dimensional 
tracking in the GAT-1, with its dependencies on several flight variables, would provide better discrimination 
of pilots on the basis of their experience than the single-variable tracking using a joystick often used in 
studies of psychomotor performance in the laboratory. 

The two-dimensional tracking tasks (roll and pitch tracking) produced a surprisingly large number of 
measurements that separated the three experience groups of pilots studied in the previous Hill and Goebel 
(1971) research. Since the pilot-vehicle describing functions from the roll-tracking portion of the roll and 
pitch tracking task accounted for such a large number of discriminating tracking measurements, an assort¬ 
ment of new tracking tasks involving roll tracking was explored in the present experiment. One-, two-, and 
three-dimensional tracking^tasks were included in the second experiment, as were variations in the ampli¬ 
tude and band-width of the roll command signal. Tracking tasks, based on the new flight variables, yaw, 
altitude, and ground position, ai:o were included. 

The types of measurements derived from the tracked variables were greatly expanded in Experiment 
2. A frequency analysis of the coupling between variables in multicoordinate tracking tasks (cross¬ 
frequency analysis) was devised. A remnant analysis was included to determine smoothness of an individual 
S’s internally generated response in carrying out a task. Several variables were derived from the describing 
function by fitting different constants and the simple crossover model of McRuer et al. (1965) to the 
individual S’s data. Estimates of pilot gain, crossover, and equivalent time delay were obtained from the 
describing function. Similar measures were derived from the cross-frequency and emnant analysis. These 
new tasks and new families of measurements resulted in an increase in the number of measurements perS 
from 326 to 2,436. 

Because of an error in the calculation of describing functions of the previous study (Hill & Goebel, 
1971), this report includes a complete reanalysis of the previous data with corrected describing functions. 
Because of this change, and an additional error found in the multivariate discriminate analysis (the previous 
stepwise analysis was not terminated early enough in the step-by-step procedure), the corrected description 
of the previous study presented in this report as Experiment 1 should be considered a replacement for the 
entire previous report(Hill & Goebel, 1971). 
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II. EXPERIMENT 1 

Background 

The describing functions of the previous study were not correct because the command signal Uied for 
the calculation of the S's response was 90° out of phase. This problem was corrected by using the function 
X(g + 1)-1, where g is the previous gain and X is the ratio of the correct command signal to the previous 
command signal. During triis recalculation, several new variables were derived from the old data to mane the 
old data comparable with the data of the new experiment. The variables added are given below and the 
calculations for obtaining them are described in Appendix A: 

-Gains measured in decibels 
-High frequency gain 
-High frequency crossover 
-High frequency phase 
-Low frequency gain 
-Low frequency crossover 
-Low frequency phase 
-Equivalent time delay 

The second problem with the previous data analysis was that no limit for terminating the multivariate 
discriminant analysis was placed on the step-by-step procedure. The previous analysis terminated itself after 
27 steps, ideally separating the three groups of ten 5s. This, of course, represents a perfectly solvable 
problem and a statistical procedure is not necessary to solve it; 27 linear equations in 27 unknowns is a 
straightforward problem of algebra. The multivariate analyses were repeated using a realistic limit1 to 
determine if an added variable in the analysis significantly contributed to the separation of the groups. 
When no additional variables were found that met this criterion, the analysis was terminated automatically. 

Method 

Apparatus. An existing interface between a link General Aviation Trainer (GAT-1) and a L1NC-8 
computer system (described by HiU, Gardiner, & Bliss, 1969) was enlarged to permit continuous monitoring 
of eight flight variables (airspeed, altitude, climb, roll, pitch, heading, glideslope, and localizer) and to allow 
the computer to supply signals to two GAT-1 variables (roll and pitch) for tracking tasks. Computer 
processing of the data to provide usable output was divided into two stages because of the limited memory 
size and computational power of the LINC-8 computer. The LINC-8 was used to accumulate simple sums, 
cross products, and Fourier sums; and to generate the sums of sines command signals on line. Hie time scale 
for these accumulations was based on a 15-Hz clock.2 The variables were sampled, and sum, products, and 
command signals were updated every 1/15 second. The sums output from the LINC-8 recorded on paper 
tape at the end of tire test runs were further processed by formula translation (FORTRAN) programs to 
calculate the means, standard deviations, correlation coefficients, and gains and the phase shifts for the 
tracking tasks. 

three hundred and twenty six individual test measurements were made for each 5 over the four-task 
test series. Many measurements had the same name but were measured in different tasks. Consequently, a 
numbering system was used to identify each of them. The numbering system is given in Appendix B by 
numbers placed to the right of the computer printout in the same relative positions as the values of th; 
measurements. 

Subjects. Thirty 5s (three groups of ten) were selected on the basis of their flying experience and 
were run through the test series. Subjects in the beginner (B) group had little or no flying experience (less 
than ten hours); 5s in the intermediate (1) group had moderate experience (25 to 50 hours); and 5s in the 

. n / A <lescr‘ptÍ?n °f *be program BMD07M, including a description of the step-by-step calculations performed, is given 
in References 7. The F to-enter and F-to-delete levels were set to 2.5, and the tolerance level was set to 0.0001 for all 
computations reportai. 

A stable clock was obtained by dividing the 60-Hz line frequency by 4. 
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advanced (A) group had extensive experience (more than 100 hours) and, in addition, had logged 20 or 
more hours in the previous six months. The majority (approximately 80 percent) of the 5s had 1-1/2 hours 
of experience in the GAT-1 trainer from a previous flight test. Many 5s, expecially the advanced pilots, 
volunteered for the tests; others were obtained by offering them $5.00 for a 2-1/2 hour session. 

Procedure. A pre-test pilot familiarization period and four simulated flight tasks were selected for the 
experiment. They are described as follows. 

Pilot Familianzation 

Each 5 was asked to perform the following series of maneuvers to become accustomed to the GAT-1 
and its flight characteristics prior to his attempting the experimental test tasks: 

(1) A takeoff and climb to 1000 ft heading due east. 

(2) A 180° left standard rate level turn in 1 minute. 

(3) A 180° right standard rate level turn in 1 minute. 

(4) A 500 ft climb at 500 ft/minute. 

(5) A power change to 1800 rpm and back to 2400 rpm. 

(6) A 500 ft descent at 500 ft/minute while keeping airspeed at 100 mph. 

(7) A level flight while switching on half flaps and then full flaps and maintaining altitude at 1000 
ft. 

This familiarization procedure took from 15 to 30 minutes, depending on the 5. More warming-up 
time was spent with the B group than with the I or A groups. If a 5 did not reasonably complete one of the 
warm-up maneuvers, he was given a second opportunity before going on to the next. 

Simulated Flight Tasks 

( 1 ) Task I-Roll and Pitch Tracking. 

In this test the 5 was instructed to hold altitude at 1000 ft and heading at 90° (due east) while 
maintaining level flight with a power setting of 2400 rpm. He was told that a simulated rough air would 
make the trainer pitch and roll slowly and that he was to maintain altitude and heading as well as possible 
during the test run. 

This test was basically a two-coordinate compensatory tracking task with sum-of-sine-wave command 
signals introduced into the roll and pitch axes to simulate rough air. The amplitudes oí the individual 
command frequencies are given in Tables 1 and 2. In addition to the means, standard deviations, and 
correlations among the six monitored variables, the gain and phase of tire pilot-vehicle describing function 
for both roll and pitch tracking were recorded. 

Table 1. Amplitudes of the Roll Command 
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Table 2. Amplitudes of the Pitch Command 
Frequencies (Tasks I, II) 

Number of Frequency 
Cycles in Run (Hz) 

Amplitude 
(degrees) 

2 0.004 30.05 
7 0.014 8.57 

14 0.027 4.44 
27 0.053 2.27 
59 0.115 1.04 
81 0.158 0.76 

145 0.283 0.42 
274 0.535 0.22 

A long warm-up3 time (34.2 seconds) was provided in this test to allow the S to adapt to the 
command signals that started abruptly with the onset of the run. During the remainder of the test (545 
seconds) the S s performance was continuously monitored. The six flight variables monitored in this test are 
listed in the computer printout shown in Appendix B under the analysis entitled, “Roll and Pitch 
Tracking.” 

(2) Task II-Roll and Pitch Tracking with Power Changes, 

Task II was identical to lask I except that he S was additionally required to perfoim the series of 
power changes according to the schedule shown in Table 3. As in Task I the 5 first set up the trainer with 
proper altitude (1000 ft), heading (90°), and power (2400 rpm). Then he set the minute hand of the 
mrcraft clock to between 1 and 2 minutes before the hour and continued to hold heading and altitude 
When the time reached 0 minutes and 0 seconds, the S caUed “Mark” to the experimenter (E), who started 
the computer. The variables measured in Task II are shown in Appendix B under the analysis entitled “Roll 
and Pitch Tracking with Power Changes.” 

Table 3. Sequence of 
Power Changes for Task IÍ 

Tima after Start Power 
(min) (RPM) 

1 2000 
3 2600 
5 2000 
7 2600 
9 2400 

(3) Task III-Flight Profile. 

This test task consisted of five short (2 to 3 minute) maneuvers performed in quick succession The 
sequence of maneuvers is shown in Table 4. The S set up the clock as in Task II and called “Mark” at the 
begmrung of the first maneuver (time 0) and at tire beginning of the other maneuvers, as indicated in Table 
4. When h heard “Mark” he started the computer monitor. The S was monitored for only the first 75 
percem (approximately) of each maneuver, to keep the mean flight measurements from being biased if 5 
completed the maneuver too quickly and to allow E time for entering commands at me teletype to set up 
for the next maneuver. 1 

The warm-up rime was a time before the S’s performance was monitored, during which the LINC-8 generated the 
sum-of-smes command signals. 6 
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Table 4. Sequence of Events in the Flight 
Profile (Task III) 

Manauvor GAT-1 
Monitoring Duration Tima 

(>) (min) Subtasks 

Pretest 

A. Climb - 95 0 

B. Right turn-95 2-1/2 

C. Slow flight -145 5 

D. Descending turn - 85 8 

E. Descent-85 10 

Hold altitude at 500 ft 
Hold heading at 90° 
Hold power at 2400 rpm 

Call “Mark” 
Change power to 2600 rpm 
Climb at 500 ft/min to 1500 ft 

Call.“Mark” 
Start right standard 360° turn 
Hold altitude of 1500 ft 
Hold airspeed of 110 mph 

CaU “Mark” 
Reduce speed to 80 mph 
Hold altitude at 1500 ft 
Hold heading at 90° 

Call “Mark” 
Switch on half flaps 
Lower power to 1200 rpm 
Start left standard 360° turn 
Descend at 500 ft/min to 500 ft 

CaU “Mark” 
Switch on full flaps 
Raise power to 2500 rpm 
Descend at 250 ft/min to ground 
Hold heading at 90° 

The flight variables monitored and the output in each of the five maneuvers are given in Appendix B. 
No command signals were generated by the computer for the flight profile, but the rough air (internally 
generated by the GAT-1) was kept at its maximum value for the duration of the test. 

(4) Task / V-ILS Landing Approach 

In this final task S was instracted to climb to 2300 ft with power at 2400 rpm and a heading of 288° 
and fly toward the simulated airport at Seaport Beach. In addition to the instrument heading, a visual 
airport reference was used consisting of a piece of paper pinned to the cloth drape surrounding the trainer 
at a compass heading of 288 . The GAT-1 position plotter was used to position the trainer approximately 
12 miles from the airport, directly on the approach beam. As the S flew into the glide slope beam and the 
glide slope needle crossed zero, he was instructed to caU “Mark” to E and to begin descending at 100 mph, 
while keeping the glide slope and localizer needles crossed. 

Since many of the 5s had never flown an instrument landing system (ILS) approach, even many of 
the 5s in the A group, a warm-up was given before the monitored test. The warm-up consisted of placing an 
5 on the localizer beam before he started climbing to 2300 ft and letting him follow the beam while 
cUmbing, and then again while descending several hundred feet on the beam after the glide slope had been 
intercepted. During the warm-up period E gave 5 verbal help to keep him on the beam and suggested the 
strategy for returning to the beam if he drifted off. After this warm-up, the data run began, and the 
variables given in Appendix B were monitored. 

9 
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In each of the monitored runs, for each of the simulated flight tasks described above, all the 
unchanging flight variables were monitored, but the remaining variables were not. For example, in a 
descending turn, altitude and heading were not monitored, but airspeed, rate of descent, roll angle and 
pitch angle were monitored. 

Determination of Discriminative Efficiency of Test Measures. A one-way analysis of variance was 
performed on each of the 326 sets of test measurements to determine the ability of each measure to 
distinguish independently among the beginning (B), intermediate (I), and advanced (A) gr • , s of 5s. This 
use of the analysis oí variance statistic is not in accordance with standard practices in psychological research 
and is in error judged by conventional criteria. The rationale for this nonstandard use of analysis of variance 
is presented subsequently and may be evaluated best in view of the specific requirements of the study. The 
distnbutton of the F values obtained from these analyses is shown in Table 5. In terms of the number of 
test variables with an F value greater than the Un it shown and less than the next higher limit shown. The SO 
measures with which it was possible to reject the null hypothesis for the three groups of 5s at the 5-percent 
tm £ 8^ea*er *han 3.35) are shown in Table 6, together with the significance level achieved. In addition, 
Table 6 gives the mean of the measuie for each group, the mean over all three groups, and the standard 
deviation over all three groups. The 50 statistically significant variables have been marked in the annotated 
final analysis printout of Appendix B so that they may be easily identified by name. 

Table 5. Distribution 
of F Values for 
Experiment 1 

F Limits Sisnlflcanca Variables 

0 0.50 157 
1.0 44 
1.5 28 
2.0 27 
2.5 0.10 15 
3.0 5 
3.35 0.05 14 
4.24 0.025 18 
5.49 0.01 4 
6.49 0.005 3 
7.81 0.002 3 
8.81 0.001 8 

Total 326 

To determine which of the four flight tests and which of the generic types of variables measured in 
the tests contributed most to differentiation, the summary shown in Table 7 was made. Of the four tasks, 
Tasks I through HI contributed high proportions of significant variables (based on the number significant 
divided by the total number available from each task). Only 9 percent of the Task IV variables were 
significant. Since all the tasks contributed measures which discriminated among the B, I and A groups it 
appears that a group of tests requiring several different skills and types of coordination, should be used’to 
differentiate between the skill levels of pilots, rather than only one test. 

Of the four types of measurements made in the tasks (means, standard deviations, correlations, and 
track mg parameters), the standard deviations produced the highest proportion (32 percent) of the 
significant differences between 5s. The tracking measurements were second best (after standard deviations) 
in ability to separate the groups of 5s, with 18 percent of them being significant. A breakdown of the 
tracking measures into those obtained in roll and pitch tracking, also giver in Table 7, shows that almost ah 
the significant tracking measures were obtained from roll-tracking gains. In fact, roll tracking was the most 
efficient task for generating significant measures with 34 percent of those measured significant at the 5 
percent level. The most efficient variables of all were the roll gains, with 19 of the 32 measures (59 percent) 
statistically significant. * ' 
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Table 6 

VARIABLE F 

STATIST ICALLVISIONIFICANT 

SIGNIFICANCE B MEAN 

variables FROM EXPERIMENT 1 

I mean a mean mean STD.DEv. 

22 
27 
32 
35 
36 
37 
39 
75 
77 
98 

4.34 
4.02 
3.64 
5.51 
9.92 
9.49 
4.81 
4.77 
4.86 
6.28 

025 
050 
050 
010 
001 
001 
025 
02'.' 

025 
010 

.015160 

.016330 
23.504 

1.186 
.655200 
.412370 
.325440 

2.948 
2.967 
7,133 

.080270 

.077060 
33.332 

1.637 
.922570 
.549650 
.414300 

2.249 
2.137 
8.072 

-.039740 
-.037080 

50.193 
2.083 

1.190650 
.712370 
.466830 

1.530 
1.535 

14.731 

.018563 
• 01877<* 

35,. 76 
1.63« 

.922907 

.55« no 

.402190 
2.242 
2 213 
9 ,° r -i 

.091176 

.0900C? 
22.365 

.604 
.26885:. 
.154226 
.103066 

1.026 
1.031 
5.226 

100 13,48 
101 10.71 
102 4.59 
132 3,39 
138 4,00 
140 3.79 
156 4.93 
158 3,66 
160 3.99 
172 4,99 

001 
001 
025 
050 
050 
050 
025 
050 
050 
025 

1.116 
.514570 
.*23820 
433.525 

1.988 
2.008 
6.079 

186,621 
2.519 
1409. 

1.391 
.851930 
.534080 
441,600 

2.154 
2.121 
5.832 

192.167 
2.506 
1437. 

2.004 
1.117000 

.628920 
462.225 

1.223 
1.242 
3.968 

126,796 
1.958 
1489, 

i.500 
,7/54500 
• 528340 
445,783 

1.788 
1.791 
S ,293 

168.528 
2.294 
1445. 

,393 
.252398 
.151540 
25.413 

.785 

.776 
1.644 

59,913 
.599 
57. 

173 3.63 
177 5.89 
181 4.34 
184 5.26 
139 5.04 
199 3,40 
203 4,74 
205 5.13 
206 4.97 
209 3,,67 

050 
010 
025 
025 
025 
050 
025 
025 
025 
050 

10.675 
7,767 
2.417 

-.284770 
-.454580 
-439.375 

156,234 
2.318 

-.457200 
-.298590 

22,925 
6,214 
1,917 

.032620 
-.206610 
-476.100 

174,024 
2.460 

-.696710 
-.445960 

38.725 
6.511 
1*521 

.015760 
-.225190 
-385.000 

96,985 
1.403 

-.266030 
-.192420 

24,108 
6.164 
1.952 

-.078797 
-.295460 
-433.492 

142,414 
2.060 

-.473313 
-.312323 

23,343 
2.123 

.682 
.246315 
.194462 
78,609 
58.564 

.801 
.306110 
.210122 

210 5.19 
213 3.88 
241 7.27 
243 7,27 
245 4.66 
268 4.53 
27q 3.48 
2711 3,83 
272 8.49 
273 8.62 

025 
050 
005 
005 
025 
025 
050 
050 
002 
002 

.577790 
-173.125 

5.606 
5.642 

1.163600 
26.:04 
9.372 

.610 
-4,475 
-8.392 

.725500 
•169,725 

3,749 
3,933 

.629900 
28,377 
12.919 
2.930 

-1.091 
-5,536 

.571330 
-211.400 

2.803 
2,829 

.543600 
32.983 
14.394 
6.136 
1.328 

-3,103 

.624873 
-184,750 

4.053 
4.135 

.779033 
29.421 
12g 228 
3.225 

-1.413 
-5,677 

.121057 
37.173 

1.672 
1.662 

.492202 
4.709 
4.373 
4.481 
3.164 
2.851 

274 5.94 
278 8.40 
284 7.61 
286 10.96 
287 1Ó.S8 
288 5.03 
290 5.16 
293 9.23 
294 11.30 
322 3.64 

010 
002 
005 
001 
001 
025 
025 
001 
001 
050 

-9.800 
-5.514 
15.552 

.449 
-5.325 
-8.120 
22.231 
•5.814 

.119520 
-165.987 

-8,087 
-2.946 
17.609 
2.353 

-1.683 
-5,747 
24,000 
-3.341 

.161580 
-133.117 

-6,763 
-.600 

22.559 
5.932 

.745 
•4,218 
27.863 
-1.344 

.215440 
-145.311 

-8.217 
-3.020 
18,573 
2.911 

•2.088 
-6.028 
24,698 
-3,500 

.165513 
-148,138 

1.976 
2.681 
4.129 
2.659 
2.971 
2.772 
4,011 
2.331 

.045221 
27.532 
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Table 7. Breakdown of the Important Variables 
in Experiment 1 

Number of Number Percentaje 
Source of Available Significant Significant 
Variables Variables (5% Test) (S% Test) 

Task l 
Ta^ll 
Task III 
Task IV 

Task Totals 

Means 
Deviations 
Correlations 
Tracking 

Variable Totals 

Roll gains 
Roll phases 
Roll derived 
Ptich gains 
Pitch phases 
Pitch derived 

Tracking Totals 

95 
95 

101 
35 

326 

44 
44 

102 
136 

326 

32 
16 
20 
32 
16 
20 

136 

15 
14 
18 
3 

50 

5 
14 

7 
24 

50 

19 
•) 
4 
0 
0 
1 

24 

16 
15 
18 
9 

1 1 
32 

7 
18 

59 
0 

20 
0 
0 
5 

To understand better the differences amon^ pilot group; evidenced in the pilot-vehicle describing 
functioirs (gains and phases), the describing functions for Task \ shown in Figures 1 and 2 were studied. 
Wie re aifferences among groups exist, they were repemable across the frequency spectrum. It is obvious 
from Figures 1 and 2 that the two derived variables, high and low frequency roll gain, contain all the useful 
gain information in the roll-describing function for separating groups. The low frequency roll gain 
differences were not significant because of their normal high variability, but differences in high frequency 
pitch phase were significant, with the B group showing greater phase shift (equivalently greater lag or 
reaction time) than the I or A groups. 

The correlation coefficients were the least productive in showing significant differences among pilots. 
Since only 7 percent of them were significant at the 5 percent level, there is little evidence to indicate that 
they contribute to pilot skill differentiation and probably the correlations should be eliminated from the 
tests. On the other hand, only 5 percent of the pitch tracking measures were significant at the 5 percent 
level. 

111. DISCRIMINANTS IDENTIFIED IN EXPERIMENT 1 

One of the objectives of this study is to determine statistically the measures that can be used to 
define or evaluate pilct performance over the first 100 hours of training. The approach is to use a linearly 
weighted sum of automated performance measures (a discriminant or factor) that optimally differentiates 
among the three groups of Ss. Different means of obtaining this discriminant, using an analysis of variance 
and a “canned” stepwise multivariate discriminant analysis program, are described in this section. Three 
discriminant functions were obtained from the data pool of Experiment 1 for later application to the data 
pool of Experiment 2. This comparison allows estimation of the usefulness and reliability of the three 
methods for obtaining such discriminants described in this section. 
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Each data point represents the average of ten subjects. 
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FIGURE 2 PILOT-VEHICLE DESCRIBING FUNCTIONS FOR PITCH 
TRACKING IN TASK I 

Each data point represents the average of ten subjects. 
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AM Discriminant-Determined by Analysa of Variance 
Followed by Multivariate Discriminant Analysis 

This two-stage method of determining a discriminant is based on an initial selection of mesures using 
a one-way analysis of variance ol each measure to determine its ability to separate correctly the d.fferent per¬ 
formance of the three groups of subjects. The resulting set of measures with an acceptable significance level is 
entered into a multivariate discriminant analysis program. The primary requirement for this two-stage 
method is to reduce the size of the set of measures set so all measures found to discriminante satisfactorily 
between B, I and A groups may be entered simultaneously into the analysis program. The multivariate 
program handles only 71 variables while in Experiment 1 there were 326 measures; consequently, the 
one-way analyses of variance were employed in identifying the “best” 71 of 326 for entry into the multiple 

discriminant analysis. 

The distribution of /•' values shown in Table 5 was used to select tne measures for input to the 
multivariate discrimination program. The set of measures with F values larger than a given /• criterion 
consisted of two groups: these representing a real difference among the three experience level groups of 
pilot subjects, and those representing chance statistical fluctuations in the data. As the criteu.mFvalue is 
raised, fewer measures are included, but they are more likely to show real, repeatable differences. As the 
criterion is lowered, more variables arc included, and a larger portion cf them are variables significant by 
chance, showing differences among groups that will not be repeated in subsequent tests. 

As a compromise between losing important variables and gaining variables signilicant only by chance, 
an F criterion of 2.5 was chosen. This value is achieved by 10 percent of the Fs computed on samples 
drawn from the same population. A smaller F criterion would begin to include more false positives than 
positives, and a larger F criterion would eliminate too many discriminating variables. It can be seen that the 
analysis of variance statistic was used to aid decision making in a w'ay other than that lor wh n it is 

characteristically employed. 

The 70 variables meeting the F = 2.5 criterion were entered into the stepwise multivariate 
discriminant analysis program, BMD07M, for the final selection of the most important Bight variables The 
program went through eight iterations before it stopped adding the variable with the highest F value at each 
step and recomputing the F values of the remaining unselected variables on the basis of the remaining 
pooled variance. In this way, eight of the 70 flight variables were selected by the program as being 
significant in discriminating among the three groups of pilots before the F level of the remaining variables 
became lower than that required for further computation. These final variables are listed in Table 8, with 
their initial F values [2 and 27 df (degrees of freedom)] and final F values [2 and 20 df] to test the null 
hypothesis among the three groups. The variables with the highest final F values are the most efticient in 

separating the three groups. 

Table 8. AM Discriminant Summary 

Varlabl* Initial Final 1st Canonical 2n<l Canonical Grand 
Numbtr Name, Task F-Valua F-Vilua Coefficient Coefficient Mean 

100 .125 Hz Roll, tracking gain, 1! 
153 Climb rate, III-B 
189 Pitch-altitude correlation, III-C 
210 Pitch-climb correlation, III-D 
225 Pitch-airspeed correlation, III-E 
241 Roll standard deviation, IV 
245 Localizer standard deviation, IV 
313 .014 Hz Pitch tracking gain, II 

13.47 18.04 3.35 - .0179 1.50 
2.60 8.12 .0199 - .0074^ 22.9 
5.04 6.01 - .613 -5.67 - .295 
5.19 11.64 -8.10 -7.67 .624 
3.02 6.54 1.43 4.39 .396 
7.27 2.81 - .273 - .495 4.05 
4.65 6.41 -1.710 1.54 .77" 
3.33 11.23 -.235 .0867 25.6 

After electing the variables that best discriminate, the BMD07M program performed a coordinate 
rotation in eight-space to find new orthogonal variables (canonical variables or factors) that account for 
most of the dispersion (or variance) in the data. The value of the two canonical variables, C| and C2, for 
each pilot in the test series is given by: 
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C, - S UjfXj 

J=J 
9 d) 

c2 = £ V. (x. - jQ) 
j=l 

(2) 

Where r is the number of discriminating variables chosen (eight) in this case, u. and v. are the first and 
second canonical weighting coefficients, x is the value of the eight variables obtained for the given pilot, 
and x. is the grand mean for each of the discriminating variables. These data are given in Table 8. The 
individual values of the two canonical variables for the 30 pilots are shown in Figure 3, as determined from 
the coefficients and grand mean of Table 8 using Eqs. (1) and (2). 

MM Discriminant—Determined by a Two-Stage Multivariate Discriminant Analysis 

A second procedure for selecting the variables that best discriminate among the three groups of 
subjects is to break the 326 variables into groups of 71 or fewer variables and run the multivariate analysis 
to determine the variables significant in separating the three groups. This procedure may allow more 
interaction among variables in separating the groups than the previous method. 

For this analysis the 326 variables were divided into the five groups shown in Table 9 and 
independently entered in the BMD07M multivariate discrimination program. The last group (Group 5) 
contained the derived tracking variables from Task I and II added in this reanalysis. These include the 
tracking gains measured in decibels and the constants fitted to the describing function. 

The 47 selected test variables were again entered into a multivariate discriminant analysis for final 
selection. Fifteen of the 47 ilight variables were selected before the statistical termination procedure was 
reached. These final variables are listed in Table 10 with their initial F values (2 and 27 df) and final F 
values (¿ and 13 df). The individual values of the two canonical variables for each of the 305s plotted using 
the coefficients and grand means of Table 10 and Eqs. (1) and (2) are shown in Figure 4. 

Table 9. Summary of First 
Multivariate Analysis 

Varlibta 
Group 

Numbar of 
Numbarof Significant 

Taaki Variabla* Variablat 

Î 1 65 
2 II 65 
3 III-A, Ill-B, III-C 67 
4 III-D, III-E, IV 69 
5 I, II 60 

Total of all tasks 326 

6 
17 
11 
6 
7 

47 

C lose examination of the initial F values of the MM Discriminant of Table 10 reveals that more than 
half the variables chosen (8 out of 15) are not significant (5% test) in the': .bOity to separate the three 
groups. Several variables even have F values close to 1.00 or below it, su^gestii.¿ that they are but random 
variables contributing to the separation of the 30 particular 5s ,( the 5 pool but not to separation of 
experience groups in general. 
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FIRST CANONICAL VARIABLE — linear trend 

SA-1676-4 

FIGURE 3 CLUSTER PLOT OF THE AM DISCRIMINANT APPLIED 
TO THE 30 SUBJECTS OF EXPERIMENT 1 
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Table 10. MM Discriminant Summary 

Varfibl* Initial Final 1»t Canonical 2nd Canonical Grand 
Number Name. Talk F-Value F-Value Coefficient Coefficient Mean 

22 Pitch-roll correlation, I 
79 Climb-airspeed correlation, II 
98 .029 Hz Roll tracking gain, II 

100 .125 Hz Roll tracking gain, II 
153 Climb rate, III-B 
183 Airspeed-altitude correlation, III-C 
196 Roll-yaw correlation, III-C 
205 Pitch standard dev., III-D 
210 Pitch-climb correlation, IH-D 
225 Pitch-airspeed correlation, II1-E 
241 Roll standard deviation, IV 
284 .029 Hz Roll tracking gain (db), II 
291 Low frequency roll crossover, II 
307 Low frequency pitch phase I 
313 .014 Hz Pitch tracking gain (db), II 

4.34 6.09 
1.12 26.41 
6.28 2.62 

13.47 35.79 
2.60 27.95 
1.78 9.58 
.85 6.61 

5.12 2.82 
5.18 23.56 
3.01 22.33 
7.27 31.64 
7.61 7.37 

.50 7.38 

.39 14.95 
3.33 9.98 

-12.7 
-30.4 

.353 
8.15 

.050 
3.45 

- 5.18 
- .142 
-23.6 

7.66 
- 1.83 
- .620 
- .580 
- .100 
- .208 

-3.24 .0186 
-2.99 - .180 

.287 9.97 
1.01 1.50 
.007 22.9 

4.29 .108 
3.16 .950 

-1.35 2.06 
-1.75 .625 

7.40 - .397 
.242 4.05 
.876 18.6 
.938 .647 

- .114 -195. 
.265 25.6 

FIRST CANONICAL VARIABLE — linear trend 
SA-1676-5 

FIGURE 4 CLUSTER PLOT OF THE MM DISCRIMINANT APPLIED 

TO THE 30 SUBJECTS OF EXPERIMENT 1 



Because of the concern that the BMD07M program might not be capable of meaningful selection of 
variables from a large base (326) using only 27 df, some experiments with ra idimly generated variables 

were carried out. 

Discriminants from Random Pools of Variables 

Since no statistics are known on how well a stepwise multivariate discriminant analysis can be 
expected to select from pools of 60 to 70 variables to differentiate among three groups of 10 subjects, 
empirical d were obtained by running the program with random numbers. No statistic is available in the 
BMD07M pnjgram for determining the significance of the v.riable added at each step in further separating 
the groups. To solve this problem, the calculation of Mahalanobis distance, DJ (approximately chi square 
distributed), based on the U statistic as described by Rao (1970) was added to the program. Since D2 is 
additive, the change in D2 (2 df) with each added variable did not contribute to the separation among 
groups. In addition to the incremental D2 calculation, the program was modified to print out the 
classification matrix after each step. 

To obtain empirical distributions of the D2 statistic and classification speed, the following 
experiment was carried out. Ten separate sets of random data were generated, using a random number 
generator.4 Each set of data consisted of 70 random number (corresponding to flight variables) for each of 
30 hypothetical “subjects.” Ten “subjects” were arbitrarily assigned to each group HO beginners, 10 
intermediate, and 10 advanced). Each data bank, a 30 x 70 matrix of random numbers was entered into 
the BMD07M stepwise discriminant program. 

The results of the random data runs were quite surprising. Table 11 shows the number of “subjects” 
correctly classified by the stepwise discrimination procedure for each of the first 12 discriminating 
variables. It can be seen that on the average, the best one of the 70 random "fright variables” correctly 
classified 15.9 “subjects,” and on the average only nine selected random “flight variables” are needed to 
classify correctly all 30 “subjects.” The most typical discriminant of the ten runs (closest to average in 
separating ability) is shown in Figure 5. 

These results indicate that the stepwise multivariate discriminant procedure is being misused in this 
application where it is expected to search large pools of variables (from appioximately 50 up to 326) to 
select a few significant variables. Its use should be restricted to cases where t!>e number of variables in the 
pool is much less than the number of pilots. The diversity of combinations r variable in such a large pool of 
random variables is put to quick use in separating groups. 

Table 11. Number of “Random” 

Pilots Correctly Classified 

Number of 
Discriminating Worst of Average of Best of 

Variables Ten Runs Ten Runs Ten Runt 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

14 15.9 18 
17 18.8 21 
19 21.0 24 
19 23.0 26 
22 24.9 28 
22 25.0 29 
23 26.7 30 
25 27.4 30 
27 28.5 30 
28 29.2 30 
29 29.9 30 
29 29.9 30 

4Ten uniformly distributed random numbers, each obtained by the CDC 6400 FTN random number generator 
(RGEN), were summed to obtain individual samples from an approximately normally distributed process having a mean of 
5.0 and standard deviation of 0.8. 
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FIRST CANONICAL VARIABLE — linear trend 
SA-1676-6 

FIGURE 5 CLUSTER PLOT OF TYPICAL RANDOM DISCRIMINANT 
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Experiment 1 Conclusions 

The results with random data indicate that the multivariate discriminant analysis should not be used 
as a selection tool in this application. The fact that the majority of variables in the MM discriminant are not 
statistically significant in their own right suggest that the MM procedure is selecting variables that 
differentiate among the particular 30 Ss of the analysis, but will not be useful in differentiating among new 
5s. This failure is useful because it suggests a rule for choosing candidate variables: a variable must be 
statistically significant in separating the three groups of Ss by itself. Only if this is true do we have some 
assurance that the variable shows a difference that will be repeated by other 5s. 

This is exactly the approach used to obtain the AM discriminant. The large number of variables (70) 
entered in the multivariate analysis, however, still called for the analysis procedure to do the selection, 
possibly causing the resulting variables to be weighted so that particular, unrepeatable, differences among 5s 
are used to differentiate among the three groups. A better method of ? lection would be to increase the 
level of confidence (alpha) criterion for acceptance from the .10 level previously used to a higher level, say 
the .01 or the .001 level. A level of confidence of .01 in this study would have reduced the number of 

candidate variables from 70 to 18. 

In addition to raising the significance level of acceptance of a variable, common sense indicates that 
many of the variables are highly correlated and hence redundant, and that some generic types of 
measurements are not effective above chance in generating statistically significant variables. 

The describing functions of Figures 1 and 2 indicate that the tracking variables are highly correlated. 
Where differences among groups exist, they are repeatable across the entire frequency spectrum. Also, 
according to the way they are derived from these curves (Appendix A), gain and crossover measures are 
highly correlated, as are high frequency phase and equivalent time delay. 

The results of Experiment 1 indicate that the correlation coefficients do not moduce significant 
variables above the chance level. Only 7 out of 102(6.8 percent) are significant at the 5 percent level. This 
is less than half as many as the other families and suggests that the correlations are not reliable in 

distinguishing among pilots. 

With this background, the following rules for reducing the number of candidate variables are 

proposed: 

• Rule 1 ■ Eliminate the tracking parameter ,(descri )ing function) in favor of the parameters derived 

from them. 

• Rule 2 - From the derived tracking parameters eliminate the parameter of each following pair with 
the lowest F value. 

-Low frequency gain, low frequency corssover 

-High frequency gain, high frequency cross> wer 

-High frequency phase, equivalent time deh y. 

• Rule 3 - Eliminate the 102 correlation coefficients. 

In experiment 1, application of Rule 1 would eliminate 96 individual tracking gain and phase 
components (Variables 31 to 46, 50 to 65, 96 to 111, 115 to 130,267 to 274,297 to 304, 283 to 289, and 
312 to 319). Application of Rule 2 would eliminate 3 variables from each of the 4 tracking analyses (12 
variables) that are, by construction, highly correlated. 

Applying these three rules to the data would reduce the number of variables from 326 to 116. Using 
signifi ;ance level as the last criterion for selecting a small number of variables from the pool of 116, we find 
5 qualifying variables above the 0.01 level and 14 above the 0.025 level. As a test of the efficacy of these 
rules, eaJi of these groups was separately entered in the BMD07M program, and the two discriminants 
obtained were identical and are shown in Table 12 with their initial F values (2 and 27 df) and final F 
values (2 and 26 df). The individual values for the two canonical variables for each of the 30 5s plotted 
using the coefficients and grand means of Table 12 and Eqs. ( 1) and (2) are shown in Figure 6. 
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Table 12. RAM Discriminant Summaiy 

iriabl* Initial Final lit Canonical 2nd Canonical Grand 
umb#r .Nama.Taik F-Valua F-Value Cocffldant coefficient Mean 

241 Roll standard deviation, IV 7.27 4.69 - .39 - .45 4.05 

294 Hi^ frequency roll crossover, II 11.30 8.12 17.70 -13.35 .166 

FIRST CANONICAL VARIABLE — linear trend 

SA-1676-7 

FIGURc 6 CLUSTER PLOT OF THE RAM DISCRIMINANT APPLIED 

TO THE 30 SUBJECTS OF EXPERIMENT 1 
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One of the differences among the RAM discriminant and the previous discriminants is the dominance 
of the linear canonical variable m separating the three groups. With the AM, MM, and Random 
discriminants, cluster plots had a triangular shape; with the RAM discriminant, the clusters lie in a straight 
line. This difference further suggests that the three previous discriminants were building group differences 
from peculiar differences among 5s in the 305 pool the same way that differences can be built up by using 
a pool of random numbers. It also seems logical and desirable that pilot performance measures should be 
measured on a single axis (the first canonical or linear variable) of increasing skill with monotonically 
increasing changes from B through 1 to A groups rather than the up-down-up changes resulting from the 

second canonical (quadratic) variable. 

IV. EXPERIMENT 2 

Introduction 

Experiment 2 was a considerably expanded version of Experiment 1 designed to fulfill the following 

requirements: 

• Replicate the measurements of Experiment 1 to obtain data tor verifying the reliability of the 

discriminants based on 30 new 5s. 

• Include additional flight variables, particulaily all the 5s’ control inputs (throttle, rudder, elevator, 

and aileron). 

• Determine if roll tracking alone was the task that discriminated among groups, or if it was the 
particular two-dimensional tracking procedure used in Experiment 1. For this purpose one-, two-, and 
three-dimensional tracking tasks (including roll) were explored, as well as tasks with varied bandwidth and 
amplitude of the roll command signal. 

• Experiment with several types of direct and derived tracking measurements based on the remnant 
spectrum and cross-coupling between tracking tasks. 

Method 

Apparatus. In this experiment more flight variables were recorded and controlled, and a visual 
reference system was added as shown in Figure 7. The interface between the GAT-1 and LINC-8 computer 
was enlarged to allow continuous monitoring of eight additional flight variables (power, absolute heading, 
rate of turn, rudder, elevator, aileron, northing from a reference station, and radial distance from a 
reference station) and to ; ilow the computer to introduce signals into three additional GAT-1 variables 
(yaw, altitude, and north-south position) for tracking tasks. 

The LINC-8 computer program was modified to subtract a continuously changing ramp function 
from specified variables so that changes from the required profile could be monitored. For example, the 
actual altitude difference from the profile specified by 500 ft,'min climb starting at an altitude of 500 ft 
could be monitored exactly like other, unchanging flight variables. The ability to monitor linearly changing 
variables was used to follow altitude deviations during steady climbs and descents and heading deviations 
during fixed rate turns. 

The LINC-8 tracking program was expanded to permit tracking command signals to be composed of 
16 different sine wave components. The Fourier analysis was expanded from 8 to 16 frequencies, and the 
ability to perform Fourier analysis of a flight variable at several different sets of frequencies was added. 
With 16 instead of 8 data points, the pilot-vehicle describing functions were expected to be smoother and 
the variables derived from them (like average gain, crossover frequencies, and equivalent time delay) were 
expected to be more stable. Analyzing one flight variable at the frequencies contained in the command 
signal of another flight variable is called a cross-frequency analysis. The cross-frequency analysis permitted 
the coupling from one variable to another during a multidimensional tracking task to be determined (i.e., in 
roll and pitch tracking how much of the pitch command the 5 coupled into roll and vice versa). Analyzing a 
tracking flight variable at frequencies not in any command signal permitted the self-generatc response of the 
pilot, the remnant, to be measured. Breaking the remnant power into high and low frequency portions 
permitted estimates of the jerkiness or smoothness of the 5’s control handling to be made. 
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LINC-8 COMPUTER 

T A -9 34583-6 R 

FIGURE 7 EQUIPMENT CONFIGURATION FOR EXPERIMENT 2 

To carry out simple maneuvers entailing ground reference, the simulated ground reference system 
shown in Figure 8 was built. The visual reference system consisted of an x-y plotter and a closed circuit TV 
system. An 11 by 17 inch commercial x-y plotter was used to indicate the x and y coordinates of the 
GAT-1, using a scale of approximately 1 inch per mile. This afforded considerably greater resolution and 
smoothness than the original plotter supplied with the GAT-1. 

A TV camera, positioned about 3 ft above the x-y plotter on a stand, viewed about a 7 by 9 inch area 
on the plotter’s bed. Served from a potentiometer in the base of the GAT-1, the TV camera followed 
rotation of the GAT-1. In this way, “up” on the TV monitor always corresponded to the direction of 
travel, and the turning direction to correct position errors was easily measured. 

A small portable TV monitor on the instrument panel of the GAT-1 provided the test subject with 
ground reference information. On the monitor, the subject saw a plot of his required ground course and a 
small moving circle (buDseye) representing the position of the aircraft above the ground. 

Subjects. Thirty Ss were selected on the basis of their flying experience, using the procedure 
described in E eperiment 1. Many Ss in the advanced group volunteered for the test; the remainder were 
obtained by offering them $10.00 for completing two lest sessions, each approximately 2.5 hours long. 
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FIGURE 8 GROUND POSITION VISUAL DISPLAY SYSTEM 

The subject observes his changing position (bullseye) on the 

ground reference using closed-circuit TV. The ground track 

shown represents a circle 2 miles in diameter. 



Procedure. After performing the same warm-up and the same four tasks of Experiment » (Tasks I 
through IV), each S was run through six additional tasks (Tasks V through X). Since 2,436 individual test 
measurements were made on each S in the test series, many having the same name but measured in different 
tests, a numbering system similar to that used for the variables of Experiment 1 was used here. The number 
of each measurement is given in Appendix C by numbers placed to the right of the computer printout. 
When more than one measurement is printed on a line, the variables are numbered consecutively from left 
to right across the line with only the number of the last variables on the line being given. The description of 
the computational procedure used to obtain the test variables is given in .'opendix A. 

Pilot Familiari/ation 

All pilots followed the same warm-up procedure used in Experiment 1. 

Simulated Flight Tasks 

(1) Tasks l Through IV 

Task I, Roll and Pitch Tracking; Task III, Roll and Pitch Tracking with Power Changes; Task III, 
Flight Profile, and Task IV, ILS Landing Approach, were the same as the corre;ponding tasks of 
Experiment 1 except for the enlarged set of measurements obtained. 

(2) Task V Roll Tracking 

This task was the same as Task I in both its requirements of the S a;.d its duration. Instead of the 
separate sum-of-sine command signals introduced into the roll and pitch axes, a command signal was 
introduced only into the roll axis. When combined with Task I and Task VI, this task provides data for 
comparison of one-, two-, and three-dimensional compensatory tracking tasks including roll tracking. The 
amplitudes of the individual roll command frequencies ar. given in Table '3. In addition to the means, 
standard deviations, and correlations among the 12 monitored variables, the roll describing function, roll 
remnant analysis, and test variables derived from them were obtained (Appendix C). 

Table ¡3. Amplitudes of the Roll Command 
Frequencies (Task V) 

Numb«)' of 
Cycle! In Run 

Frequency 
(Hi) 

Amplitude 
(degreei) 

9 
13 
16 
20 
25 
33 
41 
51 
63 
81 

101 
127 
161 
303 
255 
321 

0.018 
0.025 
0.031 
0.039 
0.049 
0.064 
0.080 
0.100 
0.123 
0.158 
0.197 
0.248 
0.314 
0.396 
0.498 
0.627 

28.72 
19.90 
16.16 
12.93 
10.34 
7.82 
6.30 
5.04 
4.10 
3.19 
2.56 
1.98 
1.60 
1.27 
1.01 
0.81 
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(3) Task VI-Roll, fttch, and Yaw Tracking 

Task VI is the same as Task I in both its requirements of the S and its duration. Sum-of-sine 
command signals described in Tables 14,15, and 16 were introduced into the three axes. It should be noted 
that this task was considered harder by many 5s than the other t acking tasks, and earned it the nickname 
“airsick.” In addition to the analyses of Task V, cross-frequency and remnant analyses were performed on 
the tracking data. The test measurements obtained are indicated in Appendix C by name, and the 
computations required to obtain them are given in Appendix A. 

Table 14. Amplitudes of the Roll Command 
Frequencies (Task VI) 

Number of Frequency Amplitude 
Cycles In Run (Hz) (degrees) 

9 
13 
16 
20 
25 
33 
41 
51 
63 
81 

101 
127 
161 
203 
255 
321 

0.018 
0.025 
0.031 
0.039 
0.049 
0.064 
0.080 
0.100 
0.123 
0.158 
0.197 
0.248 
0.314 
0.396 
0.498 
0.627 

14.18 
10.21 
8.29 
6.63 
5.29 
4.01 
3.23 
2.58 
2.10 
1.63 
1.31 
1.04 
0.82 
0.65 
0.52 
0.41 

Table 15. Amplitudes of the Pitch Command 
Frequencies (Task VI) 

Number of Frequency Amplitude 
Cycles in Run (Hz) (degrees) 

10 
14 
17 
22 
26 
35 
43 
53 
64 
87 

111 
131 
172 
207 
273 
355 

0.020 
0.027 
0.033 
0.043 
0.051 
0.068 
0.084 
0.104 
0.125 
0.170 
0.217 
0.256 
0.336 
0.404 
0.533 
0.693 

6.55 
4.68 
3.86 
2.98 
2.52 
1.87 
1.52 
1.23 
1.02 
0.75 
0.59 
0.50 
0.38 
0.31 
0.24 
0.18 
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Table 16, Amplitudes of the Yaw Command 
Frequencies (Task VI) 

Numbar of Fraqutncy Amplitud* 
Cyd«i In Run (Hz) (dagr*«) 

11 
15 
18 
24 
29 
37 
49 
54 
73 
95 

117 
147 
193 
237 
265 
347 

0.021 
0.029 
0.035 
0.047 
0.057 
0.072 
0.096 
0.105 
0.143 
0.186 
0.229 
0.287 
0.377 
0.463 
0.518 
0.678 

4.61 
3.38 
2.81 
2.11 
1.74 
1.37 
1.03 
0.94 
0.70 
0.53 
0.43 
0.3 c 
0.26 
0.21 
0.19 
0.15 

(4) Task VII-Reduced Bandwidth Roll Tracking 

This task is identical to Task V in performance anù analysis xcept that the reduced bandwidth 
command signal described in Table 17 was substituted for the one previously used. Frequencies above 0.1 
Hz were reduced to 25 percent of the original amplitude. Frequencies of 0.1 Hz and lower were slightly 
increased in amplitude to keep the energy in the command signal (mean square) the same as that in the 
Task V command signal. 

Table 17. Reduced Banwidth Roll-Tracking 
Command Signal Amplitudes (Task VI0 

Number of Frequency Amplitude 
Cycle« in Run_ (Hz) (degrees) 

9 
13 
16 
20 
'25 
33 
4-. 
51 
o3 
81 

101 
127 
161 
203 
255 
3?.l 

0.018 
0.025 
0.031 
0.039 
0.049 
0.064 
0.080 
l 100 
0.123 
0.158 
0.197 
0.248 
0.314 
0.396 
0.498 
C.627 

29.45 
29.41 
16.58 
13.26 
10.59 
8.02 
6.46 
5.17 
1.05 
0.81 
0.66 
0.52 
0.41 
0.32 
0.26 
0.21 
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(5) Task VIU-Reduced Amplitude Roll Tracking 

This task is identical to Task V in performance and analysis. The command signal was the same as 
that given in Table 13 except that the amplitudes were reduced by one-third to make the task easier. 

(6) Task IX Ground Reference Turning Maneuver 

Task IX calls for the 5 to fly a circular path over the ground in full rough air while keeping his 
altitude constant at 1000 ft and his airspeed constant at 100 mph. The task was designed to be a half¬ 
standard turn (360 degrees rotation in four nvinutes) and S was so informed. S approaches from the west on 
the tangent line and performs one full turn. Because of the novelty of the task, .Vs were given one warm-up 
try before the monitored run. S called “Mark” when he met the circle, at which time £ started the 
performance monitor. S was monitored for the first three minutes of the turning task. Unique flight 
variables recorded in this task were: the heading deviations from the heading profile specified by the 
half-standard :urn (90° per minute) and the radius from the aircraft (bullseye) to center of the circle 
measured in feet. 

(7) Task X-Altitude and Position Trucking 

This task is similar to Task I in calling for the S to hold his altitude at 1000 ft and his airspeed at 100 
mph. Instead of holding a constant heading as in Task I, however, S is requested to hold his north-south 
position constant using the visual reference system. The sum-of-sine command signals given in Tables 18 
and 19 were added into position and altitude flight variables to make this a two-dimensional tracking task. 
The task corresponds to flying over a straight line on the ground at a constant altitude under severe side 
winds and up and down drafts. This task introduced two new compensatory tracking tasks: altitude and 
position tracking. Both of these tracking tasks require an addition J degree of integration onS’s part more 
than the axis (roll, pitch, or yaw) tracking paradigms previously used. The tasks are, therefore, harder in 
that they require more anticipation and planning than axis tracking Except for the new command signals, 
the analyses are the same as the two-dimensional analysis of Task I. 

Table 18. Amplitudes of the North-Soul h Position 
Command Frequencies (Task X ) 

Numbar of Fraquaney Amplituda 
Cydas In Run (Hz) (Faat) 

2 0.004 213 
5 0.010 203 
8 0.016 133 

12 0.023 79 
14 0.027 67 
19 0.037 51 
21 0.041 47 
25 0.049 43 

Table 19. Amplitudes of the Altitude 
Command Frequencies (Task X) 

Numbar of Fraquaney Amplituda 
Cyclas in Run (Hz) (Faat) 

1 
4 
7 

10 
15 
18 
23 
32 

0.004 
0.010 
0.016 
0.023 
0.027 
0.037 
0.041 
0.049 

27.7 
26.1 
14.6 
10.4 
6.9 
5.4 
3.8 
1.5 
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Results 

Each of the 2,436 test measurements was given a one-way analysis of variance to determine its relative 
importance in separating the three groups. The distribution of F values obtained from these analyses is 
shown in Table 20. The 420 variables that were statistically significant at the 5 percent level arc listed in 
Appendix D, along with significance level, group, means, grand means, and standard deviation within a 
group, in addition to this tabular listing, the 420 significant variables have been marked in the final analysis 
printout in Appendix C by arrows so that they may be cross-referenced by name and easily tabulated. 

Table 20. Distribution 
of F Values for 

Experiment 2 

F Limits Significant:« Variables 

0 
1.0 
1.5 
2.0 
2.5 
3.0 
3.35 
4.24 
5.49 
6.49 
7.81 
8.81 

0.50 

0.10 

0.05 
0.025 
0.01 
0.005 
0.002 
0.001 

1,024 
372 
219 
198 
137 
66 

142 
122 
61 
40 
24 
31 

' Total 2,436 

To determine which of the ten flight tasks contributed more statistically significant variables and to 
compare new tasks with the previous tasks, the breakdown by task of Table 21 was made. The most 
efficient tasks are Task I and Task V, both requiring roll tracking. The rest have lower, more or less equal 
percentages, except for Task X (altitude and position tracking with the visual ; eference system) which 
stands out with a lower percentage. Task IX, the other task using the visual reference system, has a payoff 
in significant variables similar to the coordinated turning portions of Task HI not using the reference 
system. In general, the new tasks of Experiment 2 identified significant variables similar to those identified 
in Experiment 1. 

Table 21. Breakdown of Important Variables 
of Experiment 2 by Task 

Source of 
Variable« 

Number of 
Available 
Variable« 

Number 
Significant 
(S% Tit) 

Parcssntaga 
Significant 
(S% Ta*t) 

Task I 
Task II 
Task III 
Task IV 
Task V 
Task VI 
Task VII 
Task VIII 
Task IX 
Task X 

Tota! 

240 
240 
424 
104 
173 
579 
173 
173 
90 

240 

2,436 

66 
40 
54 
12 
52 
89 
34 
38 
13 

22 

420 

28 
17 
13 
12 
30 
15 
20 
22 
14 
9 

30 



lhe Tour generic lypes of measurements made in Experiment 2 are each broken down into two 

portions in Table 22 to assess the importance of the additional test variables introduced in Experiment 2. 
The upper number in Columns 2 and 3 is the number of Experiment 1 variables that were duplicated in 
Experiment 2. The second number is the number of additional test variables measi red in Experiment 2. 
The third number is the total of the first and second numbers. 

Table 22. Breakdown of Important Variables of 
Experiment 2 by Generic Type 

Numbtr of Numbor Percentage 
Source of Available Significant Significant 
Variables Variables (S% Test) (5% Test) 

Means 
Dupliations 

Additional 

Total 

Deviations 
Duplications 
Additional 

Total 

Correlations 
Duplications 
Additional 
Total 

Tracking 

Duplications 
Additional 
Total 

Variable totals 

44 8 18 

123 22 18 
167 30 18 

44 21 47 
123 33 27 
167 54 32 

102 8 8 
812 91 11 
914 99 11 

128 43 34 
1,060 194 18 
1,188 237 20 

2,436 420 

The number of statistically significant new means did not change proportionally, since 18 percent 
were significant in each case. The proportion of standard deviations and tracking measurements, however, 
decreased, and proportion of correlations increased. Overall, the proportion of statistically significant 
Experiment 1 variables was higher (25 percer t) than the proportion of additional variables of Experiment 2 
(16 percent). 

Because of the large number of flight variables (16), an important question to ask is: Which direct 
measurements are essential? To answer this qu 'stion :.s well as to compare new direct measurements of the 
flight variables (means and standard deviatiors) .:.th the previous set, the data of Table 23 were obtained 
from Appendix C. The results in Table 23 are clear-cut because proportions and numbers of important 
direct measurements are generally either large or small. 

This data suggests that the following flight variables be deleted from the experiment: 

• Power 
• Rudder 
• Aileron 
• Northing ‘ 
• Radius 
• Glide Slope 

• Left/Right turns 
• Heading deviation 

On the whole, the added flight variables were not so important as the ones previously used. Only two, turn 
rate and elevator, are regular contributors of significant variables. Of these, turn rate provides the highest 
number of significant variables. 
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Table 23. Breakdown of Important Means and Standard 
Deviations of Experiment 2 

Flight Variable 

Number of 
Teat 

Measurement! 
Available 

Turn rate 28 
Power 28 
Rudder 28 
Elevator 28 
Aileron 28 
Northing 20 
Radius 2 
Airspeed 28 
Altitude 28 

Fixed reference 20 
Changing reference 3 

Climb rate 28 
Roll 28 
Pitch 28 
Yaw (heading) 28 

Fixed reference 22 
Changing reference* 6 

Glide slope 2 
Left/right turns 2 

Total measurements 334 

Numb*. 
Significant 
(S% Test) 

13 
3 
1 

10 
1 
0 
1 
9 
9 
7 
2 
6 

10 
9 

11 
8 
3 
0 
0 

83 

a 
Referred to as heading deviations in the computer analysis of Appendix C. 

Percentage 
Significant 
¡5% Test) 

46 
11 
4 

36 
4 
0 

50 
32 
32 

21 
36 
32 
39 
36 
50 
0 
0 

With the added ability to monitor a changing reference, as in the changing altitude and changing yaw 
(or head mg) tasks, 14 new measurements were made in the flight profile. Five of these (35 percent) were 
statistically significant compared with 36 percent of the fixed reference altitude and yaw measurements. 
This is judged insufficient evidence to show that the changing reference monitoring capability contributed 
to pilot performance measurement. 

The results of the roll, pitch, and yaw cross-frequency analyses are tabulated in Table 24. The 
denominators of each fraction-like entry represent the number of test variables available from the particular 
analysis [Fourier, mean square error (MSE), or derived] in combination with the particular flight variable - 
command frequency combination. The numerator of each fraction is the number of available test variables 
that are statistically significant (5 percent test). 

There was little evidence from Table 24 suggesting that the remnant analyses were important. The 
proportion of variables accounting for mean square remnant error, the variables judged most important in 
this case, did not exceed 8 percent. 

Considering the cross-frequency analyses of Table 24 (one flight variable analyzed at command 
frequencies of another axis), there was little to suggest that this cross-analysis is important. One possibly 
important combination was the pitch-at-roll combination with 6 of 18 variables statistically significant. In 
the three pitch-at-roll analyses carried out in Experiment 2 however, none of the six significant MSE 
variables were significant more than once each, suggesting that the pitch-at-roU differences among groups 
are not repeatable. ^ 

The roU ptich, and yaw describing function analyses (roll-at-roll, pitch-at-pitch, and yaw-at-yaw 
reference in Table 24) were the most important tracking analyses, and the roll describing function was the 
most important of these. A survey of the seven variables derived from (or fitted to) each describing 
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Table 24. Numbers of Significant/Available 
Test Variables Pooled for All Roll, Pitch, 

or Yaw Tracking Tasks 

Flight Variabl e 
at Fourier MSE Derived 

Given Frequencies Analysis Analysis Variables 

Roll at roll 
Roll at pitch 
Roll at yaw 
Roll at remnant 
Pitch at roll 
Pitch at pitch 
Pitch at yaw 
Pitch at remnant 
Yaw at roll 
Yaw at pitch 
Yaw at yaw 
Yaw at remnant 

90/240 15/36 
8/64 3/18 
8/32 0/6 

10/80 3/36 
10/64 6/18 
15/96 4/18 

1/32 0/6 
3/32 0/18 
4/32 2/6 
4/32 0/6 
7/48 3/6 
0/10 0/6 

21/42 
1/8 
0/2 

1/8 
6/21 
0/2 

1/2 
0/2 
2/7 

Table 25. Frequently Significant Tracking Measures 

Number of 
Test Number 

Derived Tracking Measures Significant 
Measurements Available (5% Test) 

High frequency roll gain 6 6 
High frequency roll crossover 6 5 
Low frequency roll gain 16 4 
Low frequency roll crossover 16 4 
High frequency pitch gain 13 2 
High frequency pitch crossover 13 2 

function showed that the most reliable significant variable was high frequency roll gain. In the six roll¬ 
tracking tasks, the high frequency roll gain measurement was statistically significant in separating the pilot 
groups in all six tasks. This and other frequently repeated significant measures are shown in Table 25. 

These results suggest that the roll describing function is a very reliable measurement for measuring 
pilot performance. In six different tracking tasks of varying difficulty and dimensionality, the high 
frequency portion of the roll describing function was always statistically significant. 

Table 26 breaks down the results of the altitude and position tracking tasks into three measurement 
families and six different cross-analyses. There was no evidence to suggest that any one of the 18 families of 
test measurements is useful in differentiating the groups of pilots. A probable explanation for this is that 
the difficulty of the task and the low tracking gains resulted in highly variable performances. 

Table 27 shows a tabulation of the number of significant tracking variables in the single-axis analyses 
(roll and roll frequencies, pitch at pitch, and so on). The number of available variables included those of the 
frequency analysis, mean square error analysis, and derived variables (those fitted to the describing 
function). In comparing Tasks V, I, and VI, which are 1-, 2-, and 3-dimensional tracking, respectively, it was 
observed that Task V, 1-dimensional roll tracking, has the highest proportion of its variables statistically 
significant. 
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Table 26. Numbers of Significant/Available 
Test Variables for Position and Altitude 

Tracking (Task X) 

Flight Variables 
at Fourier MSE Derived 

Given Frequencies Analysis Analysis Variables 

Positio'i at position 
Position at altitude 
Position at remnant 
Altitude at position 
Altitude at altitude 
Altitude at remnant 

Totals 

1/24 0/6 
0/16 0/6 
0/8 0/6 
3/16 0/6 
1/24 0/6 
1/8 0/6 

6/96 0/36 

0/7. 
0/2 

0/2 
0/7 

0/18 

Table 27. Comparison of Dimensionality 
and Command Spectrum Based on All 

Single-Axis Tracking Analyses 

Number of Number Percent 
Tracking Available Significant Significant 

Task Axis Variables (5% Test) (S% Test) 

I Roll 
Pitch 

II Roll 
Pitch 

V RoU 

VI RoU 
Pitch 
Yaw 

VII Roll 

VIII RoU 

37 
37 

37 
37 

59 

59 
59 
59 

59 

j9 

18 
14 

15 
2 

31 

22 
9 

12 

18 

22 

49 
38 

41 
5 

53 

37 
15 
20 

31 

37 

The results suggested that single coordinate roll tracking was best for separating the groups of pilots. 
The fact that single-axis roll tracking discriminated among groups contradicted the results of Krendcl and 
McRuer (1960) who found that single-axis tracking did not discriminate among pilot skills. The explanation 
for this discrepancy probably lies in the different test environments. The “job sample” approach using the 
GAT-1 may have measured differences in skill levels, whereas the “bench-top” tests using joystick and 
display may not have provided a suitable test environment. 

Using Table 27 to compare the three types of command signals used in the single-coordinate, roll¬ 
tracking tusks (Tasks V, VII, and VIII), it can be seen that the normal roll-tracking command signal (Task 
V) had the highest proportion of statistically significant test variables. The lower proportion (31 percent) of 
significant variables with reduced bandwidth roll tracking than with standard roll tracking (53 percent) 
suggested greater higher frequency amplitudes would be better in differentiating the three groups. The 
lower proportion of significant variables (37 percent) in reduced amplitude roU tracking than in standard 
roll tracking (53 percent) furnished further evidence in favor of this nterpretation. 



V. APPLICATION OF DISCRIMINANTS TO EXPERIMENT 2 DATA 

Results 

To determine how well the three discriminants obtained from the data of Experiment 1 separated the 
three groups of 5s in Experiment 2, the three discriminants (AM, MM, and RAM) were applied to 
Experiment 2 data. Measurements of the first and second canonical variables were obtained for each 5 using 
Eqs. (1) and (2) with the weights given in Tables 8, 10, and 12, and the measurements of test variables 
obtained from 30 new 5s for the three discriminants are shown in Figures 9,10, and 11. The decision lines5 
for separating the three groups are the same as sown earlier in the corresponding plots from Experiment 1. 

(Figures 3,4, and 6.). 

FIGURE 9 CLUSTER PLOT OF THE AM DISCRIMINANT APPLIED 
TO THE 30 SUBJECTS OF EXPERIMENT 2 

5 Sometimes called decision planes, a y-shaped group of three radia1 lines in this case. 
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FIGURE 10 CLUSTER PLOT OF THE MM DISCRIMINANT APPLIED 

TO THE 30 SUBJECTS OF EXPERIMENT 2 
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FIRST CANONICAL VARIABLE — linear trend 

SA-1676-10 

FIGURE It CLUSTER PLOT OF THE RAM DISCRIMINANT APPLIED 

TO THE 30 SUBJECTS OF EXPERIMENT 2 
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It is obvious from these plots that the three groups are more dispersed and overlap considerably more 
than when the discriminants were applied to the data from which they were derived (Figures 3,4, and 6). 
The three new cluster plots suggest that the second canonical variable, accounting for the quadratic 
separation between the three groups, did mt appear to influence the separation of the new pOots. The plots 
suggested that only the first canonical variable, accounting for the linear separation of the three groups, was 
meaningful. Such a linear separation could be made by constructing vertical decision lines for separating the 
three groups on Figures 9, 10, and 11 

To determine how well the three discriminants separate the 5s of Experiment 2, the classification 
matrices for each discriminant were obtained and are shown in Table 28. The number of 5s from 
Experiment 2 (B, I, and A identified on left of the matrices) that fell into each classification determined by 
the 5s from Experiment 1 (B, I, and A identified on top of the matrices) are shown. 

Table 28. Classifications of Experiment 2 Subjects Using Discriminants 
Generated Using Experiment 1 Data 

AM Clasiification 
Experiment 1 

B I A 

B 

Experiment 2 ^ 

A 

8 1 1 

9 0 1 

1 2 7 

MM Classification 

Experiment 1 

B 

Experimente 1 

A 

B I A 

2 6 2 

0 7 3 

0 3 7 

RAM Classification 

Experiment 1 

B I A 

B 

Experiment 2 I 

6 1 3 

4 6 0 

1 1 8 A 



The AM classification [chi-square (6) = 30.60, p < .001], the MM classification [chi-square (6) = 
18.00, p < .01 ], and the RAM classification [chi-square (6) = 19.2, p < .005] are all significantly different 
from a random classification. Since all three are significantly different from a random classification, how 
well each discriminant identified the new Ss may be determined by inspecting the numbers of 5s identified 
correctly to group by the three disciiminants as follows: 

• AM classification - 15 (50%) 
• MM classification - 16 (53%) 
• RAM classification - 20 (67%) 

which suggests that the RAM discriminant did the better job. Statistically, however, there is insufficient 
evidence [chi-square (2) = 1.90, p < .05] to show that the three discriminants were significantly different 
in their ability to classify 5s correctly. 

Discussion 

Although there is insufficient evidence to show statistically significant differences in the 
classifications of the AM, MM, and RAM discriminants, other evidence suggests that the AM and MM 
discriminants are equally poor in discriminating 5s’ abilities and that the RAM discriminant is considerably 
better and typifies the best tha* can be done. 

The evidence is based on the perfect discrimination of AM and MM on Experiment 1 data and the 
poor discrimination on Experiment 2 data, compared with the nearly identical RAM discrimination in both 
experiments. It is also based on the E”s subjective observations of the 5s’ abilities and rank orderings of 5s’ 
scores in several test variables. 

An interesting result of the multivariate analyses was that the AM and MM discriminants based on 8 
and 15 variables actually classified fewer pilots correctly than the RAM discriminant, which is based on 
only 2 variables. This finding emphasizes the concern expressed previously that the stepwise multivariate 
discriminant analysis, when used as a tool to select ".mong a large number of variables, will construct a 
discriminant from variables that optimize the separation of the three groups using unreproducible 
peculiarities of the test variables in the same way random variables are used. 

Although the multivariate analysis procedure is set up to select variables and adjust their weights to 
separate the pilots into three groups, there is evidence that this is not possible nor desirable. In several 
instances, the experimenter observed that a pilot qualifying for the I group performed either like a B or an 
A group candidate. Some of the A group were subjectively judged to be performing as I group members. 
Consequently, the records of an I group subject who performed like a B group subject was examined more 
closely. His test score on one significant variable after another was compared to the three group means. It 
was found that his scores were typical of the average B candidate. Forcing the multivariate analysis to 
classify such an 5 into his proper experience group by selective westing of the performance measures 
would result in a useless discriminant. Such a discriminant would force a 5 into an experience group in 
which he did not belong, and therefore would be based on somet ring other than his skill, as indicated by 
flight hours. 

Another indication of high degree of rank ordering in the data comes from the multivariate 
discriminant analysis of the RAM variables. After two of the set 14 variables entered into the analysis were 
selected, the F-to-entcr for the remaining 12 dropped to low levels. Thus, all the remaining variables were 
highly correlated with the first two and did not improve the separation into groups. When the analysis 
program was forced to build a discriminanat from all the variables by making the F-to-enter equal to zero, 
the program balked, dropped variables one after the other because they failed the tolerance test. The data, 
essentially a set of 14 equations in 30 unknowns, produced a singular solution because each of the 14 
equations was nearly the same. A linear combination of these 14 most significant and highly correlated 
variables would be an excellent and stable measure of performance, but the multivariate analysis cannot 
construct such a combination. 

This is probably the reason the RAM discriminant, composed on only two test variables, was the most 
successful. The ordering of the 30 5s of Experiment 1 (shown previously in Figure 6) along the axis of the 
linear canonical variable is probably the correct ranking of the 5s’ skill levels. This may be the best 
categorization that can be made. Whereas the other discriminants, including the discriminant based on 
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random numbers, classified all 30 of the 5s correctly, the RAM discriminant classified only 19 of them 
correcUy The similar abUity of the RAM discriminant to classify 5s from Experiment 2 (20 correctly 
classified) further suggests that this is the best that can be done: the variable skill levels of5s in each group 
limit the ability of performance measures to distinguish among groups. 

Conclusions 
• 

This research effort assumed that the number of hours of flying experience a pilot has logged 
represents a defensible measure of his (lying skill. The Federal Aviation Administration’s qualificafion 
entena for certification eligibility supports this assumption in its requirement for increased numbers of 

rh° "yinrg Tnenre r -he higher leveis 0f piJot ratinßS- Furthermore> the common notion of skill 
growth as a function of expenence suggests that the assumption that pilot skill may be represented by 
hours of flying time is reasonable. K y 

ti,«- n°rmin8 8rouPs of subjects based on different levels of flying experience in order tc determine if 

°rrnce measuremen,ts cou,d be used to categorize the subjects into their appropriate 
E skUl With ttn r Wa,rranted rased the assumption of the relation of flying experience to 
tlymg skill. With this in mind, a flying performance measurement system was conceived in which 
combmations ot aircraft parameters and derived variables based on them would indicate the skill level of 

/T T3"'"160 Performance- Presumably, the measured performance characteristics 
would permit designation of the hours of flying experience, that is, flying skill the performance 

sküîand vfee h0UrS Wh0 flyS 1Íke thC aVerage 150'hour pilot ¿ou,d be abo« average in 

This study sought to evaluate by means of a cross validation test the results of earlier research which 
demonstrated that measurea aircraft parameters could be combined to classify accurately the’ flying 
performances of the pilots who produced them. The classification equations were generated by a multiple 

Ex™1/ nr in co"lbinat,on Wlth other statistical and procedural techniques applied to the data^f 

dSm subjects Penme Pr0V a" additional 861 of nearly identical Performance measures of 

have hIÍetnh!,cÍHCrtnmantSnd3rÍiVed ffr0"í ^ subject’s Performance measurements of Experiment 1 could 
ioncent anri fh C°rreft,y c,assi,y thj subject’s Performance measurements of Experiment 2, then the 
tZZf i f f,T1Ployed would have been confirmed and further development of the 
fnd nmreHPPr0aCh M ^ d®veloPment of a Paot performance measurement system applying the concept 
2 howeveîXônt ^ results ofthc cross validation accomplished iS Experiment 
warranted d COnfirmed the conceP* and Procedures tested and suggested that further refinement was not 

The most important outcome of this research was not that discriminants derived from one set of 

fhar 0rnnCren.mfeaSiUreS T r perfect,y accurate When used t0 classify new performance measures but 
that the proliferation of performance measures decreased rather than increased the efficiency of the 
technique and that the variable skill levels of subjects in each group limited the ability of performance 
measures to distinguish among groups. This finding is interpreted as indicating that The idea of using 
combinations of measures selected (rom among a large number of aircraft attitude, or state variables t? 
d® ®¡°P 3 meas“re of the skil| °f (be pilot who controls the aircraft using the procedures employed in the 
pre^nt research, and the idea of relating pilot skiU to hours of flying experience fi/pumoses re¬ 
establishing face validity of a measurement system are not viable and should not be pursued further 

Considering only these essentially negative conclusions based on the data, it would be easv to 

indicate^thaftheTtatkt^ °t! outcome of this study has been interpreted to 
mdicute that the statis .cal approach cannot be applied in the development of a practical pilot performance 
measurement system. It is rarely the case where research results serve to demonstrateTorndncinglv the 

bvIhTS0 I® COnC!Pî under,yin8 the procedures, apparatus and materials used. The answer provided 
by this study is clear and the virtue of the work is defined by the clarity of the negative conclusion 

would beTniÄ exprimí 2°n ^ ^ WOUld hiVC riÍScd to 20 ^P-n.cnt 1 and 
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APPENDIX A. COMPUTER PROCESSING OF THE GAT-1 DATA 

Computation of Test Variab'es for Experiment 1 

The LINC-8 computer accumulated 36-bit (triple-precision) sums of the input numbers 

64RTIM 
Sk = S INPUT k(i) 

i= 1 

and 36-bit sums of the input cross-products 

64 RTIM 

Pjk= 2 INPUT jO) INPUT k(i), 
i = 1 

where k(l <k <8)andj(l<j < k) were channel numbers, and 64 RTIM was the total number of 1/15-s 
steps taken in a given test run. The computer generated up to eight sums-of-sines command signals of the 
form 

8 / 2?r FU 
Ck(i)= 2 Ak, sin I- 

/=1 V 64 RTIM 

where Akj was the amplitude coefficient for the k^ command signal (all equal in this case), Fkj was the 
frequency for the kth command signal, and the sine function was approximated by a function table having 
64 entries. 

While a monitoring run was in progress, the computer saved all the input numbers, INPUTk(i), on a 
disk scratch file to obtain Fourier sums at the command signal frequencies after the test run had been 
completed. The Fourier sums for each channel, k, and at each command frequency, FkJ were: 

64 RTIM / 2rr Fk| \ 

Ak;= 2 sinf-i] INPUTk(i) 
i=l y 64 RTIM f 

64 RTIM / 2rr FkJ \ 
Bk(= 2 [—-i] INPUTk(i) 

i = 1 \64 RTIM / 

These data on punched tape served as the input for a second computer program that provided the 
usable output. This FORTRAN program first converted the numbers into the correct units by multiplying 
by the correct scale factor. The means and standard deviations were computed from the scaled sums, 
products, and Fourier coefficients as follows: 

MEANk = Sk 

sl)t -/'» - V 
The between-signal correlation •••fficients, ijk, were 

Preceding page blank 
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To calculate an S gain and phase shift at each of the command signal frequencies, both the error signal and 
the response signal amplitude phase must be known. The error components, Ek( are 

M=/4+ bu 

To obtain these compoenents for the S’s response, Rk(, the command signal, must be known. The 
command amplitudes were measured and built into the FORTRAN analysis program. By using the 
command amplitude, Cki, the response was calculated by the complex number subtraction 

Rk/ = Cki Ekt> 

and the magnitude and phase of RkJ were computed in the same way that they were computed for Eki 
Finally, the gain and phase shift of the S at each command frequency were calculated and printed out: 

■A.-/¾ pH ASE, 

The gain in decibels was determined by the formula 

GAIN(dB)kf = 201og10GAINkJ 

The gain and phase shift plotted as a function of frequency became the “Pilot-Vehicle Describing 
Function” of McRuer et al., (1965). From this describing function, several derived measurements were 
obtained. The gains and phafes from the higher and lower half of the frequencies7 were averaged together 
to produce the “Hi” and “Fx>w” frequency gain and “Hi” and “Low” frequency phase listed in Appendix 
B. Figure A-l illustrates how the other three derived parameters were obtained by least-mean-square fitting 
straight lines to the four higher and lower frequency gains and determining the intercept frequency at zero 
Hz. The equivalent time delay was obtained by a least-mean-square fit of the model, e st, to the higher 
frequency phase shifts to estimating the operator time delay parameter, t, of the McRuer et al., (1965) 
Simple Crossover Model. 

Additional Test Variables for Experiment 2 

The variables based on means, standard deviations, correlation coefficents, and the describing 
function of Experiment 2 were computed as described for Experiment 1. Additional analyses added in 
Experiment 2 were the cross-frequency and lemnant analyses. Both of these required the Fourier analysis 
of a flight variable at different sets of frequencies instead of just one set. The procedure and formulation 
used have already been described in the first part of this appendix. 

‘The 4 highest and lowest frequencies when 8 are used, and the 8 highest and 8 lowest frequencies when 16 are used. 
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FREQUENCY — cps 

SOURCE: Graphs «rom F. O. Nawall, Human Trantfer Charactarittici in Flight and Ground Simulation for 

tha Roll-Tracking Tatk, AFFDL-TR-67-30. April 1968. 
SA-1b76-1 

FIGURE A-1 Y Y WITH CONTROLLED ELEMENT K/s 
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In the cross-frequency analysis, the Fourier sine and cosine coefficients, Ake and Bke for the kth 
flight variable were obtained and analyzed at the command frequencies of some other flight variable (the 
mth). The isolation in decibels and the phase shift in degrees were calculated as follows: 

ISOLATION^ 10 login 

PHASE*, - »n 1 (At,/B*,) 

In the remnant analysis, the Fourier sine and cosine coefficiei ts A^,. and for the kth flight 
variable were analyzed at the remnant frequencies. These are a set of fre quencies different from those of any 
other command signal. The amplitude of the remnant, relative to the total power in the kth variable, was 

Amplitudekc = 101og10 

In addition, the mean square error accountered for 
variable was computed by summing 16 terms: 

(V + bJ) 
SD¡ 

the k**1 variable by the frequencies of the mt*’ 

16 
MSE accounted for = 2 Akc2 + Bke2 

e = 1 

The high and low frequency portions 'vere computed from the first 8 and second 8 of this sum. 

Taken together, the MSE accounted for by the command signal input to the flight variable itself and 
the command signals input to other flight variables can be put in the form8 shown as follows: 

Roll Axis 

Pitch Axis 

Yaw Axis 

MSE ACCOUNTED FOR BY 

TOUI 
MSE 

Roll 
Fraquancy 

Pitch 
Fraquancy 

Yaw 
Frequency 

Remnant 
Fraquancy 

164.82 18.19 9.99 80.70 8.02 

7.67 .79 2.78 .46 .44 

14.08 1.47 1.45 5.57 1.07 

These data are the cross-coupling of the command inputs from one flight variable to another caused 
by the S. When cross-coupling MSE is substantially grater than the remnant MSE (a random set of 
frequencies), the excess can be attributed to 5. 

In addition to this basic cross-coupling matrix, the coefficients of a high frequency and low frequency 
cross-coupling matrices (based only on the upper and lower eight frequencies) were computed. Also, data 
for three normalized cross-coupling matrices (total, high frequency, and low frequency) were obtained from 
these three matrices by dividing each entry by the total MSE for its axis. In total, data for six different 
cross-coupling matrices were computed and printed for the two and three-dimensional tracking analyses. 

7The 4 highest and 4 lowest frequencies when 8 are used, and the 8 highest and 8 lowest frequencies when 16 are 
used. 

"Numbers are taken from the roll, pitch, and yaw data of Appendix C. Units are degrees squared. The three by-three 
array in the center is defined as the cross-coupling matrix. 
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APPENDIX B, FINAL PRINTOUT OF 326 PARAMETERS 
MEASURED ON ONE SUBJECT IN EXPERIMENT 1 

Variables significant at the 5-percent level are marked by arrows, on the printo'sts that follow. 

47 



ZtlOLER' ADVANCED 

«OLL AND PITCH TRACKINO 

VARIAfltE NUMBERS 

AIRSPEED 
ALTITUDE 
CLIMB RATE 
rull 
PITCH 
YA* 

MEAN.SD....UNITS 
105.76 2,89 MPH 
978.53 25.31 FEET 
20.25 108.76 FT/MIn 
••22 1.85 DEGREES 
3.60 2.03 DEGREES 
•02 1.86 DEGREES 

1 7 
2 8 
3 9 
* 10 
5 11 
6 12 

CORRELATION COEFFICIENTS, R(I,J> 

-.398 
-.591 .232 
.262 -.085 -.140 

-.212 -.153 .2*9 .062« 
.252 -.077 -.133 .995 .06*« 

13 
14 15 
16 17 18 
19 20 21 22 
23 2* 25 26 

RULL analyzed at the roll FREQUENCIES 

EREQ 
<MZ> 
• 002 
• 010 
•029 
.037 
• 125 
• 191 
.307 
• 467 

GAIN GAIN 
(08) 
♦ 1.9* 
33.02« 
22.43 
13.87v 
4.11« 

.53« 
•3.97« 
-7.35« 

phase 
(DEG) 

-275.34 
«183.66 
•154.67 
-139.44 
-129.29 
-134.02 
-161.26 
197.61 

125.032 
44.767« 
13.233 
4.935 
1.606« 
1.063« 
.633« 

- .429« 
MEAN SQUARE FORCING FUNCTION 
MEAN SQUARE ERROR ACCOUNTED FOR 
MEAN SQUARE RESPONSE ACCOUNTED FOR 
LOP FREQUENCY GAIN 27.81 OB 
LOP FREQUENCY CROSSOVER ."9 HZ 
LOP FREQUENCY PHASE -188,28 DEGREES 
HI FREQUENCY GAIN -1!a7«DB 
HI FREQUENCY CROSSOVER .20 H2 
Hi FREQUENCY PHASE -155.5* DEGREES 
EQUIVALENT TIME DELAY ,65 SECONDS 

7291.19 0EG*DtG 
.41 DEG*D6G 

7258.42 0EG*uE 

31 267 
32 268 
33 269 
3* 270 
35 271 
36 272 
37 273 
38 27* 
30 
28 
29 

275 
276 
277 
278 
279 
280 
281 

39 
*0 
4) 
42 .3 
44 
45 
46 

PITCH ANALYZED AT THE PITCH FREQUENCIES 

7REQ GAIN GAIN 
<MZ> (08) 
• 004 59.169 35.44 
.014 22,083 26.88 
•027 16.120 24.15 
•053 3.290 10.34 
•115 1,663 4,42 
•158 .996 .,04 
•283 .517 -5.73 
•535 .363 -8.79 

MEAN SQUARE FORCING FUNCTION 

LDP FREQUENCY CROSSOVER 
LOP frequency phase 
HI FREQUENCY gain 
HI FREQUENCY CROSSOVER 
HI FREQUENCY PHASE 
EQUIVALENT TIME delay 

phase 
(DEG) 
268.45 
240.83 
202.28 
160.50 
150.45 
150.21 
145.85 
177.52 

468.99 OEG-OtG 
.9? 0EG«ütö 

*80.05 0EG»OtO 
D8 

.25 HZ 
218,01 DEGREES 
-2,5* 08 

.17 HZ 
156.01 DEGREES 

.5* SECONDS 

MEAN SQUARE ERROR ACCOUNTED FOR 
MEAN SQUARE RESPONSE ACCOUNTED FOR 
LOP FREQUENCY GAIN 2 

50 297 58 
51 298 59 
52 299 60 
53 300 61 
54 301 62 
55 302 63 
56 303 64 
57 104 65 
49 
*7 

306 
307 
308 
309 
310 
311 

27 
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ZtlDLERi ADVANCED 

HOtL AND PITCH TRACKINQ VITh PO«E« CHANßES 

VARIARLE NUMBERS 

AIRSPEED 
ALTITUDE 
CLIMB RATE 
ROLL 
PITCH 
YAtf 

.MEAN...,.SD....UNITS 
101.3* 9.79 MPH 
967.73 25.05 FEET 
16.50 118.*5 FT/MIn 
-1.82 2.174 DEGREES 
A.18 2.19 DEGREES 

-1,57 2.174 DEGREES 

66 
67 
68 
69 
70 
71 

72 
73 
7* 
75 
76 
77 

CORRELATION COEFFICIENTS. R(I.J> 

-.131 
-.130 ,248 
.100 -.218 -.172 

-.562 -.113 .300 
.099 -.216 -.169 

.080 

.997 .084 

78 
79 
81 
8* 
88 

80 
82 
85 
89 

83 
86 
90 

87 
91 

ROLL ANALYZED AT THE ROLL FREQUENCIES 

FRED 
(HZ) 
• 002 
• 010 
• 029 
• 057 
• 125 
• 191 
• 307 
>467 

GAIN GAIN 
(08) 
49.32 
21.93 
20.034 
18.04 
3.594 
-.764 
•3.904 
-6.54 

PHASE 
(DEG) 

-276.91 
-67.23 
-141.19 
-144.17 
-141.91 
•144.19 
-156.56 
-185.28 

292.448 
12.490 
10.0354 
7.984 
1.5114 
.9164 
.639 4 
.471 

MILAN SQUARE FORCING FUNCTION 
MEAN SQUARE ERROR ACCOUNTED FOR 
MEAN SQUARE RESPONSE ACCOUNTED FOR 
L02 FREQUENCY GAIN 27.334)8 
LOR FREQUENCY CROSSOVER .26 HZ 
LOR FREQUENCY PHASE -157.30 DEGREES 
Hi FREQUENCY GAIN -1.90408 
Hi FREQUENCY CROSSOVER .194HZ 
Hi FREQUENCY PHASE -156.98 DEGREES 
EQUIVALENT TIME DELAY .62 SECONDS 

7291.19 
.61 

7290.98 

OEG*OtG 
0EG*Dtö 
OEGoOtG 

96 282 
97 283 
98 284 
99 285 

104 
105 
106 
107 

100 286 108 
101 287 109 
102 288 110 
103 289 111 
95 
93 
94 

290 
291 
292 
293 
294 
295 
296 

PITCH ANALYZED AT THE PITCH FREQUENCIES 

FREQ 
(HZ) 
• 004 
.014 
• 027 
• 053 
• 115 
• 158 
• 283 
.535 

gain 

15.695 
12.531 
9.265 
2.475 
1.712 
1.114 
.436 
.320 

GAIN 
IDB) 
23.92 
21.96 
19.34 
7.87 
4.67 
.94 

-7.21 
-9.90 

PHASE 
(DEG) 
•22.28 

.178.85 
•110.60 
-125.06 
-124.82 
-132.65 
-153.33 
191,34 

MEAN SQUARE FC ICING FUNCTION 
MEAN SQUARE ERROR ACCOUNTED FOR 
MEAN SQUARE RESPONSE ACCOUNTED FOR 
LOR FREQUENCY GAIN 
LOR FREQUENCY CROSSOVER 
lur frequency phase 
Hi frequency gain 
Hi FREQUENCY CROSSOVER 
Hi FREQUENCY PHASE 
equivalent time delay 

18.27 OR 
.45 HZ 

109.204nEGREES 
-2,87 08 

.17 HZ 
150.54 DEGREES 

.57 SECONDS 

468.99 DEG«0tG 
1.54 QEG*0tG 

453.94 UEG«0£a 

126 
127 
128 

115 312 123 
116 313 124 
117 314 125 
118 315 
119 316 
120 311 
121 318 129 
122 319 130 
114 
112 
113 
320 
321 
322 
323 
324 
325 
326 

49 
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ZtlDLER« ADVANCED VARIARLE NUMBERS 

lOOO-FOOT CLIMB 

AIRSPEED 
CLIMB RATE 
rull 
PITCH 
VAN 

MEAN.SD....UNITS 
95.0V 6.11 MPH 
*02.254 105.95 FT/MIn 
-1.35 2.124 DEGREES 
8.20 1.86 DEGREES 

-1.08 2.U4 DEGREES 

131 136 
132 137 
133 138 
13* 139 
135 1*0 

CORRELATION COEFFICIENTS. R(I.J) 

-.555 
-.707 .227 
-.*83 .515 .*59 
-.703 .226 1.001 .**7 

1*1 
1*2 1*3 
1** 1*5 1*6 
1*7 1*8 1*9 150 

ItlOLER. ADVANCED VARIARLE NUMBERS 

LEVEL 360 TURN 

AIRSPEED 
ALTITUDE 
CLIMB RATE 
ROLL 
PITCH 

.MEAN.... 
109.86 

1***.T9 
-15.00 

6.93 
2.85 

.SO....UNITS 
*.684 MPH 

*1.37 FEET 
160.024 FT/MIn 
26.73 DEGREES 
2.064 DEGREES 

151 
152 
153 
15* 
155 

156 
157 
158 
159 
160 

CORRELATION COEFFICIENTS. R(I.J) 

-.61* 
-.571 .17* 
.*56 -.039 -.337 

-.239 -.253 .639 -.280 

161 
162 163 
16* 165 166 
167 168 169 170 

ZEIDLER. ADVANCED VARIARLE NUMBERS 

SLOW FLIGHT 

AIRSPEED 
ALTITUDE 
CLIMB RATE 
roll 
PITCH 
VAN 

MEAN.SO....UNITS 
79.5* 5.*o4MPH 

1*33.594 38.*3 FEET 
8.7541)8.97 FT/MIN 
3.11 1.70 DEGREES 
7.33 1,5*4 DEGREES 
3.*0 1.73 DEGREES 

171 177 
172 17B 
173 179 
17* 180 
175 181 
176 182 

CORRELATION COEFFICIENTS. R(I.U) 

.185 
-.0124 .17* 
.386 -.0*1 

-.2*84-,117 
.3T5 -.0*3 

.*5* 

.750 .258 

.*50 .995 .262 

IBS 
18* 185 
1B6 187 188 
189 190 191 192 
193 19* 195 196 

fKWiVPWIPIIIlJIUMIiil 

197 

50 



ZEIDlEBt ADVANCED 

DESCENDING 360 TURN 

variarle numbers 

AIRSPEED 
CLIMB RATE 
HULL 
PITCH 

MEAN*•,•*SD*•,.UNITS 
B0.9A 4.63 MPH 

405.004 96.534 FT/MIn 
-16.3j 20.0? DEGREES 

2.41 I.BS4DEGREES 

198 202 
199 203 
200 204 
201 205 

CORRELATION COEFFICIENTS. R(I.J) 

-.3414 
-.2TB ,14T 
-.0454 .5804-.333 

206 
207 208 
209 210 211 

ZEIDLER. ADVANCED VARIABLE NUMBERS 

500-FOOT DESCENT 

AIRSPEED 
CLIMB RAT? 
ROLL 
PITCH 
VAN 

mean.SD....UNITS 
74.79 3.88 MPH 

195.504 66.2« FT/MIn 
-3.67 4,53 DEGREES 

.17 2.40 DEGREES 
-3.48 4.55 DEGREES 

212 217 
213 218 
214 219 
215 220 
216 221 

CORRELATION COEFFICIENTS, R(I.J) 

-.681 
.611 -.435 

-.773 .620 -.486 
.610 -.440 ,998 ..486 

222 
223 224 
225 226 227 
228 229 230 23l 

ZEIDLER. ADVANCED 

ILS LANDING APPROACH 

VARIABLE NUMBERS 

AIRSPEED 
CLIMB RATE 
roll 
PITCH 
TAR 

GLIOESLOPE 
L/R 

MEAN.SD....UNITS 
98.00 7.28 MPH 

268.75 147.87 FT/MIn 
-11.02 3¿744 DEGREES 

2.85 2,25 DEGREES 
•10.88 3.764 DEGREES 
-1.09 1.98 DEGREES 
-.02 .474 DEGREES 

232 239 
833 240 
234 ?41 
235 242 
236 ?43 
237 ?44 
238 245 

CORRELATION COEFFICIENTS. R(I.J) 

-.707 
.192 -.133 

-.656 ,670 
.190 -.130 
.063 .282 
.258 .111 

-.060 
.991 -.057 
.109 -.174 
.203 -.134 

.111 

.182 .115 

246 
247 248 
249 250 251 
252 ?53 254 255 
256 257 258 259 260 
261 262 263 264 265 266 
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APPENDIX C FINAL PRINTOUT OF 2436 PARAMETERS MEASURED 
ON ONE SUBJECT IN EXPERIMENT 2 

Variables significant at the 5-percent level are marked by arrows, in the following computer printouts. 

Preceding pagn 
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PINNCO. 10/23/72 

POLL ANO PITCH TRACK INO 
NUMBER OE 

LAST variarle 
PRINTED ON LINE 

TURN RATE 
poker 
RUDDER 
ELEVATOR 
AILERON 
NS DEV 
AIRSPEED 
ALTITUDE 
CLIMB RATE 
ROLL 
PITCH 
YAK 

MEAN... 
• •So 

22BS.72 
2.73 

•1.B2 
2.T1 

•A66.32 
109.07 

10*7.SB 
SB.30 
•1.8* 
2.694 

-1.11 

..SO....UNITS 
.6S4DE0/5EC 

7.23 RPM 
*.87 PCT RIOHT 
».*0 PCT ERONT 
9.75 PCT RIOHT 

368.91 EEET 
2.334 MPH 

26.S34 EEET 
122.014 ET/NIN 

♦ .774 DEOI’EES 
1.804 OEOREES 
2.154 DEOREES 

# 

2 
* 
6 
0 

10 
12 
1 A 
ID 
18 
20 
22 
2* 

CORRELATION COEEPICIENTS. RII.J) 

-.0534 
-.380 -.007 
-.001 -.027 

.*8* -.05* 
-.028 .121 
-.019 -.7*5 

.059 -.376 
-.100 -.52* 

.819 -.02*4 

.065 .108 
-.0** .1514 

.01*4 

.0274 
-.190 

.059 
-.1094 
.0304 
.1*0 

-.15*4 
.117 

.1634 

.055 

.133 

.123 

.382 
-.036 
-.221 
-.08* 

.208 
,0504-.076 
«09*4 .0*64 .*26 
.019 .037 ,7fl3 
•327 -.182 -.036 
.016 ,023 -.227 
.119 -.1*6 -.151 

.270 
-.030 -.128 

.1804 -.291 
-.076 -.2*7 

.001 
-.01* 

ROLL ANALYZED AT THE ROLL EREOUENClES 

EREO 
(HZ) 
.002 
.010 
.029 
• 05T 
.128 
• 191 
• SOT 
.*67 

SAIN OA IN 
(DO) 
*1.18 
30.32 
23,*S 

PHASE 
(DEO) 

-276.07 
-110,71 

*6,364 

11*.576 
32.812 
18.870 
3.8294 11,664 .103.7* 
2.6264 8.394 -1*8,96 
1,6814 *.354 -116.20 
.8914 -'.004 -1*7.76 
.6764 'J.*l4 -170.06 

MEAN SOUARE PORCINO FUNCTION 
ROLL MEAN SQUARE ERROR (MSE) 
MSE ACCOUNTED POR 8Y ROLL 

8Y LCH EREOUENClES ONLY 
BY HIGH EREOUENClES ONLY 

LOK FREQUENCY OAIN 
LOK FREQUENCY CROSSOVER 
ldk frequency phase 
HI FREQUENCY OAIN 
HI FREQUENCY CROSSOVER 
HI FREQUENCY PHASE 
EQUIVALENT TIME DELAY 

EREOUENClES 

26.75408 
.36 HZ 

•13*.22 0E3AEE! 
2.0R4O8 

.304HZ 
-l*S.T*40E3REE! 

.9154SEC 

7713.56 DEO-DEO 
22.72 OEO*OEQ 

*.7140EO*OEO 
1.6: OE0*D£O 
3.08 :ra*o£o 

ANALYZED AT THE PITCH ROLL 
FREQ ISOLATION PHASE 
(HZ) IDO) (DEO) 
.00* -29.68 -104,39 
.01* -23.954 -331.504 
.027 -24,21 -259.57 
.053 -*.55 -39.66 
• 118 -7.054 -128.92 
•158 -10.08 -264.60 
•283 2.61 -282.83 
•538 -12.3* -290.48 

ROLL MEAN SQUARE ERROR 
MSE ACCOUNTED FOR BY PITCH 

BY LOU FREQUENCIES ONLY 
BY HI OH FREQUENCIES ONLY 

LOK FREQUENCY PHASE 
HI OH FREQUENCY PHASE 

FREQUENCIES 

(MSE) 
FREQUENCIES 

-183.78 OE3' 
-279.40 DEG 

22.72 OEftoOEG 
).88 OEG*DEO 
1.57 OEO»DEO 

.304OE0»DE0 

.0*84 

100.00 PCT 
20,71 PCT 
7.16 PCT 

13.554PCT 

100.00 PCT 
8.26 PCT 
6.03 PCT 
1.334PCT 

75 
77 
30 
1* 
7» 
*5 
S2 
60 
69 
79 
90 

97 
96 
99 

1 02 
InS 
108 
111 
11* 

116 
118 
120 
121 
122 
173 
) 2* 
125 
176 
127 

179 
131 
133 
135 
137 
139 
1*1 
1*3 

1*5 
1*7 
I *9 
15(1 
151 



«ou. ANAimO AT THt BEMNANT FRE'lUEMCIES 
TRE8 AMPLITUnE 

< MD toni 

•Dot -18,28 
•Oit -19.22 
•021 -20,32 
•0*5 -14.67 
•10* -22.38 
•139 -25.09 
•2*0 -30.95 
.389 -*3.0* 

POLL MEAN SQUAME EPROP <M$E) 
MSE ACCOUNTED POP BT REMNANT PPEQUENCIES 

BY LOW FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

22.72 OEG-OEG 
I.82 0EGO0EG 
1.60 OERoOEQ 
.22 DEflwOEG 

1(10.00 7CT 
8.00 ’CT 
7,02 ^CT 

,97 PCT 

152 
153 
15* 
155 
156 
157 
198 
159 

151 
163 
165 

ANALYZED AT THE roll PITCH 
FREQ ISOLATION PHASE 

1 HZ ) (OB) (OEG) 
.002 -66.204 -10B.77 
• 010 .*2.65 -156.794 
•029 -33.75 -204.75 
•057 -26.72 -48,80 
.125 -25.87 -111,13 
•191 -20.90 -216.91 
•307 -19.17 -212,*0 
.*67 -24.65 -329.71 

PITCH MEAN SQUARE ERROR 
MSE ACCOUNTED FOR BY ROLL 

BY LOW FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

low frequency phase 
hibh frequency phase 

FRE'.JENCIES 

(MSE! 
FREQUENCIES 

-129.78 OEG 
-2*9.98 OEG 

3.23 OEG*OEG 
.07 DEGWOCG 
.05 OEO*DCG 
•024DEGW0EG 

100.00 PCT 
2.09 PCT 
l.tl PCT 
.*94>CT 

167 
169 
171 
173 
175 
177 
179 
181 

183 
1*5 
187 
IBB 
189 

PITCH ANALYZED AT THE PITCH FREQUENCIES 

FREQ 
(HZ) 
.00* 
• 01* 
.027 
• 053 
.115 
• 158 
• 283 
.535 

GAIN GAIN 
(OBI 
38.624 
22.56 
23.10 
12.82 
7.30 
3.564 

•1.584 
•7.63 

phase 
(OEG) 

.249.0*4 
-2*6.9* 
•187.1* 
-176.72 
•151,62 
-1*1.28 
-136,27 
-1*5.484 

65.2984 
13.43* 
16.29* 
4.373 
2.319 
1.5074 
.83*4 

- .*15 - 
MEAN SQUARE FORCING FUNCTION 
PITCH MEAN SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR BY PITCH FREQUENCIES 

BY LOW FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

LOW FREQUENCY GAIN ;*.2R 08 
LOW FREQUENCY CROSSOVER ,?3 HZ 
LOW FREQUENCY PHASE -2IS.464DE8REC! 
HI FREQUENCY GAIN .*2408 
HI FREQUENCY CROSSOVER .2*4HZ 
HI FREQUENCY PHASE -U4.16 3EGREE! 
EQUIVALENT TIME DELAY .4024SEC 

501.87 0E9W0EG 
3.23 OEGWOEG 
1.364OEQW0EG 
.56 0E0*DE6 
,Bl40E0*DEG 

100.00 PCT 
*2.23 PCT 
17.30 PCT 
2*.93 PCT 

192 
195 
198 
201 
20* 
207 
210 
213 

215 
217 
219 
220 
221 
222 
223 
22* 
225 
226 

PITCH ANALYZED AT THE REMNANÏ FREQUENCIES 
FREQ AMPLITUDE 
(HZ) (OB) 
.006 20,52 
.016 20,51 
.021 20,*5 
•0*5 20.074 
.10* IB.06 
.139 15.67 
.2*0 -1.6B 
.389 9.524 

PITCH MEAN SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR BY REMNANT FREQUENCIES 

BY LOW FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

3.23 DEG*OEO 
1769.8A DEG*OEG 
1*13.20 OEGWOEG 
356.66 OEGWOEG 

100.00 PCT 
548)7,48 PCT 
«3770.80 PCT 
110*6.66 PCT 

227 
228 
229 
230 
231 
232 
233 
23* 

236 
238 
2*0 

55 



PlNNEOt 10/23/72 

HOLL ANO PITCH TRACKING KITH PO«P CHANGES 

hunger or 
CAST VANIAlt! 

PRINTED ON LINE 

TURN RATE 
poker 
RUDDER 
ELEVATOR 
AILERON 
ns o,:v 
AIRSPEED 
ALTITUDE 
CLINS RATE 
ROLL 
PITCH 
TAP 

• •MEAN.SO....UNITS 
-.50 .794 OEG/SEC 

2201.6« 24S.0S RPM 
».*« S.SS PCT RIGHT 

•2.5« J.T* PCT FRONT 
S.9« 9.09 PCT RIGHT 

•160.29 122.66 FEET 
101.19 10.31 NPH 

1060.09 ]7.0«4FEET 
ST.794191.38 FT/NIn 

.2* 9.914 DEGREES 
3.66 4 2.1« DEGREES 

•1.91 2.924 DEGREES 

242 
244 
246 
24« 
290 
292 
296 
296 
29« 
260 
262 
264 

CORRELATION COEFFICIENTS. RII.J) 

.032 
•.443 
-.020 

.«31 
-.1ST 
•.124 
•.003 
•.oai 

.643 

.029 
•.00« 

-.027 
.191 .010 

• .006 ..11*4 .094 
-.07« .474 -.111 -,161 
•.771 .009 ..160 .1(9 

.306 -.1964 .174 .123 
..0964 .009 ,390 .090 
-.0444 .3104..016 .ITS 

.92« ..079 ..096 ..071 
-.077 -.081 -.0204 .10* 

.141 
*.2«3 ..Oil 
-.027 .119 .264 

.299 ..039 -.209 -,097 
-.101 ..661 .17« ..441 .,023 
-.02« .09« .OS« -.019 -.147 ..Oil 

26« 
267 
270 
274 
27« 
26« 
292 
300 
10« 
31« 
310 

ROLL ANALY2E0 AT THE ROLL FREQUENCIES 

FREQ 
1H21 
.002 
.010 
.02« 
.097 
.129 
.191 
• 107 
.467 

GAIN GAIN 
(OBI 
3().-24 
11.61 
19.704 
11.064 
9.2(4 
1.964 

•1.474 
>4 -4,39( 

PHASE 
(DEO) 
-11.29 

•107,41 
•113.02 
-131.92 
-129.61 
.117,994 

191.99 
191.09 

32.908 
39.198 
9.697 
1.872 
1.(374 
1.2924 
.««44 

.6034 - 
REAN SQUARE FORCING FUNCTION 
ROLL NEAN SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR BY ROLL FREQUENCIES 

BY LOV FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

LOR FREQUENCY GAIN 23,1(406 
LOR FREQUENCY CROSSOVER .83442 
LOR FREQUENCY PHASE -96.3« DEGREE 
HI FREQUENCY GAIN .34408 
HI FREQUENCY CROSSOVER ,«( H7 
HI FREQUENCY PHASE -149.06 0E9REE 
EQUIVALENT TINE DELAY .57, SEC 

771:1.96 DC0*DEG 
34.96 DEO*OCO 
12.49 OEGPOCa 
8.26 OiG*OEG 
4,23 OF »DEO 

100.00 PCT 
19.71 PCT 
23.63 PCT 
12.104RCT 

313 
136 
13« 
342 
349 
349 
391 
394 

396 
39« 
160 
361 
362 
363 
164 
369 
366 
367 

analyzed at the pitch roll 
FREQ ISOLATION PHASE 
(HZ) (OB) IOEO) 
.004 -29.88 -244.99 
.01* -21,24 -90.S2 
•027 .18.88 -96.94 
.053 .6.26 -101.79 
• US -8.674 -290.17 
.19« -3.7« -216.01 
.283 -6.38 -292.3« 
.91$ -13.22 -348.22 

ROLL HEAN SQUARE ERROR 
NSE ACCOUNTED FOR RY PITCH 

BY LOR FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

LOR FREQUENCY PHASE 
HIGH FREQUENCY PHASE 

FREQUENCIES 

IHSE) 
FREQUENCIES 

-123.96 0! 
-307.(8 0( 

34.96 DEOoOEG 
1.70 OEG'OEO 
1.48 OEGROES 
.22 OEGRDEB 

100.00 PCT 
4.89 PCT 
4.23 PCT 

.624PCT 

369 
371 
371 
179 
377 
37« 
361 
381 

389 
387 
38« 
190 
191 

56 
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moll analyzed at the remnant FREQUENCIES 
FREQ AMPLITUDE 
(HZ) (OR) 
.196 *13.67 
.016 .Z1.9» 
•OZI *f*»!S 
•06$ *23.06 
.106 *30.96 
.139 *39.63 
.160 *36.71 
.309 .60.01 

ROLL MEAN SQUARE ERROR (NSEI 
MSE accounted for oy remnant frequencies 
or LOR frequencies only 
OY HIOH FREQUENCIES ONLY 

36.96 OES*DES 
2.06 0E0*0E6 
2.03 OEO*OEO 

•03 DEO*DEO 

190.00 RCT 
9.90 RCT 
9.01 RCT 

.00 RCT 

PITCH ANALYZED AT THE ROLL FREQUENCIES 
FREQ ISOLATION PHASE 
(HZ) 109) (DEO) 
.002 .96.10 *1.30 
.010 *62.70« >52.36 
.029 -27,01 *201.67 
.097 *23.93« *397.90 
■12S .19.97 *30.90 
•191 *32.69 *266.02 
.307 *10,69 *267.07« 
.667 *17.02 *360.97 

PITCH MEAN SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR OY ROLL FREPUENCIES 

OY LOR FREQUENCIES ONLY 
OY HIS)' FREQUENCIES ONLY 

LOR FREQ -ENCY PHASE -173.36 nCO 
HIOH FREQUENCY PHASE *299.69 0E9« 

9.66 OEOtOEO 
• i7«ma*0E9 
.I640E0A0E0 
•03 OEO*OEO 

100.00 RCT 
?,0S«RCT 
2.6SQPÍT 

.69 RCT 

607 
609 
611 
613 
619 
617 
619 
621 

623 
629 
627 
620 
629 

PITCH ANALYZED AT THE PITCH FREQUENCIES 

FREQ OAIN SAIN PHASE 
(HZ) (DO) IOCS) 
.006 )9.300 23,69 *19.92 
.016 16.693 26.39 .197.97 
.027 7.260 17,23 *199.93 
.093 3.610 11.19 *169.92 
.US 2.906 7.97 *129.37 
•ISO 1.326 2,66 *123.09 
.203 .707 *3.01 .100.39 
•93S .360 .0.69 .192.3^ 

MEAN SQUARE FORCINQ FUNCTION 
PITCH MEAN SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR OY PITCH FREQUENCIES 

OY LOR FREQUENCIES ONLY 
0’ HIGH FREQUENCIES ONLY 

LOR FREQUENCY OAIN 19.10 00 
LOR FREQUENCY CROSSOVER .90 MZ 
LOR FREQUENCY PHASE *120,06 OEOREES 
Ml FREQUENCY OAIN .,32 DO 
HI FREQUENCY CROSSOVER .22 HZ 
MI FREQUENCY phase *127.20 OEOREES 
EQUIVALENT TIME DELAY .320 SEC 

991.97 DEO'OEO 
9.66 DEQODEQ 
2.92 OEOOOES 
P.66 OEO*DCQ 

60 OEQODEQ 

100.00 PCT 
91.0.¾ ÎT 
03.09QPCT 
0.96 PCT 

PITCH ANALYZED AT THE REMNANT FREQUENCIES 
FREQ AMPLITUDE 
(MZ) (00) 
.006 *11.03 
.016 *19.09 
•021 *16.02« 
•069 .19.79 
.106 *26.19 
.139 *26.60 
•260 *30.60 
.309 .39.29 

PITCH MEAN SQUARE ERROR (MSE) 
NSE ACCOUNTED FOR OY REMNANT FREQUENCIES 

OY LOR FREQUENCIES ONLY 
SY HIOH FREQUENCIES ONLY 

9.66 DEQoOEQ 
•02 OEO*OEQ 
.77 OEQAOEO 
.09 OCO*OEQ 

100.00 PCT 
16.91 PCT 
13,66 PCT 

.96 PCT 

667 
660 
669 
670 
671 
672 
673 
676 

676 
679 
600 

57 
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PINNED« 10/23/72 

1000 CUM# 

mummer or 
LOST OARUBLC 

RRINTCD ON UME 

turn rate 
rooe* 
RUOOER 
ELEVâTOR 
• HERON 
NS OEV 
AIRSREED 
ALTITUDE 
CLIMB RATE 
ROLL 
RITCM 
VAN 

• •MEAN.SO.,..UNITS 
••*3 .St OEO/SEC 

2*57.28 J7.S2 RFM 
I.»3 «.66 PCT RIOMT 

-2.514 l.tt4PCT rsONT 
10.71 «.8« PCT RlOHT 

-57.57 «8.09 PEET 
*3.1* 3.15 MPM 

11*3.6« 3*.26 PEET 
627.1« 181.53 PT/MlN 

1.0* 2.974 OEORCES 
B.27 1.7* DEGREES 

•1.11 2.16 DEGREES 

«82 
*8* 
*86 
«88 
«90 
*92 
*9* 
«96 
498 
500 
502 
So* 

C0RREL4TI0N COEPPIClENTS. R(I.J> 

.078 
-.702 ..ROB 
-.021 -.216 .120 

.593 «,02* —.32« 
-.152 ,«3B .08« 
-.102 -.720 .231 
-.0*6 -.617 .132 
-.250 -.133 .257 

.887 .096 -.3*2 

.251 -.278 -.285 

.095 .100 .017 

.137 

.123 

.23« 

.161 

.367 

.009 
..179 
..016 

-.089 
-.036 -.385 
-.006 -.*»6 ,761 
-.160 ,586 ,211 ,0*5 

.*57 -.155 ,003 .033 -.1634 

.250 -.*334 ,276 ,3èo -.387 ,137 

.22« .060 -,291 -,248 -.167 .096 .03« 

505 
507 
510 
51* 
319 
525 
532 
3*0 
5*9 
559 
570 

PlNNEOi 10/23/72 

LEVEL 360 DEGREE RIGHT TURN 
number op 

LAST VARIABLE 
PRINTED ON LINE 

TURN RATE 
ROVER 
RUOOER 
ELEVATOR 
aileron 
MEAD DEV. 
AIRSPEED 
ALTITUDE 
CLIMB RATE 
»OLL 
RITCM 

• MEAN.SO..,.UNITS 
2.BB 

2*31.23 
19.12 
-2.994 
-9.63 

•320.95 
109.91 

1567.37 
162.26 
IS.«9 
2.66 

62 DEG/SEC 
9.66 RPM 
3,«fl PCT RIGHT 
2.724 PCT PRONT 
3.99 RCT right 

DEGREES 
mph 
PEET 
PT/MlN 

6.««40£UR£ES 
1.97 DEGREES 

7,77 
3.31 

54.27 
209.06 

37? 
57* 
576 
57G 
380 
562 
Si* 
506 
38B 
390 
592 

CORRELATION COEPPIClENTS. R(I.J) 

-.**5 
.28« ..«0* 
.3*6 -.335 ,318 

-.011 .18* -.08* 
••6*1 .6*3 -.«82 

.377 -.79* .379 

.503 -,705 .488 
-.2** -.383 -.063 
.9Î9 -.327 «SRI 
.295 ..156 .16« 

.0*3 
-.310 .268 
.3*34-.1*0 -.5*5 
.296 -.196 .,690 
.113 .007 ,048 
.352 -.1*0 -r 728 
.0184-.198 -.330 

.7*« 

.6074 .121 

.*59 .607 -.209 

.057 .330 -.«35 .325 

593 
595 
598 
602 
607 
613 
620 
628 
637 
6*7 

58 



HNWI). 10/23/72 

itOk rtlSHT 

NUNRtfi OF 
LOST VARIABLE 

FAINTED ON LINE 

TURN RATE 
FOVEA 
RUDDER 
ELEVATOR 
AILERON 
NS DEV 
AIRIFEEO 
ALTITUDE 
CLINB RATE 
roll 
FITCH 
YAV 

• ••MEAN.SO..,.UNITS 
-.S*4 .M OEO/SEC 

174B.il 1TB.22«RFM 
a.at b.ia act right 

•2.244 2.0*4FCT front 
3.BT B.S3 PCT RIGHT 

•49.09 60.01 FEET 
01.03 4 6.604 nph 

1002.01 33.664 FEET 
44.69 4 100.69 FT/NIN 
•2.42 2.994 DEGREES 
6.00 4 1.404 DEGREES 

•1.60 2.19 DEGREES 

649 
601 
603 
609 
6ST 
699 
661 
663 
669 
66T 
669 
671 

CORRELATION COEFFICIENTS, A (I .,1) 

.SOT 
-.64S 
>,021 

,620 
.104 

*,11T .0*0 
.003 
.071 
.IT* 

*.03T 

.342 

.606 .270 

.196 >.2*2 
•.200 .200 

.039 .372 
..9174 ^.269 

.110 ..130 

.124 >.203 
..194 ..240 
-.097 .192 

.200 
-.360 ..443 

.271 .0294..301 
-.301 ..109«l.l|2 .,3604 

.360 .0104 ,033 ..320 .203 
-.006 .6664 .137 ..000 .126 .079 
..3044 . 0304 .173 ..4974 . 3004-.269 
..162 .1704 .1264 .004 .0*0 ..216 

.176 
..019 .102 

672 
674 
677 
601 
606 
6*2 
699 
TOT 
716 
726 
737 

FINNEO, 10/23/72 

OESCENOINO 360 DEOREE LEFT TURN 

NUMBER OF 
LAST VARIABLE 

FAINTED ON LINE 

TURN RATE 
rover 
RUDDER 
ELEVATOR 
AILEAF 
HEAO DEV. 
AIRSFEEO 
ALTITirt 
CLINB RATE 
roll 
FITCH 

,..MEaN,., 
•2.TO 

1291.10 
•23.00 
•6.964 
21.07 
30.764 
79.20 

1047.214 
•494.69 

-7.11 
2.62 

•SO....UNITS 
.3*4 OiO/SEC 

119.26 RPN 
3.02 4FCT RIGHT 
2.244FCT FRONT 
9.02 FCT RIGHT 

21.37 DEGREES 
3.70 NPH 

62.16 FEET 
190.67 FT/HIN 

2.664 DEGREES 
1.764 DEGREES 

739 
741 
743 
749 
747 
74* 
791 
793 
799 
TST 
759 

CORRELATION COEFFICIENTS, R(I.J) 

.169 

.14* .290 

.036 .400 .000 
• 22T .392 ..134 

-.030 .303 -.490 
..ISO .366 -.304 
-.131 .434 -.443 
•«OST .3304 ..»9 

.069 ..004 .410 

.1414-.0194 .249 

.111 

.464 .440 
,294 .990 .409 
.323 ,900 .029 
.999 .394 .590 

.,046 -.196 ..304 
-.399 -.124 ..329 

.940 

.603 .397 
..964 -.309 -.299 
• •*00 ..094 -.002 .299 

760 
762 
765 
7«.* 
774 
TOO 
707 
799 
004 
014 
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PlNNCOi 11/23/Tt 

St* FOOT DCSCENT 

NUMSC* or 
LAST VARIABLE 

RRINTEO ON LINE 

TURN RATI 
FORES 
NUOOER 
ELEVATOR 
AILERON 
NS OCV 
AIRSFEED 
ALTITUDE 
CLINS RATE 
ROLL 
fitcm 
tar 

..MAN.....SO....UNITS 
•.AT l.t2«OEO/SCC 

23A3.40 «!.« RRN 
U.St 11.«« FCT RIONT 
S.«S 3.St FCT FRONT 
IS.ST !l.tt«FCT RIONT 

2*3«.*« 3t.*B FEET 
T1.AT« *.*3 NFH 

IIS1.TS IB.SI FEET 
•1*1,*3 131.33 FT/HIn 

>.*S 4.0*4 DEOREES 
•IS 3.4S DEOREES 

•3.«« 3.** DEOREES 

• It 
*1* 
•I* 
*22 
*7« 
•It 
•2* 
• 30 
• 32 
■ 3« 
• 3t 
•3* 

CORRELATION COEFFICIENTS. R(I.J) 

• •23S 
•.no .ut 
.•114 .ISA ^.0384 
.S23 ..111 .••« .,|3* 

..«•A .«SS ..2S* .2304 >.«23 
•,m ..2*3 .tOS4..23T .*03 
•.21S .0*3 .113 ,B4t .««S 
..B3t ..IBS .«01 .,••• .314 
,•■• ..It! ..141 ,BS3 .2TS 
.144 .221 ..SS« .20T ..3t2 

".•23 .181 .t31 .,1*9 .48« 

..tot 
•2S9 .229 

..«41 ,193 .109 

..4*2 ..Itl >.22« ..032 
•tOt ..192 -.023 ..83t 

•.9*8 .«St ..039 .t«t 
• OTO 

..141 ..tt3 

• 39 
■41 
•44 
•40 
•S3 
•«• 
Itt 
BT4 
•93 
•93 
•04 

FINNEO, 1I/23/T2 

ILS LANOINS AFFROACH 

number of 
LAST VARIABLE 

frinteo on line 

TURN RATE 
FORER 
RUOOER 
ELEVATOR 
AILERON 
AIRSFEED 
ALTITUDE 
CLIMB RATE 
»OLL 
FITCM 
VAR 
SLIOESLOFE 
LEFT/AISHT 

..MEAN... 
..884 

1021.99 
.*.25 
• US* 
*.12 

9S.TS4 
*22.194 

•310.49 
2.90 
l.«3 

•19.2* 
.,♦5 
.*3 

..90....UNITS 
• Il4 DEO/SEC 

132.11 RFM 
•.«1 FCT R1SHT 
2.114FCT FRONT 
1.33 FCT RtSHT 
2.10 MRH 

9t.lt FEET 
1ST.to FT/MIN 
3.3B40CSRCCS 
I.T34OEOREES 
2.2*4 DEOREES 
1.2« DEOREES 
.44 DEOREES 

•ot 
901 
910 
9.2 
*14 
• it 
• 1« 
*20 
922 
974 
97« 
970 
930 

CORRELATION COEFFICIENTS. R(I.J) 

.Itt 
-.010 .0*4 
..•IT .190 .10* 
.tit .IBS ..3*0 
.133 ..UT ..04* 
.•1* .UT .14* 
.«ST .49« ..039 
.TIS4 . 039 ..III 

•.122 ..9044 .11« 
.•11 ..«ll .«St 
.•It .199 .0«T 
.123 .«T« ..000 

.221 

.21* .«OT 
..1214..111 
.ISO .121 
.lit .420 

•.223 ..210 
..192 ..221 
..124 -.122 
.112 .02* 

.122 

.90S ,200 

.024 .223 -.110 
..104 ,092 .,940 
..U3 .022 ..034 
..42* .,220 .,4St 
.142 ,OTt .020 

.010 

.1*0 .004 

.10* ..03*4 .111 

.133 ..002 .I«« ..031 

931 
933 
93« 
940 
948 
9S1 
9B« 
9tt 
9T9 
999 
•*« 
nos 
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PlNNCOa 10/23/72 

ROLL TRACK I NO 

number or 
LAST VARIABLE 

PRINTED ON LINE 

...MEAN.....SO....UNITS 
TURN RATE -.SJ4 1.234 OEO/SZC 1010 
POKER 21AA.01 111 «724 RPR 1012 
RUDDER *2,03 13.39 PCT RIOMT 101A 
ELEVATOR *1.02 3,»9 PCT PROMT 1016 
AILERON 0.62 19.21 PCT RtOHT 1011 
NS DEV *1062.3T 196.26 FEET 1020 
AIRSPEED 96.00 1.794MPH 1022 
ALTITUDE 1040.32 32.034 FEET 1024 
CLIMB RATE 02.99 144.734 FT/MIn 1026 
ROLL 1.16 «-9*4 DEQRCES 1026 
PITCH 3.66 l.B2<> DEOREES 1030 
YAK *2.16 3.014 DEOREES 1032 

CORRELATION COEFFICIENT*,, R(1,J) 

*.036 
*•467 
*.063 

.460 
*.100 

.020 

.039 
*.034 

.790 

.031 
-.COB 

.096 

.142 

.100 

.000 
..194 
..136 

.990 
..099 
..394 
..024 

.174 

.3214 .190 
..093 ..Oil .049 
..029 .2134..0294 . 099 
.009 .090 ..096 ..213 .164 
.044 .346 .030 .039 .323 .239 
.104 .027 .696 ..179 .0244 .0634.,036 

..096 ..217 ..0694..020 ..0074 .179 .,423 
.167 .000 .270 ..047 ..091 .009 .,129 

.017 

.099 .064 

1033 
1030 
1030 
1042 
1047 
10S3 
1060 
1060 
1077 
1007 
1090 

ROLL 1YZEO AT THE ROLL PRCOUENCIES 

FREO ' - I GAIN PHASE 
IHZ) (OB) (DEB) 
.010 29.411 28.10 .109.46 
.029 21.0),: 26.77 .149,90 
•031 9.304 19.37 *99.09 
• 039 12.0314 21.614 *74.73 
.049 9.390 19.42 -162.91 
.064 4,399 12.074 *137.92 
.000 9.3944 14,97 4 *161.17 
.100 4.2964 12.90 4 *91.14 
.123 2.2224 6.934 *133.00 
.190 1.9904 3.01 4 .126.03 
.197 1.3264 2.49 4 .124.43 
.240 .9994 *.404 *134.42 
.314 . 7634 -2.39 4 .141,02 
.396 . 9994 *4.91 4 *199.90 
.490 .9134 *9.794 -173.00 
.627 . 9094 *9.93 4 *192,49 

MEAN SBUARE PORCINS FUNCTION 
ROLL MEAN SBUARE ERROR 
N$E ACCOUnTCO FOR BY ROLL 

OY LOK FREQUENCIES ONLY 
BY H1BH FREQUENCIES ONLY 

LOK FREQUENCY OAIN 
LOK FREBUENCY CROSSOVER 
LOK frequency phase 
HI FREBUENCY BAIN 
HI FREQUENCY CROSSOVER 
HI FREQUENCY PHASE 
equivalent time delay 

IMSE) 
FREQUENCIES 

19.41400 
.344 

*123.24 DEGREES 
-.72400 

.244*2 
•147.76 DE3REES 

.474 SEC 

963.47 OEG-U-O 
63.32 OEG»OE9 
29.*,**0EO»OE3 

7.064DEB*DEB 
22.01 OEG*DEB 

100.00 PCT 
47.16 PCT 
IZ.^S^CT 
14.774*CT 

Uni 
Hn4 
llnT 
1110 
1113 
1116 
1119 
1122 
1129 
1120 
1131 
1134 
1137 
1140 
1143 
1146 

1140 
1190 
1192 
1193 
1194 
1199 
1196 
1197 
1190 
1199 

ROLL ANALYZED AT THE REMNANT FREQUENCIES 
FREQ AMPLITUDE 
(HI) (DO) 
.023 -22.00 
.037 -31.07 
.041 -19.07 
.049 .10,60 
.099 .29.40 
.076 ,21.69 
•094 .17,06 
.119 *21.70 
•146 *10.63 
.102 .29,01 
.242 *29.424 
.297 .94.49 
.369 .94.99 
.441 .33.114 
.607 -91.674 
.690 .41.764 

roll mean SQUARE ERROR IMSE) 
MSE ACCOUNTED FOR BY REMNANT frequencies 

BY LOK FREQUENCIES ONLY 
BY HIBH FREQUENCIES ONLY 

1160 
1161 
1162 
1163 
1164 
1169 
1166 
116T 
1160 
1149 
1170 
1171 
1172 
1173 
1174 
UTS 

63.32 DCS*OEG 100.00 PCT 
9,23 0CI34DE0 0.26 PCT UTT 
4.06 DEG'DEO 6.41 PCT 1179 
1.10 OES4DCO 1.66*>CT 1101 
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PiNWCOt 10/23/72 

«OU. PITCH ANO YAH TBACHINO 

NJMDEN OPí 
LAST VAPIASLC 

POINTED ON LINE 

TURN rate 
po«er 
RUOOER 
ELEVATOR 
PILERON 
NS DEV 
AIRSPEED 
ALTITUDE 
CLIMB RATE 
«OLL 
PITCH 
YAH 

...MEAN... 
• •TO^ 

2120.2« 
l.Ot 

-2.TS 
3.«» 

•613.«0 
«6.13 

1082.OB 
TO.36 
-2.3* 

3.31 
•1.83 

..SO 
2.IT 

70.01 
13.42 
6.19 

IT.06 
29«.«B 

2.36 
33.38 

163.30 
12.6* 
2.T7 
3.78 

..UNITS 
OEO/SEC 
RPN 
PCT RI6HT 
PCT ERONT 
PCT RJSHT 
PIET ÎMPH 
PEET 
PT/HIn 
OEOREES 

« OEOREES 
« DEOREES 

CORRELATION COEFFICIENTS. R(I.J) 

•.066 
•.610 .09« 
• .0T1« ,02T 
.SIT .010 

•.088 
.166 
.078 
.117 
.921 
.031 

.1*8 
..001 
.110 
.29« 

.183 
-.130 
..088 
.01* 
.009 

••01* 
..061 -.290 

123 -.022 

.038* 

.028 

.286 
• 0T6 ■ 
.380 

.002 

.0*9 ..211 

.006* ,37* 
020 ..01T 

.208 

.738 
..028* .487 ..100* .202 
..371 .088 .006 ..123 

..261* ..012* .366 ..006 .287 ..129*..079 

.266 

.098 

.in 
..086 

.13* 
..29« 
-.21* 

.018 

.22« .117 

ROLL ANALYZED AT THE ROLL FREQUENCIES 

FREO 
(M2! 
.018 
.028 
.031 
• 03« 
.0*9 
.06« 
.060 
• 100 
.123 
.186 
.197 
.2*8 
• 31« 
.396 
.*98 
.627 

QAIN 

13.936 
4.168 
*,929* 
8.410 
3,7*7* 
2.368 
3.639« 
3.090* 
«.932 
1.170 

.664 
1.098 
.788 
.613« 
.«09« 
.809* 

MEAN SQUARE PORCINO FUNCTION 
ROLL mean SQUARE ERROR 
NSE ACCOUNTED FOR SV ROLL 

BY LON FREQUENCIES ONLY 
BY HIQH FREQUENCIES 5-/,.Y 

LON FREQUENCY QAIN 
LON FREQUENCY CROSSOVER 
LON FREQUENCY PHASE 
HI FREQUENCY OAIN 
MI FREQUENCY CROSSOVER 
HI FREQUENCY PHASE 
equivalent time DELAY 

OAIN 
(06) 
22.86 
12.39 
13.86* 
14.66 
11.*7* 
1.48 

11.22* 
9.69* 

13.13 
1.36 

• 1.27 
.46* 

•2.*0 
•4.28* 
•7.76* 
•8.86 * 

phase 
(OEO) 

•123.62 
•94.*0 
197.62 
193.97 
1*4,2* 
162.69 
196.94 
148.61 
•66.48 
117.61 
106,49 
133.72 
1*2.69 
164,33 
170.23 
213.48 

(NSE! 
FREQUENCIES 

12.9e*06 
.399W1 

•146.04 DE6REE9 
-.62606 

.286MZ 
•1*2.37 OEOREES 

.467 SEC 

293.33 OEQaOEO 
164.82 0EQO0E0 

16,196Of9*DC0 
12.90*OEO*DEO 
8.29 0E0*DE0 

100.00 PCT 
11.03 PCT 
7.83 PCT 
3.214PCT 

ROLL 
FREQ 
(MI! 
.020 
.027 
.033 
• 043 
.081 
.066 
• 084 .10« 
.129 
.170 
.217 
.286 
.336 
.40* 
• 933 
• 693 

rull 

ANALYZED AT THE PITCH 
ISOLATION 

(OBI 
•17.66 
.10,81* 
•7.70 
-6.29 
-4.24 
2.27 

•4.6* 
1.29 

•1.67 
.12,64 

-.10 
2.10 

•9,32 
•1.96 
•7.13 
'«.IT 
Hi N SQUARE ERROR 

NSE ACCOUNTED >'OR SY PITCH 
BV LON FREQUENCIES ONLY 
BY HIOH FSIQUENCIES ONLY 

LON frequency PHASE 
HI61' FREQUENCY PHASE 

PHASE 
(DEO! 

•102.87* 
•207.42 
•294.93 
•66.41 

•321.06 
.204,09* 
-88.26 

•197.46 
•216.16 
•229.08 
•161.82 
•274,91 

•4.6* 
•12.01 
•26.36 
•6- 23* 

FREC-rNClES 

(MSE) 
FREQUENCIES 

•180.81 
■1*9.41 

0C6 
0E6 

164.82 OEOaOEO 
9.99 OEO*. : 0 
9.18 OtO'OEO 

.81 OEOAOEO 

100.00 PCT 
6.06 PCT 
9.97 PCT 

.49 PCT 

1183 
1188 
1187 
1169 
1191 
1193 
1199 
1197 
119« 
1201 
1203 
1208 

1206 
1206 
1211 
1219 
1220 
1226 
1233 
1241 
1280 
1260 
1271 

127* 
1277 
1280 
1283 
1286 
128« 
1292 
1298 
1298 
1301 
1304 
1307 
1310 
1313 
1316 
1318 

1321 
1323 
1329 
1326 
1327 
1326 
1329 
1330 
1331 
1332 

.1.... 
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MCQUCNCIES ROLL ANALYZED AT THE VAN 
MEO ISOLATION PHASE 
(HI) (OS) (DCS) 
.Oil -.11 -ITT.ST 
.11* -.1» -ISO.31 
•S3S t.tl -1TT.3A 
• SAT S.S1 -Itl.n 
.»ST «,*3 «tat.ss 
• OTl 11.1« -31T.AI4 
•»•» 13.SI -5.OS 
• ios *.3« -il.or 
•1*3 T.TT -13.TS 
• II» 10.«* -33,-)4 
.119 10.IS -«1.«$ 
.1ST 11.»T4 -TI.TS4 
• 3TT 11.114 -Ill.*« 
.*63 S.T*4 -136.01 
.SIB T.*l4 -16T.31 
• 6TS *.6S4 -11*.SI 

ROLL HEAN SOUARE ERROR 
HSE ACCOUNTED FOR SY VAN 

BY LON FREQUENCIES ONLY 
BY HÍ6H FREOUENCIES ONLY 

Lon frequency phase 
HISH FREQUENCY PHASE 

(NSE) 
FREQUENCIES 

•1IS.31 DEB 
•130.*8 OES 

16*.Bl OES*DEO 
BO.TO DEB*OEB 
T*.T6 OEB*OEB 
S.«* OEB*OES 

100.BO PCT 
*6.96 PCT 
*5.36 PCT 
3.60 PCT 

11T6 
1ST» 
13TB 
USO 
l3Qt 
ns* 
in* 
USB 
im 
not 
119« 
im 
119« 
1*0» 
1601 
1«»* 

1*0» 
IMS 
1*10 
1*11 
1*11 

ROLL ANALYZED AT THE RENNANT FREQUENCIES 
FREQ ANPLITUOE 
(HZ) (OB) 
.013 -15,90 
.03T -11,*9 
•0*1 .13.10 
•0*5 -13.09 
.05« -11.0T4 
.»T* -19.16 
.09» -14.30 
.11« -30.61 
.1*6 -Z3.S1 
•1BZ -31.IS 
.1*1 -3S.1S 
•19T .«3.35 
.90S -39.3« 
.441 -40.6T4 
•*0T -4B.SB 
.650 .61.63 

RULL HEAN SQUARE ERROR (HSE) 
HSE ACCOUNTED FOR BY RENNANT FREQUENCIES 

BY LON FREQUENCIES ONLY 
BY H16H FREQUENCIES «MIT 

164.82 DE8*Oí8 
B.024CEB.DEB 
T.e9#í9*0E8 

.93 DEB*DES 

100.00 PCT 
*.0T PCT 
*.30 PCT 

,96 PCT 

1*13 
161* 
1615 
1*16 
1*1T 
161B 
1*1« 
1*10 
1*11 
1611 
1*13 
1*1» 
1*16 
1*16 
161? 
1*10 

1*30 
1*31 
1*3» 

PITCH ANALYZED AT THE ROLL 
FREQ ISOLATION PHASE 
(HZ) (DB) IDES) 
.018 -36.90 -IBB.63 
.925 .51.6« -102.834 
•031 -36.30 -.15 
.039 .30,60 -33T.4S 
.0*9 -16.034 -109.494 
•06» -IS.Bl -5*.»6 
•0B0 -10.49 -54.96 
.100 »13.05 -311.54 
.113 .19.25 -135.004 
• ISB .20.63 -60.464 
*19T .26.65 -41.36 
.t*S -19,93 -202.29 
.31« -10,46 -223,TZ 
.396 -24.99 -194.5T 
.498 -10.45 -330,58 
.629 -10,56 -99.41 

PITCH NS AN SQUARE £■ ROR 
NSE ACCOUNTED FOR BY ROLL 

BY LON FREQUENCIES ONLY 
BY H16H FRï««»C»ES ONLY 

Lon frequency phase 
HISH FREQUENCY PHASE 

FREQUENCIES 

(NSE) 
FREQUENCIES 

•159.66 OEB 
-Z00.3B OEB 

9.69 OEB*OEO 
•99 OES*OEB 
.9* 9E8-DK9 
.06 OES'OEB 

100.00 PCT 
10.39 PCT 
9.63 PCT 

.93 PCT 

1*36 
143B 
1*4« 
1**1 
1**4 
l«*6 
144S 
1450 
l«St 
14S4 
1*96 
1*IB 
1*60 
1*61 
1*6* 

1*6S 
1490 
1*91 
1*93 
1*9» 

PITCH 

FREQ 
(HZ) 
.020 
.029 
.033 
• 0*3 
.051 
• 0»B 
• OB* 
• 10* 

ANALYZED AT THE PITCH FREQUENCIES 

BAIN 

14.921 
«.60S 
T.9B9 

66.955 
9.611 
4.633 
1.4B« 
1.931 

BAIN 
IDS) 
29.06 
19.65 
IB.OS 
36.514 
14.9B 
13.32 
9.BO 
4.96 

PHASE 
»EQ3 

-ts«.*l 
.2*3.6: 
-196.39 
-14,40 

•199.T« 
•1*8.95 
-123.41 
•136.** 

1*99 
14QB 
14B3 
!*S6 
♦SB 

l*M 
1*91 
1*9* 
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• i?S 
• ITC 
• Î1T 
• Í56 
• 33« 
• «O* 
• S3) 
• »93 

1.623 

.T2T 

.«T« 
•s»a 
.sas 
• ï»* 
.271 

! 

«.zi -ns.«a 
•1.03 >120.90 
-2.TT >136.06 
•3.374 .12a,6« 
-6.4T« .lia.03 
•a.as« .lia.23 

•I6.a6 .237.99 
¡¡Un soûlât róñciNO fuÍction"1*9*7* 
JÎTCH NC AN SOUARC IRROR (NSEI 
NSE ACCOUNTCO TOR BT PITCH PREOuENCICS 
BT ION ERIOUENCIES ONLï OENCIES 
BT H10H EREOUENCIES ONLY 

LON EREOUENCT SAIN 
¡.ON EREOUENCT CROSSOVER 
U>N EREOUENCT PHASE 
Ml EREOUENCT OAIN 
NI EREOUENCT CROSSOVER 
NI EREOUENCT PHASE 
eOUIVAlENT TIRE OELAt 

17.BT 08 
.19 H? 

16*.00 DEOREES 
-5.49008 

• 174^4? 
148.T1 0E8REES 

.48? SEC 

52.34 DE9*0CS 
7.67 DESODES 
?.T8 DESODES 
1.37 DES»0£G 
1.41 DESODES 

100.00 PCT 
36.22 PCT 
17.86 PCT 
18.17 PCT 

ANALYZED AT THE TAN PITCH 
ereo 
(HZ! 
.021 
.029 
• 035 
• 047 
• 057 
• 072 
• 096 
• 105 
• 143 
• 186 
.229 
• 287 
• ITT 
• 463 
•sia 
•»Ta 

PITCH _ ___ t„n 
NSE ACCOUNTED EOR BT TAN 
BT LON EREOUENCIES ONLY 
BT HI8H ERífeíNCíES ONLY 
LON EREOUENCT PHASE 
NISH EREOUENCT PHASE 

ISOLATION 
(08) 

•24.88 
•26.52 
•23.35 
•16.70 
•16,62 
-a.6« 

.15.56 
-7.93 
•B.41 
•6.30 

•io.ia 
•7.16 
-6.22 

•12.93 
•10.92 
•17,23 

PHASE 
IDEO) 

•87.60 
•137.15« 
•217.31 
•190.1« 
•20.19 
•35.92 

•139.7* 
*59.71 
-75.50 

•214.20 
-179.92 
-312.71 
•264.27 
•42.48 
•31.11 
•268.92 

EREOUENCIES 

NEAN SQUARE ERROR (HSE) 
EREOUENCIES 

•113.48 0E¡ 
-190.35 DEi 

7.67 0ES40C8 
•46 0EO40E8 
• 36 t f )*DE8 
.10 OES40E0 

lOO.00 PCT 
6.01 PCT 
4.71 PCT 
1.30 PCT 

1501 
1504 
1507 
1510 
1513 
1516 
1519 
1522 

1524 
1526 
1B2R 
1529 
1530 
1531 
1532 
1533 
1534 
1535 

1537 
1539 
154) 
1543 
1545 
1547 
1949 
1951 
1553 
1555 
1557 
1559 
1561 
1563 
1565 
1567 

1569 
1971 
1573 
1574 
1575 

'rïÊS anpuÎuk" *T ™E REMN*nT '««uencie 
(HZ) (08) 
.023 .21.53 
•837 .21.»7 
•0*1 .22.6* 
•0*5 -29,66 
•059 .10.90 
•076 .26.57 
•094 .28.21 
•119 .16.36 
.146 .24.21 
•182 .35.36 
•2*2 -32.36 
.297 .3*.51 
.385 .39.32 
.**1 .*0.17 
•607 .45.10 
•660 .30.01 

PITCH MEAN SQUARE ERROR (HSE) 
NSE ACCOUNTED EOR BT RENNANï EREOUENCIES 
BT LON EREOUENCICI UNLT 
BT H!OH EREOUENCIES ONLY 

7.67 0ÎS»DE8 
.♦* DE04DE6 
•39 DEO*0E6 
.04 DES4DE3 

100.00 PCT 
5.67 PCT 
5.13 PCT 
.5* PCT 

1ST» 
1577 
1578 
1579 
1580 
1561 
1582 
1563 
1584 
1585 
1616 
1567 
1586 
1569 
1590 
1591 

1593 
1595 
1597 

TAN 
EREO 
(HZ) 
• 018 
• 025 
• 031 
• 039 
• 049 
• 064 
•oao 
• 100 
• 123 
• 156 
• 197 
• 248 
• 31* 
• 39» 
.49« 
• 627 

ANALYZED AT THE RO 
isolation 

(DB) 
.ST.35 
•20.34 
.24.16« 
•25.98 .20.12« 
-12.77 
-16.75 
•23.32« 
•31.59 
.19.46 
•22.86 
•20.97 
•22.64 
•20.44 
.27.67 
-29.38 

PHASE 
(DES) 

•91.28 
•226.30 
•ta.«* 
•67.71 

•126.51 
•109.96 
•74.21 

-1*1.6* 
•166.26 
•176.01 
-223.66 
•193.12« 
•227.93 
*272,80 
•320.43 
•294.46 

EREOUENCIES 

1599 
1601 
1603 
1609 
1607 
1609 
16)1 
1613 
1615 
1617 
1619 
1621 
1623 
1625 
1627 
1629 
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V*« MEAN SQUARE ERROR IMSE) 
MSE ACCOUNTED FOR 8T ROIL FREQUENCIES 
BY LON FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

LON FREQUENCY RhaSE -10T.03 
HI BN FREQUENCY PHASE -250.24 

YAN ANALYZED AT THE PITCH FREQUENCIES 
FREQ ISOLATION PHASE 
(HI) (OB) (OEOI 
.020 .20.9T »IBI.OB 
.027 -10.344 -30(.04 
.033 .14.98 -32.11 
• 043 -12,03 -122.((1 
•0S1 -10.95 -TT.05 
.068 -1,184 -296.51 
.084 -13.08 -217.61 
•104 -10,17 -299.42 
.128 -16.91 -341.31 
.170 -26.62 -354.27 
.217 .30.434 -28,53 
.256 -16.91 -12.04 
•336 -24.00 -31,10 
.404 .20.31 -61,79 
.533 -30,484 -9,55 
.693 .29,56 -359.44 

YAN MCliN SQUARE ERROR (MSE! 
MSE ACCOUNTED ^OR BY P17CH FREQUENCIES 
BY LON FREQUENCIES ONLY 
BY HI8H FREQUENCIES ONLY 

LON FREQUENCY PHASE -191.T5 DEG 
HIGH FREQUENCY PHASE -173,72 DEG 

YAN ANALYZED AT THE REMNANT FREQUENCIES 
FREQ AMPLITUDE 
(HZ) (DR! 
.023 -IT.71 
.037 .17.98 
.041 -33.12 
•045 -17.09 
.059 -21.37 
•076 -20.42 
•094 -23.61 
.119 .32.12 
•146 .29.42 
.182 «33.40 
•242 -41.74 
•297 -S3.66 
•38S -64.74 
.441 .80.54 
•607 .60.00 
•650 -49.27 

YAN MEAN SQUARE ERROR (MSE) 
M8E ACCOUNTED FOR BY REMNANT FREQUENCIES 
BY LON FREQUENCIES ONLY 
BY HIGH FREQUENCIES 8NlY 

14.08 DEG*OEG 100.00 PCT 
1.4TGOE840EG 10.42 PCT 1631 
1.4440E04DEG 10,Z0 pCT ,t33 
•03 OEG»DEO .22 PCT 1635 

1636 
1637 

1639 
1641 
1643 
1645 
1647 
1649 
1661 
1653 
1655 
1657 
1659 
1661 
1663 
1665 
1667 
1669 

14.08 DEGoOES 100.00 PCT 
1.45 DEG40EG jn,33 PCT 1671 
1.44 0EG*0EG 10.22 PCT 1673 
.02 0E040E0 ,H PCT 1675 

1676 
1677 

1680 
1683 
1686 
1689 
1692 
1695 
1698 
1701 
1704 
1707 
1710 
1713 
1716 
1719 
1722 
1725 

P7.74 DEG»0EG 
14.08 OEG*DEG 100.00 PCT 
5.57GOE04DE0 39.60GPCT 1727 
4.59 DEGAOEG 32.624PCT 1729 
.98 OEG«OEG 6.98 PCT 1731 

1732 
1733 
1734 
1735 
1736 
1737 
1738 

1739 
1740 
1741 
1742 
1743 
1744 
1745 
1746 
1747 
1748 
1749 
1750 
1741 
1752 
1753 
1754 

14.08 DEG»OEt 100.00 PCT 
1.07 DEflADEG 7.59 PCT 1756 
1.04 DEGAOEG 7.42 PCT 1758 
.02 DEGAOEG ,17 PCT 1760 

DEG 
DEO« 

YAN ANALYZED AT THE YAM FREQUENCIES 

FREQ GAIN GAIN 
(HZ) (DB) 
.021 10.751 20.63 
.029 7.3T7 17.36 
•035 5,190 14.30 
•047 2.547 6.12 
•057 3.641 11,22 
•072 1.328« 2,46 
•096 .790 -2,05 
•lOS .507 -5.90 
•143 ,233 -12.66 
•186 .282 -11.00 
•229 .294 -10.63 
•287 .205 -13.77 
.377 .297 -10.56 
•463 .209 -13.61 
•518 .230 -12,78 
.678 .269 -11.41 

‘•ÍAN SQUARE FORCING FUNCTION 
YAN MEAN SQUARE ERROR 
MSE ACCOUNTED FOR BY YAN 
BY LON FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

LON FREQUENCY GAIN 
LON FREQUENCY CROSSOVER 
LON FREQUENCY PHASE 
HI FREQUENCY GAIN 
HI FREQUENCY CROSSOVER 
HI FREQUENCY PHASE 
EQUIVALENT TIME DELAY 

phase 
(DEO) 

•140.93 
•149.99 
•159.05 
-128.86 
-164.79 
-134.71« 
-141.63 
.132.46 
-142.00« 
.121,08 
-169,93 
-195.65« 
-201.50« 
-233.04« 
-236.50 
-233.01« 

(MSE) 
FREQUENCIES 

8.27 08 
.08 H? 

•144.05 DEGREES 
-12.05 DB 

.ro Hz 
-191, M«0EGREE5 

,748«SEC 
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HNNïO, lO/2*/Tï 

«couceo banomith «oll trackin« 
PRODI it 6)a >,00000000 

NUM«« OF 
LOOT »ARIA8LC 

PRINTED ON LINE 

TURN rate 
POrEN 
RUDDER 
ELEVATOR 
AILERON 
NS OEV 
AIRSPEED 
ALTITUDE 
CLIMB RATE 
ROLL 
PITCH 
YAK 

MEAN.SO....UNITS 
..52* 

2270.61 
2.11 

• 1.12 
3.03 

39S7.60 
108,08« 

1000,36 
59.77 
-1.07 
2.87 

•l.OS 

.6« OEO/SEC 
21.1« nPH 
7.01 PCT RISHT 
2.15 PCT FRONT 

10.19 PCT «ISHT 
.01 FEET 

2.5] MPH 
31.07« FEET 

129.02 FT/MIN 
5.39«DE«REES 
1.51 0E8REES 
2.30« 0E0RCC5 

1762 
1760 
1766 
1706 
1Ï70 
1772 
1770 
1776 
1778 
17*0 
1782 
1780 

CORRELATION COEFFICIENTS, Rfl.J! 

-.018 
-.010 -.106 
-.080 -.013 
,302 .026 

-.006 -.009 
.021 -.072 

-.020« -.116 
.013 -.207 
.603«..106 
-.075« .161 
-.008« .091 

.013 

.201« ,060 
-.01* .007 -.001 
.179 .175 .013 
.161 ,050 -.027 
.012 ,270 .057 
.387 -.102 .008 
.005«..138 -.069 
.159« ,0S0 .390 

.006 

.002 ,6]8 
-.009 ,099 
-.010 .108 
.1127 .,2*0 

-.010 .0*2 

.258 

.107 -.009 

.111« -.098 
-.067 .132 

-.008« 
.003 -.0*0« 

17*5 
17*7 
1790 
1790 
1799 
1805 
1*12 
1*20 
1829 
1639 
1850 

ROLL ANALYZED AT THE ROLL FREOUENCIES 

FRED «AIN QAIN 
(HZ) (08) 
.018 25.011 28.10 
.025 15.051 23.78 
.031 23.085 27,27 
•03* 17.900 25,90 
.009 0.539 10.31 
.000 0.037 10.17« 
•080 5.000 15.07« 
.100 2.780 8.89 
• 123 1.535 3,72« 
•156 2.725 8.71 
.197 2.009 0.06« 
.20* .805« -1.07« 
•310 .870 -1.15 
.390 .080« -3.29« 
.09* .527« -5.50« 
.627 .550« -5.20« 

MEAN square forcino function 
ROLL MEAN square error 
nse accounted for sy roll 
8Y L0M FREOUENCIES ONLY 
BY HI8H FREQUENCIES ONLY 

L0« FREQUENCY OAIN 
LOF FREQUENCY CROSSOVER 
lor frequency phase 
HI FREQUENCY gain 
HI FREQUENCY CROSSOVER 
HI FREQUENCY PHASE 
EQUIVALENT tine delay 

phase 
I0E9) 

-110,91 
-121.50 
-110.35 
-80.51 

•110.50 
-100.95 
-130.35 
-125.98 
-118.10 
-153.19 
-131,11 
-130.20 
.100,30 
-153.79« 
-179.70 
187,82 

(MSEi 
FREQUENCIES 

20.08 0* 
.286HZ 

•118.39 DEGREES 
• 23«0B 
.29«HZ 

•109.78 DEGREES 
.082 SEC 

991,80 DEGoOEG 
28.59 DEGOOEG 
9.2960EGODE0 
7.8#4or,G»OEG 
1.01 0EG*0E6 

loo.00 PCT 
32.51 PCT 
77.57 PCT 
0.90 PCT 

1853 
1850 
185* 
1802 
1*05 
1808 
1871 
1870 
1877 
1880 
1883 
1880 
188* 
1892 
189S 
1898 

1900 
1902 
1900 
1905 
1906 
1907 
1908 
1909 
1910 
1911 

roll analyzed at the remnant frequencies 
FREQ AMPLITUDE 
(HZ) (08) 
.023 .21.25 
.037 -19.02 
•001 .21.91 
.005 -20.02 
.05* -28.20 
•070 -31.57 
•090 -27.50 
•1)9 -25.03 
•100 -21.05 
.182 -33.55« 
•202 -27,00 
•297 -33.03 
•385 -03.71 
.001 -35.96 
.607 -06.33 
.650 -08.92 

ROLL MEAN SQUARE ERROR (MSEI 
MSC ACCOUNTED FOR BY REMNANT FREQUENCIES 
BY LOW FREQUENCIES ONLY 
BY MÏSH FRCiUtNCIES ONLY 

28.59 DEGoOEG 
1.33 0CQODC6 
1.05 DEGoOEG 
•28 0EGO0E6 

100.00 PCT 
0.6$ PCT 
3.66 PCT 
.99 PCT 

1*12 
1913 
1910 
1915 
1916 
1917 
191* 
1919 
1920 
1921 
1922 
1923 
1920 
1925 
1*2* 
1927 

1979 
1931 
1933 
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PINKEO. 10/24/72 

REDUCE0 AMPLITUDE ROLL TRACKINO 

number or 
LAST VARIABLE 

PRINTED ON LINE 

TURN RATE 
PONER 
RUDDER 
ELEVATOR 
AILERON 
NS DEV 
AIRSPEED 
ALTITUDE 
CLIMB RATE 
ROLL 
PITCH 
TAN 

• •MEAN.SO....UNITS 
-.52^ .5* DEO/SEC 

2041.57 48.14 RPR 
•.21 T.I8 PCT RtSHT 
•.52 1,9o PCT FRONT 
6.01 S.10 PCT RIGHT 

•417.IS Znl.BB FEET 
98.01 1.494MPH 

1044.41 28.7] FEET 
62.104 91.56 FT/HIn 

.01 1.50 DEGREES 
4.20 1,28 DEGREES 

•1.054 1.514 DEGREES 

1915 
1917 
1919 
1941 
1941 
1945 
1947 
1949 
1951 
1951 
1955 
1957 

CORRELATION COEFFICIENTS. RII.J) 

.011 
•.600 

.057 

.259 
•.022 
.Ill 
.025 
.102 
.542 

•.OSS 
•.024 

.012 

.015 

.042 

.011 
• .101 
..017 

.165 
• •020 
-.218 

.106 

.086 

.2644 .170 

.171 ,104 >,189 
• .0404 .276 .1014 
•.016 .051 .0214 

.010 .175 .045 

.267 ,115 .509 

.045 ..1594 .010 

.145 ,027 ,204 

.064 
..226 

.114 

.170 
..042 
-.075 

.140 

.549 .167 

.094 .0214 .119 
.,0444 ,,1884..176 
..110 .089 ..051 

..020 
.084 .212 

1958 
1960 
1961 
1967 
1972 
1978 
1988 
1991 
2002 
2012 
2021 

ROLL ANALYZED AT THE ROLL FREQUENCIES 

FREO 
IH21 
.018 
.025 
• Oil 
• 019 
.049 
• 064 
• 080 
• 100 
• 121 
• 158 
.197 
• 248 
• 114 
.196 
.498 
.627 

QAIN 

U.010 
11.961 
9.441 
6.102 
4.542 
4.158 

10.861 
4,685 
1.496 
1.259 
1.7904 
1.4294 
.8514 
.5914 
.5214 
.5844 

MEAN SQUARE FORCINO FUNCTION 
ROLL MEAN SQUARE ERRCft 
MSE ACCOUNTED FOR BY ROLL 

BY LOB FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

LOB FREQUENCY QAIN 
LOB FREQUENCY CROSSOVER 
LOB FREQUENCY PHASE 
HI FREQUENCY QAIN 
HI FREQUENCY crossover 
HI frequency phase 
equivalent time delay 

GAIN 
1081 
22.29 
22.90 
19.50 
15.99 
11.15 
12.184 
20.724 
11.42 
1.504 
2.21 
5.064 
1.104 

•1.404 
•4.564 
•5.614 
•4.684 

PHASE 
(0E8) 
•98.004 

.156.21 
•69.57 
•78.664 

•100,20 
•129,75 
•65.08 

•100.91 
•108.91 
-75.64 

•119,85 
■112.21 
•140.16 
•161,11 
•175,66 
•194.85 

(MSE) 
FREQUENCIES 

17.54 08 
1.76 HZ 

•102.30 DEGREES 
•.30408 

.27#(Z 
•138.60 DEGREES 

.452 SEC 

107.06 DEGAOEG 
12.28 DEG*OEO 
3.S243Í8ADEG 
1.4240EGAOEG 
2.10 OEQADEQ 

100.00 PCT 
78.67 PCT 
U.39GPCT 
17.09 PCT 

2026 
2029 
2012 
2015 
2018 
2041 
2044 
2047 
2050 
2053 
2056 
2059 
2042 
2065 
2068 
2071 

2071 
2075 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2084 

ROLL ANALYZED AT THE REMNANT FREQUENCIES 
FREQ AMPLITUDE 
(HZ) (08) 
.021 -22.91 
.017 .24,42 
.041 -20.30 
.045 .22.65 
•059 .15.76 
•076 -17.64 
.094 .21.004 
•119 -40.25 
•146 .21.81 
.182 -21.554 
•242 .39,82 
•297 .25,14 
• 385 -16,264 
.441 .46.88 
.607 .18.28 
.650 .40.55 

ROLL mean SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR GY REMNANT FREQUENCIES 

BY LOB FREOUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

12.28 OCQAOCQ 100.00 PCT 
1.14 OEOAOCO 9,25 PCT 
.92 DEGAGES 7.51 PCT 
•21 OCQaOEO 1,71 PCT 

20A5 
2086 
2087 
2088 
2089 
2090 
2091 
2091 
2093 
2094 
2095 
2096 
2097 
209G 
2099 
2100 

2102 
2104 
2106 
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PiNNEOi 10/2«/TÎ 

GROUND REE. MANEUVER LEFT CIRCULAR TURN 

NUMBER OF 
LAST VARIABLE 

PRINTED ON LINE 

TURN RATE 
ROVER 
RUDDER 
ELEVATOR 
AILERON 

RADIUS 
MEAD OEV. 
AIRSPEED 
ALTITUDE 
CLIMB RATE 
ROLL 
PITCH 

..MEAN..,,.SD.,..UNITS 
-E.IO* 2.13 0E8/SEC 

2057,AA 10I.ÏA RPm 
■0.37 10.T3 PCT RIGHT 

-6.T8 A.10 PCT Front 
il.ai io.An PCT right 

S92A.ln4A19.10 FEET 
9.664 19.AG4DEGREES 
95.99 A.2l MPH 

10T7.1A 53.35 FEET 
32.71 205.18 FT/MIn 
•6.96 11.61 DEGREES 
A.U 2,7a DEGREES 

2108 
2110 
2112 
211A 
2116 
2118 
2120 
2122 
212A 
2126 
212B 
2130 

CORRELATION COEFFICIENTS. R(I.J) 

,005 

•.631 .2074 
.175 .AA3 .116 
,63A ..0304-.332 

••5A64 .39A4 . AA1 
•.136 .590 ,A2l 
-.050 -.573 -.070 
-.192 ..101 ,188 
-.405 .255 .290 
.928 .051 -,38a 
.205 -, 1A1 -.159 

.147 

.19? -.399 

.137 -.216 
-.1764 -,((62 
-.071 -.252 
.)984-.313 
.075 .541 

-.506 .037 

.3824 
-.231 -.426 
-.205 .Ul .3684 
.373 .256 .321 .435 

-.4884 .057 -.084 -.105 -.377 
-.149 -.065 -.070 -.024 -.488 .316 

2131 
2133 
2136 
2140 
2145 
2151 
2156 
2166 
2175 
2185 
2196 

PINNED. 10/24/72 

GROUND REF. MANEUVER — ALTITUDE AND POSITION TRACKING 

NUMBER OF 
LAST VARIABLE 

PRINTED ON LINE 

TURN RATE 
POKER 
RUDDER 
ELEVATOR 
AILERON 
NS OEV 
AIRSPEED 
ALTITUDE 
CLIMB RATE 
ROLL 
PITCH 
YAK 

..MEAN.SD..,.UNITS 
-.59 1.86 DEG/SEC 

2092.67 133.614 RPM 
3.26 13.52 PCT RIGHT 
-3.754 2,49 PCT FRONT 
4.01 11.38 PCT RIGHT 

76.21 233.38 FEET 
97.11 3,29 MPH 

1059.00 59.474 FEET 
66.154225.71 FT/MIn 
-2.36 8.90 DEGREES 
4.34 2,12 DEGREES 
•2.144 B.3n DEGREES 

2198 
2200 
22x2 
2204 
2206 
2208 
2210 
2212 
■ »14 
2216 
2218 
2220 

CORRELATION COEFFICIENTS. RII.JI 

.106 
-.820 -.022 
-.251 .130 .217 
.720 .130 -.513 

-.4094 .021 .351 
-.160 -.0104 .244 
.015 -.1514 .Oil 

-.013 .564 .078 
.909 .083 -.534 
.105 -.441 -.134 
.029 -.199 . 02 

-.124 
.130 -.356 
.0524-.133 

-.0234-.026 
.188 .030 

-.236 .655 
-.127 ,020 
-.173 .152 

.115 
-.177 ,088 
.004 ,461 

-.3664.,100 
-.062 -.375 
-.301 -.001 

.2464 

.048 -.012 

.208 -.607 

.204 .009 
.102 
.101 .,024 

4 

2221 
2223 
2226 
2230 
2235 
2241 
2248 
2256 
2265 
2275 
2286 

NS OEV ANALYZED AT THE NS DEV FREQUENCIES 

FREQ 
(HZ) 
.004 
.010 
• 016 
.023 
• 027 
.037 
.041 
• 049 

G-'.IN GAIN 
(08) 
V.46 
2.20 

•18,38 
-6.25 
-2.22 
-5.90 
-9.38 

-12.66 

phase 
IOEG) 

•324.68 
•87.99 
-45.99 

-163,38 
-95.23 
-149.88 
-145.04 
-183.99 

2.971 
1.288 
.120 
.487 
.775 
.5074 
.340 

- .233 
MEAN SQUARE FORCING FUNCTION 
NS OEV MEAN SQUARE ERROR (NSE) 
RSE ACCOUNTED FOR BY NS OEV FREQUENCIES 
8Y LON FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

LOP FREQUENCY GAIN « .3.3 
L0» FREQUENCY CROSSOVER .(( 
LOP FREQUENCY PHASE -155.! 
HI FREQUENCY GAIN .t,g 
HI FREQUENCY CROSSOVER ,n 
HI FREQUENCY PHASE -143.S 
EQUIVALENT TIME DELAY 4.13 

60451.86 FT»FT 
54466.98 FT»FT 
35055.93 FT#FI 
27129.41 FTÁFT 
7926.52 FT»FT 

DB 
HZ 
DEGREES 
08 
HZ 
DEGREES 
SEC 

100.00 PCT 
64.36 PCT 
49.81 PCT 
14.55 PCT 

2289 
2292 
2295 
2298 
2301 
2304 
2307 
2310 

2312 
2314 
2316 
2317 
2318 
2319 
2320 
2321 
2322 
2323 
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NS OEV *N»lrïED »T TME »LTITuDE erequencies 
eneo isolítion phase 
'H*> (OH) (OES) 
.00» -.76 *230.20 
.008 2.16 -247.03 
•014 6.13 -209.28 
.020 4.72 -212.68 
.029 3.03 -88.48 
•03S 7,41 -35.70 
• :-45 S.16 -344.02 
.063 -4.44 -282.07 

NS DEV MEAN SQUAME ERROR (MSEI 

MSE ACCOUNTED 2OR BY ALTITUDE FREQUENCIES 
BY LOB FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

lob frequency phase -224.ro 
MIBH FREQUENCY PHASE -243.77 

94466.98 FT«FT 
11159.90 FTbFT 
10105.02 FTbFT 
1054.88 FT»FT 

0E6 
DEB 

100.00 PCT 
20.49 PCT 
18.55 PCT 
1.94 PCT 

2325 
2327 
2329 
2331 
2333 
2335 
2337 
2339 

2341 
2343 
2345 
2346 
234 7 

NS OEV ANALYZED AT THE REMNANT FREQUENCIES 
FREQ AMPLITUDE 
(HZ) <DB> 
.006 .11,94 
.012 .15.84 
.018 .22.24 
.021 .21,59 
.031 -32,17 
•039 -33.41 
.047 -24,78 
•033 .38.35 

NS DEV MEAN SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR BY REMNANT FREQUENCIES 
BY LOB FREQUENCIES ONLY 
BY MIBH FREQUENCIES ONLY 

54466.98 FT«FT 
5857.91 FT.FT 
5610.66 FTtFT 
247.25 FT4FT 

100.00 PCT 
10.75 PCT 
10.30 PCT 

.45 PCT 

23*': 
2349 

235!) 
2351 
2352 
2353 
2354 
2355 

2357 
2359 
2361 

ALTITUDE ANALYZED AT THE NS DEV FREQUENCIES 
FREQ ISOLATION PHASE 
(HZ) (OR) (DEG) 
.004 .15.08« -262.71 
.010 -10,13 -276.44 
•016 -10.71 -292.72 
.023 -17.52« -110.04 
.027 -9,06 -159.05 
•037 -13.28 -155.64 
.041 -20.13« -90.17 
•049 -20.69 -118,23 

ALTITUDE MEAN SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR BY NS DEV FREQUENCIES 
BY LOB FREQUENCIES ONLY 
BY MIBH FREQUENCIES ONLY 
LOB FREQUENCY PHASE -235.45 
MIBH FREQUENCY PHaSE -189.6* 

3537.12 F7#FT 
570.83 FT»FT« 
521.50 FToFT« 
49.33 FT«FT 

DEO 
DÏ2 

100.00 PCT 
16.14 PCT 
14.74 PCT 
1.39 PCT 

2363 
2365 
2367 
2369 
2371 
2373 
2375 
2377 

2379 
2381 
2383 
2384 
2.185 

ALTITUDE ANALYZED AT THE ALTITUDE FREQUENCIES 

FREQ 
(M2) 
.002 
• 008 
.014 
• 020 
.029 
• 035 
• 045 
• 063 

BAIN 

1.082 
1.111 
.762 
.425 
.337 
.092 
.864 

1.944 

phase 
(DEO) 

-359.96 
-150.89 
-150.50« 
-190.53 
-117,70 
•306.50 
-147,37 
-231.19 

Gain 
(08) 
.69 
.91 

-2.36 
-7.44 
-9.44 
-20.72 
-1.27 
5.78 

MEAN SQUARE FORCING FUNCTION 
ALTITUDE mean SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR BY ALTITUDE FREQUENCIES 
BY LOB FREQUENCIES ONLY 
BY MIOH FREQUENCIES ONLY 

lob frequency bain 
lob frequency crossover 
lob frequency phase 
HI FREQUENCY bain 
hi frequency crossover 
HI FREQUENCY PHASE 
EQUIVALENT TIME DELAY 

-2.05 08 
.00 HZ 

-212.97«DEGREES 
-6.42 08 

.05 HZ 
-200.69 DEBREES 

6.868 SEC 

940.55 ET«FT 
3537.12 FT-FT 
1916.45 FT«FT 
1844.97 FT«FT 

71.48 FT-FT 

100.00 PCT 
54.18 PCT 
92.16 PCT 
2.02 PCT 

2388 
2391 
2394 
2397 
2400 
2403 
2406 
2409 

2411 
2413 
2415 
2416 
2417 
2418 
24)9 
2420 
242) 
2422 

ALTITUDE ANALYZED AT THE REMNANT FREQUENCIES 
FREQ AMPLITUDE 
(HZ) (DR) 
.006 -10.78 
.012 -14.85 
.018 -13.18 
.021 -23.27« 
•031 -36.81 
•039 -30.85 
•047 -35.07 
.053 -31 00 

ALTITUDE ME-' SQUARE ERROR (MSE) 
MSE ACCOUNTED FOR BY REMNANT FREQUENCIES 
BY LOB FREQUENCIES ONLY 
BY HIGH FREQUENCIES ONLY 

353).12 FT-FT 
6A5.46 FT#FT 
597.90 FT-FT 

7.56 FT-FT 

100.00 PCT 
17.12 PCT 
16.90 PCT 

.21 PCT 

2423 
2424 
2425 
2426 
2427 
2428 
2429 
2430 

2432 
2434 
2436 
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APPENDIX D. LIST OF THE STATISTICALLY SIGNIFICANT 
VARIABLES FROM EXPERIMENT 2 

The tabular headings across the page are variable number, F value for testing the equality of three 
group means (with 2 and 27 df), significance level, mean value for each group of 105s, mean value for all 
305s, and standard deviation within groups. 
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VARIABLE 

2 
1* 
16 
IB 
20 
8J 
22 
24 
25 
30 

33 
34 
44 
48 
50 
51 
55 
62 
72 
77 

81 
90 
99 

100 
loi 
103 
104 
106 
107 
109 

MO 
112 
113 
115 
120 
121 
124 
125 
126 
127 

i'a 
u 
136 
148 
149 
150 
166 
169 
186 
187 

192 
193 
19* 

205 
206 
208 
209 
213 
214 
218 

222 
223 
224 
226 
230 
234 
242 
256 
257 
260 

F 
STATISTICALLV-SIBNiriCANT 

SIGNIFICANCE s mean 

VARIABLES FROM EXPERIMENT 2 

I MEAN A MEAN MEAN 

4.31 
4.82 
5.96 
4.24 
5.07 
4.29 
4.22 
7.96 
4.70 
4.19 

025 
025 
010 
050 
025 
025 
050 
002 
025 
050 

.999640 
5.272 

BO.631 
245.860 

7.801 
3.872 
2.669 
6.492 

•027028 
•.004018 

.879360 
3.582 

4.,,988 
182.8.70 

6.3 >8 
4.T49 
2.355 
3.360 

-.J8547S 
046207 

.546870 
2.912 

34.038 
157,010 

4,074 
3.620 
1.848 
2.336 

-.046652 
-.024307 

.808623 
3.922 

52.686 
195,230 

6,074 
4,081 
2.291 
4.063 

-.035033 
.005961 

5.32 
4.96 
4.76 
6.20 
4.16 
4.66 
4.80 
7.22 
4.52 
5.22 

025 
025 
025 
010 
050 
025 
025 
005 
025 
025 

•.124395 «.,062*00 
••026789 -.094982 

.105921 -.000634 

.094187 .173212 

.065090 -.077361 
-.122680 .137515 

.110092 ,004369 

.038522 -.075119 
-.073360 .031502 

•080250 .144680 

164640 -.007382 
029163 -.030869 
071792 .059026 
030853 .078849 
028370 .005366 
071105 -.018757 
010820 .041494 
011552 -.008349 
003460 -.012799 
208360 .144130 

3.53 
3.67 
4.31 
3.94 
6.54 
6.50 
6.65 

11.91 
11.36 
10.42 

050 
050 
025 
050 
005 
005 
005 
001 
001 
001 

-.106258 
-.058380 
*126.765 

2.387 
5.812 
1.085 
-.286 

.577230 
-5.611 

.388626 

-.059200 
.030284 

-153.370 
3,286 
9,820 
1.317 
1.954 

.816420 
-2.178 

,482340 

.066143 

.081661 
-108,128 

5.595 
13.614 
1.889 
5.187 

1.173060 
1.122 

.693590 

-.033105 
.017852 

-129.421 
3.756 
9,749 
1.430 
2.285 

.855570 
-2,222 

.521519 

7.47 
11.78 
11.92 
3.73 
3.38 
6.11 

10.41 
9.38 
4.00 
3.52 

005 
001 
001 
050 
050 
010 
001 
001 
050 
050 

-9.263 -6,716 
.328560 .421760 
-9.922 -7,675 
24.255 10.618 
15.818 20.121 
22.228 25.175 
-6.270 -3,654 

.109553 .149180 
•161.840 -157,900 

.674040 ,642350 

-3.330 
.522770 
-5.766 
6.421 

27,931 
27,358 
-.697 

,224440 
•148.330 
.554880 

-6.437 
.424363 
-7.788 
13.765 
21.290 
24,920 
•3.540 

.161050 
-156.023 

.623757 

11.27 
4,84 
5.76 
4.17 
8.01 
4.76 
5.60 
4.09 
4.59 
3.46 

001 
025 
010 
050 
002 
025 
010 
050 
¢15 
050 

•19.105 
-95.210 
-7,568 

.338750 
.628 

•166.810 
-50.648 

•209.677 
•033068 
.564995 

•24.603 
-220,946 

-.489 
2.021515 

2.884 
•231.240 
-59,765 

•236,545 
.052529 

1.049960 

•29.746 
•214.256 
•11.532 
.186526 

.972 
•210.480 
-62.826 

-100 834 
.02*408 
,609350 

-24.485 
-176,804 

-6,529 
.848930 

1.495 
-202.843 
-57.753 

•182.35? 
.035668 
.741*35 

8.21 302 
4.40 
3.56 
6.14 
5.42 
3.87 
3.41 
4.08 
3.38 
4.44 

025 
050 
010 
025 
050 
050 
050 
050 
025 

•150.478 
18,941 
24.931 

.813 
•2.722230 

.419671 
•9,299 

•181,610 
2,628 

1.042880 

•240.860 
32.352 
29,07* 

.920 
•1.048210 

.51485,) 
-6,158 

•171.530 
2.028 

1.116300 

•252,620 
19.858 
25.693 

1.291 
1.949130 
•w*7030 
’4,095 

•1Ü3.020 
1.521 

,745640 

-214,653 
23.717 
26,566 

1.008 
-.607103 

.52718* 
•6,517 

•168,720 
2,059 

.968273 

7,64 
4.08 
4.56 
3.75 
4.02 
4.66 
4.18 
5.70 
4.94 
4.22 

005 
050 
025 
050 
050 
025 
050 
010 
025 
050 

-152,744 
-6.019 

.118442 

.481540 
-23.545 
•44.234 

1.002400 
99,469 
19.409 
7,222 

-189.27o 
-3,910 

.1498*6 

.455210 
•27.834 
-40.565 
.823830^ 
60.8'«r 

•21.390 
5.580 

•190,600 
•1.960 

.191026 
•354700 
-13.617 
-27.200 

>0.431 
*.205 

•177,538 
-3.963 

.153105 

.*30483 
•21,665 
•37,333 

6.150 
5.669 

ïm 

STD.DEv. 

.357310 
1.751 

31.78« 
70.218 
2,637 

.905 

.638 
2.427 

.083361 

.056061 

.208562 

.088243 

.078904 

.13072* 

.114704 

.201738 

.085867 

.069869 

.080721 

.088683 

.150003 

.117003 
34.644 
2.636 
4.823 

.513 
3.373 

.27*789 
3.159 

.153005 

3,444 
.089506 

1.905 
15.271 
10.565 
3.295 
2.732 

.060240 
10.988 

.104096 

5.012 
101.685 

7,370 
1.577313 

1.359 
47.686 
8.469 

112.400 
.023203 
.455635 

61.689 
11.298 
3.698 

.320 
3,2151*1 

.183637 
4.485 

22.699 
.953 

.29*392 

24.577 
3.177 

.053884 

.109297 
11.498 
13.130 

T 
38,071 
33.934 
2.325 
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variable 

2»1 
264 
273 
26« 
294 
303 
3Q4 
323 
338 
3*1 

3*3 
3** 
3*6 
3*7 
348 
3*9 
35o 
35? 
353 
360 

36] 
36? 
364 
376 
389 
408 
*12 
♦ 19 
42? 
423 

*24 
♦25 
*29 
*55 
*57 , 
*69 
♦87 
*88 
500 
5*9 

555 
577 
578 
590 
611 
627 
6*1 
648 
651 
654 

655 
660 
661 
663 
664 
667 
668 
669 
69] 
694 

697 
699 
TO* 
712 
720 
721 
723 
724 
731 
73? 

F 

STATIST!CALCV-SIGNIF1CANT 

SIGNIFICANCE B MEAN 

VARIABLES FROM EXPERIMENT 2 

I MEAN A MEAN MEAN 

5.95 .010 
5.16 .025 
7.14 ,005 
3.50 .050 
7.12 .005 
*.35 ,025 
*.36 .025 
6.60 .005 
6.05 .010 
3.68 ,050 

♦ .5*4 
6.512 

-.139206 
-.006764 

.220089 

.127851 
-.0*7079 
-.1052*5 

1*,56* 
8.305 

5,267 
3,883 

-.001906 
.128328 
.09*655 
.112277 
,0*29*9 

-.025951 
21.408 
11.769 

*.233 
2.851 

.171951 
-.0*5823 
.02513* 
•296912 
.01(402 
.032134 
22.767 
13,465 

*.681 
♦ .*15 

.010280 

.0252*7 

.113293 

.179013 

.002091 
-.033021 

19,58() 
11.180 

5.76 ,010 
♦ i 2* ,025 
5,98 ,010 
*.13 ,050 
3.56 ,050 
9.2* .001 
9.24 .001 
8.36 .002 
8.73 ,002 
3.68 .050 

1.134 
•«095 

.665666 
•5,095 

-150.290 
.*03260 
•8.6** 

.335850 
-9.799 
16,329 

1.33* 
2.321 

.785780 
-2.27* 

-136,750 
.5*319q 
-5,387 

.396980 
•8,081 
21,002 

1.769 
♦ .667 

1.035000 
.12* 

-137,320 
,6566*0 
-3,807 

.*86*80 
•6.398 
29,683 

1.412 
2.298 

.828815 
-2.415 

-1*1,*53 
.534363 
-5.946 

.*06437 
-8.093 
22,338 

*.68 .025 
3,61 .050 
6.92 ,005 
5.43 .025 
*.96 ,025 
*.08 ,050 
*.33 .025 
3.80 .050 
*.0* .050 
6.10 ,010 

21.984 
.246953 
•5,908 
•9,914 

.712 
-33.536 
-20.058 

-1S7.110 
.987050 

8.885 

27.237 
.330300 
•3.355 
-3.186 
2.631 

-33.939 
•26,721 

•256.039 
.*86550 

6.394 

26,935 
.832210 
*1,354 

-12.230 
.665 

-38,300 
•29.588 

-255,?5o 
.322340 

5,333 

25.385 
.*03154 
-3.539 
•8.444 

1.336 
•35,258 
-25,#56 

•222,800 
.598647 

6,871 

*.02 .050 
6.26 ,010 
6.47 .olo 
6.15 ,010 
6.09 ,010 
5.42 .025 
*•68 ,025 
*.36 .025 
3.53 ,050 
*.79 .025 

.957110 
8,490 

•206.080 
♦0.497 
30.402 

-26.394 
•1.9*3 
4,936 
5.775 

-.058129 

.**7730 
5.816 

-276.420 
*4,083 
31.453 

•19.266 
-5,426 
6,526 
3.810 

-.147780 

.294610 
*.856 

-250.960 
53,126 
6-.327 

•20,859 
-2.597 
3.280 
2.668 

•064203 

.566483 
6,387 

-2*4,487 
*5,902 
34.727 

-22.173 
-3.322 
*.91* 
*.08* 

-.0*723! 
?•♦* .050 
*.♦♦ .025 
6.75 .005 
3.40 .050 
3.48 .050 
«.98 .025 
*.26 ,025 
6.3* ,010 
3.95 ,050 
3.79 ,050 

.03*1*5 
•2,475 
4.750 

11.257 
.276876 
.769390 

-.*53170 
-.559290 
379.200 
•*»8*0 

.1020*3 
-6,954 
8,251 

11,204 
.038365 
.480830 

-.538190 
-.459660 
304,662 
•8,344 

-.2943*3 
•3.42* 
♦ .37* 
6.2*1 

.09862* 

.656810 
-.262992 
-.♦97030 
234,450 
*5,284 

-.052718 
•4.284 
5,792 
9,567 

.137955 

.635677 
-.*18117 
-.505327 

306.10* 
•6.156 

5.18 ,025 
3.50 ,050 

12.84 ,001 
*,66 «025 
7.06 .005 
♦.71 .025 

11.77 .001 
4.31 ,025 
8.82 ,001 
5.57 .010 

5t 017 7,421 
90.020 87,683 
12.167 7.488 

134.372 68,09* 
107.037 2,981 

7.069 4,590 
5.586 7.273 
3,750 2,7(.4 

.385272 .095280 

.167135 -.261128 

♦.♦♦8 5.629 
8*.266 87.323 
6.325 8,667 

54,868 «5,778 
33,180 -22.959 
2.927 4,862 
7.378 6,812 
2.165 2.893 

076791 .185781 
118506 -.070633 

♦.♦* ,025 
8.** .002 
*.63 ,025 
5.70 .010 
4.17 .050 
6.31 .010 
5.80 .010 
*.86 ,025 
4.52 .025 
*.17 .050 

-.215091 
-.537105 

.237085 

.0*6517 
-.138924 
-.378760 
-.561000 

.3611*6 

.400860 
-.128893 

-.080901 
-.106922 

.010*32 

.3*2819 
-.436360 
-.13359* 
-.192522 

.112138 

.20*162 
-.203062 

.02*759 
-.09998* 
.1*0863 
.2*4127 

-.39*110 
-.199885 
-.2*1592 

.115*60 

.183112 

.127874 

-.090411 
-.2*600* 

.129*67 

.211154 
-.323131 
-.237413 
-.331705 

.196248 

.262711 
-.068027 

STO.DEv. 

.687 
2.628 

.184490 

.154536 

.117071 

.155329 
•969028 
.084856 

5.653 
*.33* 

.428 
3.657 

.2*3611 
4.065 

12.835 
.132016 

2.566 
.082872 

1,820 
11.166 

4.311 
.337*07 

2.7*4 
6.376 
1.593 
4.13* 
7,431 

92,297 
.544755 

2.33* 

.5*7330 
2.379 

*4.263 
8.297 
8.459 
5.082 
2.708 
2.458 
2.6*5 

.153765 

.3613*2 
3.5*2 
2.603 
4,9*5 

.210092 
,195997 
.216009 
.063226 
115.169 

3.098 

2.193 
4.895 
2.739 

62.391 
88,7*0 
3.037 

.989 
1.220 

.18*191 

.292277 

.180**2 

.272511 

.167169 

.199859 

.2*9230 

.159618 

.262623 

.20*823 

.176553 

.268776 
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variable F 

STATlSTICALlY-SlONiriCANT 

SIGNIFICANCE B MIAN 

VARIABLES FROM EXPERIMENT 2 

I mean a mean mean 

T39 
7*3 
?♦* 
7*5 
7*B 
752 
757 
75* 
7*5 
789 

7.IO 
3.31 
5.26 
*.♦4 
3.90 
*.19 
7.B5 
5,5* 
*.*2 
3.53 

005 
050 
025 
025 
050 
050 
002 
010 
025 
050 

1.056 
9,837 

•10.201 
7.373 

406.928 
1120. 

10.857 
3.785 

.00194* 

.430530 

1.709 
8,151 

•14,198 
8.665 

167,9*8 
1101. 
9.252 
2,807 

.277350 

.2*5706 

.960 
3.867 

•7.376 
4.935 

380.516 
920, 

4.83* 
2.053 

.338515 

.095276 

1,508 
7,285 

-10.592 
6.991 

318,464 
10*7. 
8,31* 
1.882 

.206003 

.257171 

805 4,33 
806 *.*6 
816 5.72 
82* 3,75 
827 3,44 
83* 10.81 
8*2 *.11 
84* 3,48 
852 3,93 
856 4.46 

025 
025 
010 
050 
050 
001 
050 
050 
050 
025 

.387703 
-,2*5*75 

1.967 
13.652 
71.69* 
9.459 

-.239*79 
.085*70 
.233*33 
.111310 

,277*75 
-.178530 

1.176 
8.001 

80.5*1 
5,939 

.031376 

.367478 
-.056908 

.263319 

.00*000 

.659676 
.935 

8,080 
76.781 
3.103 

-.02*253 
;21519S 

-.080769 
.♦»7100 

.223059 
-.121**3 

1.359 
9.911 

76.339 
6.167 

-.077*52 
.22271* 
•031919 
.290576 

905 *.55 
906 5.20 
912 *.01 
915 4,78 
917 3.36 
922 8.63 
92* 3.86 
926 4.25 
9*8 3,9* 
959 5.38 

025 
025 
050 
025 
050 
002 
050 
025 
050 
025 

-.537170 
1.353 
3.070 

102.898 
907.290 

8.901 
3.279 

12,986 
• 063*99 
.8SI190 

-.3775** 
1.096 
2,162 

111.3*0 
673,160 

6.58* 
2.341 

10.592 
.271872 
.8025*0 

-.502630 
.578 

1.811 
102.307 
904.180 

3.249 
1.692 
4.061 

.0*5534 

.563230 

-.472448 
1.009 
2,348 

105.515 
828.210 

6,245 
2.437 
9.213 

.084636 

.740320 

968 
995 

1009 
1010 
1012 
1022 
1024 
1026 
1028 
1030 

3.42 
3.68 
4.89 
3.74 
4.66 
8.45 
5.58 
3.38 
3.44 
4.42 

050 
050 
025 
050 
025 
002 
010 
050 
050 
025 

.235903 
-.224337 
-.*95*40 

1.384 
95.115 
6.121 

80.978 
230.120 

10.825 
2.784 

.0*0*53 

.006693 
-.451220 

1.103 
50.070 
4.139 

♦4.507 
170.990 

8.858 
2.255 

-.044664 
-.015597 
-.493570 

1.008 
33.937 
2.454 

29,991 
125.201 

7.635 
1.662 

.077231 
-.077747 
-,480077 

1,165 
59,707 
4.238 

51,825 
175,437 

9.106 
2.233 

1032 5,05 
1041 8.10 
10SÏ 4.03 
1052 5.03 
1075 4.50 
1076 3.95 
1082 3.66 
108* 13.36 
1108 3.81 
1109 5.6* 

025 
002 
050 
025 
025 
050 
050 
001 
'jit 
oio 

5.382 
.111522 

-.023515 
.083696 

-.018653 
-.035073 
-,0 -3985 
-.459**0 

5.989 
1«<*66 

4.111 
.344720 
.082*02 
.032532 
.009285 
.000226 
.012*61 

-.328*90 
8.023 

17.357 

2.609 
.47*770 
.16835* 

-.0083*7 
.074157 
.082629 
.05*545 

-.176699 
10.702 
20.091 

4.034 
.310337 
.0757*7 
•035960 
.021596 
.009261 
.017007 

-.3215*3 
8,238 

17.305 

1115 
1117 
1118 
1120 
1121 
1123 
112« 
1126 
1127 
1129 

3.96 
6.67 
6,07 
5.58 
7.12 
3.42 
6.00 
7.63 
7.33 
5.87 

050 
005 
010 
010 
005 
050 
010 
005 
005 
010 

7.863 
2,423 
6.637 
1.612 
3.485 
1.2S0 
1,621 
1.027 
-•3*6 

.7*3*10 

10,8*7 
2.701 
8,003 
2.337 
6,397 
2,207 
5,587 
1.262 
1.450 

.979010 

13.053 
4.233 

12.154 
3.028 
9.362 
2.207 
6.710 
1.793 
4.803 

1.219210 

10.568 
3.119 
8.931 
2.326 
6.415 
1.898 
4,639 
1.361 
1.969 

.9805*3 

1130 
1132 
1133 
1135 
1136 
1138 
1139 
U*1 
1142 
1144 

6.39 
5.66 
6,29 
5.38 
6.41 
4,98 
6.00 
4.41 
5.50 
6.13 

010 
010 
010 
025 
010 
025 
010 
025 
010 
010 

•3.254410 
.584790 
-5.1*7 

.458720 
-7,49« 

.371850 
-9.191 

,33*530 
•10.038 
.326*20 

-.755629 
.770000 
•2.881 

.615*00 
-«,728 

.479970 
•6.939 

,430030 
-7,718 

.425390 

1.586260 
.932980 

-.711 
.737680 
•2,778 

.587210 
-4.753 

.489020 
-6,312 

.465570 

-.807926 
.762590 
•2.913 

.603933 
•5.000 

.479677 
•6.961 

.417860 
•8,022 

.405793 

STD.DEV. 

.571 
5.197 
4.728 
2.844 

2Õ9.696 
170. ' 

3.521 
1.167 

.269657 

.282628 

.300180 

.2402*2 
.713 

5.291 
7.571 
3.063 

.223195 

.239285 

.278865 

.290912 

.124506 
.547 

1.026 
7,310 

231.803 
3.058 
1.285 
7.082 

.272641 

.212193 

,2*. 595* 
.210046 
.03575* 

.320 
46.451 

1.997 
35.173 
90.493 
2.744 

.84* 

1.954 
.204553 
.15130* 
•065029 
.071006 
.078753 
.075092 
.122402 

3.827 
3.74* 

4.140 
1.193 
3.688 

.948 
3.483 

.915 
3.452 
.♦♦9 

3.053 
.310472 

3.02813* 
.231578 

2.797 
.19065* 

2.960 
.152637 

2.864 
.117381 

2.537 
.091438 
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variable r 
STATIsnCAlU-SlBNIFICANT VARIABLES FROM EXPERIMENT 2 

SIGNIFICANCE B MEAN 1 MEAN A MEAN MEAN STO.DEv. 

HAS 7.AS .«OS 
IUT A.39 ,025 
IU9 4,30 .025 
USO 5.32 ,025 
1152 3,84 .050 
1153 3.39 ,050 
1154 5,46 .025 
1156 6,89 ,005 
1»S7 5,99 .010 
1170 3.78 ,050 

•9,947 
86,437 
57.247 
36.830 
29,938 
13.904 
123817 
-5.475 
146422 
37.401 

-7.695 
51.681 
26.614 
28,677 
33.546 
16.589 

.176070 
•2.960 

.200620 
-31.553 

*6.724 
35.872 
U.515 
19.917 
♦2.758 
18.772 
225500 
•1.022 
250740 
30,961 

•8,122 
57,997 
31.792 
28,808 
35.414 
16,422 

.175129 
•3.152 

.199261 
•33,305 

1.890 
39.050 
35.534 
11.640 
10.668 
4.188 

Õ68833 
2,690 

067426 
5,790 

1173 
1174 
1175 
liai 
1182 
1195 
1197 
12Ò3 
1295 
1209 

4.64 
7.41 
3.96 
3.98 
5.67 
6.38 
5.;a 
3.99 
4,51 
7.38 

.025 

.005 

.050 

.050 

.010 

.010 

.010 

.050 

.025 

.005 

•45.703 -41.314 
•54,996 -44,902 
•52.551 -45,393 
.375465 .507990 

■•583550 ^.476080 
6.186 3,941 

75.357 45,220 
3.606 2,721 
6.971 5,301 

-.060928 -,151627 

38.255 -41,757 
■45,917 -48,605 
■45.074 -47,673 
882650 .588702 
553240 -.537-13 
3,203 4,444 

35,261 51,946 
2.331 2.886 
3.882 5.385 

058979 -.090511 

5,496 
6.456 
6,720 

.$16796 

.073571 
1.944 

27.960 
1.0S® 
2.300 

.061640 

1215 3.85 .050 
123Í 5.26 ,025 
1245 5,98 ,010 
1247 3,40 .050 
1261 5.01 .025 
1262 3,65 ,050 
1266 3.87 .050 
1278 3,94 ,050 
1279 6.SC ,005 
1284 7.17 ,005 

-.048087 -.116449 
.056660 -.011996 

-.071550 -.145937 
-.041173 -.111872 
-.315350 -.370110 
-.107872 .068057 

.026486 ,090169 
5,290 13,216 

13.921 19,914 
4.409 4,164 

-.009492 -,058009 
-.062369 ,000765 
-.046104 -.087863 
-.076707 -.076584 
-.♦67740 -,384400 

.003126 -,012230 
-.051090 ,021855 

18.001 11.169 
22.267 18.701 
9.600 6.058 

.007286 

.069928 

.067076 

.060580 

.109109 

.147320 

.113771 
8,273 
5,306 
3.6a6 

1285 6,14 ,010 
1290 5.77 ,010 
1291 6.16 .010 
1293 4.74 ,025 
1294 8.35 ,002 
1306 4,67 ,025 
1311 11.30 .001 
1312 11,19 .001 
1314 8.34 ,002 
1315 8,03 .002 

11.558 
1.907 
4.221 
1.675 
3.406 

-4,548 
.314600 
•10.844 
,334350 
-9.88/ 

11.509 
2,899 
8.558 
2.031 
5.722 

*1.179 
.438920 
-7,457 

.401730 
-8.113 

18.266 
3.828 

10.998 
♦ .395 

11.154 
-.387 

572860 
-4.949 
»16470 
-5.923 

13,778 
2.878 
7.925 
2.700 
6.761 

•2.038 
442127 
-7,750 
417517 
-7,975 

4.959 
1.265 
4.373 
2.147 
4.351 
3.235 

121480 
2.797 

100857 
2,216 

1317 5.71 ,010 
1318 3.91 ,050 
1320 3.96 .050 
1322 4,36 .025 
1325 3.53 .050 
1326 8,35 .002 
1327 4.25 .025 
1329 6.79 ,005 
1330 .4,87 ,025 
1334 7,82 .002 

.310549 
•11.112 
35.217 
27,517 
5.152 

10.885 
.150638 
•5.735 

.149987 
172.240 

.375610 
-8.646 
21.031 
12.069 
8.345 

14,173 
.185850 
•3.385 

.186390 
205,088 

.♦63790 
•6,946 
13,549 
6.027 
8,238 

17,427 
.392960 
-1.494 

.236980 
109,855 

.383316 
•8,902 
23,265 
15.204 
7.245 

14.162 
.243149 
•3,538 

.191119 
162.394 

101762 
3.349 

17,482 
16,786 
3.051 
3,580 

200785 
2,579 

Ò62S9S 
54,688 

1335 5.75 .010 
1344 3.62 ,050 
1364 3.78 ,050 
1384 7.23 ,005 
1392 7.31 .005 
1395 3.54 .050 
1396 5.82 ,010 
1397 7,33 .005 
1399 5,80 .010 
UOl 3,40 .050 

•11.621 
142.151 
110.723 
151.173 
ï 17.001 

3.928 
116.519 

1.112 
-.079 
-.118 

-15,384 
217,056 
100,569 
298,097 
•34,987 

6.487 
-66,697 

6,774 
3,850 
4,925 

-21.275 
118.060 
199,990 
327,490 
-32.343 

11.297 
•80,012 

10,835 
10,663 
7.780 

•16.094 
159,089 
137.094 
258.920 
•61.710 

7,237 
-87,743 

6,241 
4,811 
4,196 

6.417 
85,610 
89,022 

111.063 
56,817 
6.288 

33.819 
5.703 
7.139 
6.858 

14Õ3 5.31 .025 
1417 3,55 .050 
I486 4.45 ,025 
1429 4.17 .050 
i*3l *.39 .025 
1436 4.96 .025 
1443 3,79 ,050 
1*44 6.06 .010 
1*52 4.81 .025 
1454 5.56 .010 

•3.440 3,071 
-21,787 -24,784 
•45.064 -41,747 

12.174 5,871 
11.420 5.261 

-94.195 -151.009 
•22.354 -25.529 
'151.079 -205,033 
'107,197 -104,792 
235.180 -141.220 

0.612 2.081 
-27,717 -24,763 
•38.260 -41.697 

3.843 7.296 
2.060 6,587 

242,856 -162,687 
-30,915 -26,266 
•03.126 -140.010 
'217,955 -143,315 
133.765 -170.055 

6.997 
4,977 
5.117 
6,725 
6,513 

106.260 
7,033 

92.512 
93.20« 
75,833 
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variable F 

STATISTICALLV-SIONiriCANT VARIABLES 

SIONIFICANCE B MEAN I MEAN 

FROM EXPERIMENT 2 

A MEAN MEAN 

I*8S A.12 .050 
ISQS A.20 .050 
1509 3.77 .050 
1511 A.60 .025 
1512 A.oS .050 
1S1A 7.7A ,005 
ISIS 7.8A .002 
1532 3,73 .050 
1533 3.A8 .050 
1539 A.AA ,025 

1A.2A7 
■6A8A20 
-A.395 

.39118A 
-9.A81 

.302660 
-11.53A 
-6,175 

.162609 
183.1A0 

17.22A 
.751980 
•2.527 

.531960 
-0,696 

.A2Q3A0 
-7,680 
•A,168 

.189110 
278,660 

21.815 
.926960 
-1.051 

.63A810 
"A,527 

.5A89A0 
-5.602 
-2,633 

,232670 
2A9.570 

17,762 
,775787 
-2,658 

.519985 
-6.568 

.A239B0 
-8,272 
-A,325 

, 19A796 
237,123 

1602 3.77 ,050 
1606 10.71 .001 
1612 3.A7 .050 
1621 3,53 .050 
1630 3.93 .050 
1632 3,89 ,050 
1637 A,08 .050 
16A0 6.8A ,005 
16A8 3,92 .050 
1658 A,03 ,050 

•18.785 
-18,A38 
-16.A79 
23A.200 

7.2A6 
7.133 

267,360 
•15,A68 
-11,985 
-21.905 

-2A,8i 7 
-17,6-1 
-20,681 
199,960 

2,768 
2,635 

239,160 
-13,539 
-16.257 
-17.706 

-26.176 
•26,685 
•22,932 
183,666 

1.615 
1.360 

261,290 
-26,772 
•20,280 
-25,378 

•23,263 
•20.921 
-19,966 
205,928 

3.810 
3,709 

269,263 
-17.926 
-15.508 
-21.663 

1667 6,56 ,025 
1693 3,67 .050 
1695 7,89 ,002 
17Ó6 5,33 ,025 
1713 5,10 .025 
1716 5,35 .025 
1719 6,70 .005 
1725 8,26 ,002 
1726 3,52 .050 
1727 6,30 .025 

•201.090 -215,656 
.712070 .780650 

-133.160 -98,166 
•157,090 -106,787 
-213,370 -167,930 
-229,150 -167,102 
•231.690 -180.801 
-225.660 -188.220 

17.819 11,896 
60.607 62,978 

-115,370 -177,372 
1.071650 .856657 
•113.208 -116,831 
-122,681 -128,119 
-161,930 -181,077 
•186,350 -196,336 
-206,370 -205,556 
-209,260 -207.707 

8.763 12,819 
56,696 66.696 

1729 3,65 .050 
1737 7,66 .005 
1738 6,52 ,005 
)761 6,80 .025 
1773 3,61 ,050 
1776 6,oS .050 
1780 6,13 ,050 
1786 6,22 ,050 
1793 6,01 .050 
1806 3,96 .050 

36,680 
196,760 
.751890 
,6i$?90 
100,166 
56.060 
8,333 
6,676 

.136787 

.009359 

39,363 
160,630 
.529100 
,665910 
103.350 
61,997 
6.293 
3,226 

,360861 
.037663 

50.360 
168,220 
.596170 
.687220 
101,069 
33,525 
6,955 
2.257 

.618120 

.032833 

62.056 
175,130 
.625053 
.672973 
101.528 
63.187 
6.527 
3,318 

,297916 
.020379 

1821 3.41 .050 
1830 P.19 ,050 
1832 6,35 ,010 
1837 3,96 .050 
1839 7,10 .005 
1840 4,79 ,025 
1842 4,15 ,050 
1850 3,90 .050 
1367 3,53 ,050 
1870 6.58 .025 

,805470 .584100 
,080772 ,121436 

-.052592 .050763 
.059112 .085934 
.084075 .193720 

-.009659 .023656 
.314995 .125781 

-.043085 .036987 
10.520 12.510 
7,611 10.873 

574022 .654531 
005674 .069294 
066964 .021712 
178344 ,107797 
082844 .120213 
002382 .003939 
159677 .200151 
097268 .030390 
15.141 12,724 
12,652 10.179 

1876 4,35 .025 
1882 5,74 ,010 
1884 3,74 ,050 
1885 4,37 ,025 
1890 5,97 ,010 
1891 7,43 ,005 
1892 4,46 .025 
1893 6,56 ,005 
1894 5,90 .010 
1806 10.46 ,001 

1.746 
-2.245277 

.618700 
•4.847 

.390970 
-8,885 

•185.650 
.357120 
•9,862 

.355250 

5,661 
2.044780 

,843830 
-2,391 

.561460 
•5.192 

-156,310 
.465820 
•6,746 

.457570 

7.500 
2.]S81SS 

.473540 
-.385 

.600590 
•4.634 

-164,260 
.429600 
•5,594 

.559650 

4,969 
.852552 
.812023 
*2,541 

.517673 
-6,237 

-168.740 
.450847 
-7,407 

.457490 

1697 11,88 ,001 
1899 5,24 .025 
19Ò1 5,05 ,025 
1906 3,61 ,050 
19Q8 7,28 ,005 
1909 5,48 ,025 
1921 3,37 .050 
1934 4,53 .025 
1947 3,85 ,050 
1950 3,55 ,050 

•9,267 -6.894 
50.251 21.472 
47.459 19,382 

.158429 .213960 
•4,926 -2.060 

.149069 .207822 
•34,600 -29,471 

-.484460 -,450670 
4.240 3.890 

36,719 -4,175 

-5.213 -7,125 
12,556 28.093 
10,634 £5,825 
269820 ,214070 
-.468 -2,485 

267310 .208067 
28,514 -30.862 
487630 -.474253 
2.322 3,484 

41,,-.94 24,613 
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STO.OEv. 

5,940 
.217292 

2.729 
.180521 

4.069 
.140000 

3,399 
2.910 

.059972 
73,497 

6.414 
4.839 
5.528 

43.453 
4.867 
4,664 

24,603 
7,260 
6,843 
6.049 

80.377 
.323923 
19.762 
36.444 
39,398 
43,180 
30.997 
20.659 
7.767 

13.353 

12.456 
22.126 

.141898 

.033828 
2.813 

16.200 
2.646 
1.711 

.231215 

.041207 

.223996 
,090683 
.081389 
.099427 
.075574 
.025477 
.156658 
.112744 

3.901 
3.779 

4.457 
3.573461 

.293610 
3,362 

.144273 
2.679 

22.711 
.107711 

2.889 
.099950 

1.869 
27.216 
27.080 

.092676 
2.649 

.079892 
5.641 

.030420 
1.647 

42.010 
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STAT 1STJC*U.Y"SI8NIFICANT VARIABLES FRCH EXPERIMENT 2 

VARIABLE F SI0NIFICANCE B MEAN I MEAN A MEAN MEAN 

1956 4.12 .050 
1957 4,48 .029 
1966 4,37 .023 
1975 4,38 .029 
1977 5.55 .010 
1963 4.43 .029 
2001 4,07 .090 
2006 3.69 .090 
2009 9.69 .010 
2010 4,39 .029 

•1.651210 1.139849 
3.667 3.101 

-.149823 .056273 
-.029901 .164266 

.150489 .041910 

.104619 -.009727 

.019401 .088334 

.024324 .006092 
-.415650 -.350663 

.027915 ,135646 

1.182480 -.565947 2 
1.799 2.856 

.162595 .024335 

.071756 .070040 

.047450 .079950 
,037626 .044173 
.037110 .046288 

-.066177 -.012587 
-.213401 -.326971 

.146416 .103326 

2026 3.98 .050 
2037' 4.60 .029 
204l* 4,60 .029 
2043 4,24 .090 
2049 4,91 .025 
2094 7,90 .002 
2055 9.22 .091 
2057 10.2« .001 
2058 14.76 .001 
2060 13.14 .001 

168.378 
170.550 

7.384 
4.644 
-.161 

.623910 
-4.986 

.461900 
-7.367 

.348780 

166,003 
102.627 

11.922 
6,078 
4,609 

.862690 
-1.405 

.732290 
-2.813 

.916630 

.88.767 
-127.273 

12.133 
10.936 
4,833 

1,204940 
1.061 

,846300 
-1.704 

.664420 

141.096 
133,483 
10.347 
7.086 
3.094 

,897047 
-1,777 

.680163 
-3.961 

.909943 

2061 12.25 .001 
2063 6.71 .009 
2064 6.76 .005 
2066 12.13 >001 
2067 12,02 .001 
2069 8.61 .002 
2070 8,90 .002 
2072 9.36 .029 
2074 6.26 .010 
2075 4,48 .025 

10.169 
314520 
10.734 
279190 
11,566 
305750 

•10.459 
14.347 
9.736 

29.186 

•5.888 
367100 
•8.413 
367560 
-8,846 
374500 
■8.700 
8,172 
3,893 

15.496 

-3,697 
502480 
-6,256 
466550 
-6,738 

,45498o 
-7.031 
6.569 
2.426 

14.007 

•6.985 
401367 
-8,468 
371100 
•9.050 
,376410 
-8.730 
9.696 
5.352 

18.231 

2081 12.31 .001 
208; 6,11 .002 
2091 4,27 ,029 
2094 3.40 .050 
2096 4,96 .029 
2107 4.87 .025 
2117 8.22 ,002 
2119 5,81 .010 
2120 6.48 .010 
2133 7.17 .005 

•7.171 -3.840 
.110171 .176860 
•29,509 -23,055 
-27.562 -34,614 
-38.5?3 -33,723 
•1.738 -1,179 

7189, 9507, 
33,930 122,459 
31,424 93,466 

-,286785 ..251075 

•2,152 -4.387 
,215300 .167444 
•24,803 -25.789 
•25,817 -29,331 
•30.412 -34,236 
-1.717 -1.549 

6822, 7839. 
•51,200 35.063 
23,971 36.287 

.022317 ..171848 

2138 3.39 .050 
2141 9,56 ,010 
2142 9.37 .025 
2151 4,83 .025 
2155 4,03 .090 
2166 4.37 ,025 
2170 4,o7 .050 
216i 4,23 .050 
22Q0 3,36 .090 
2203 3,96 .050 

.024124 

.319165 

.191693 

.186263 

.184360 

.902510 

.279173 

.280066 
62.642 
•1.974 

•.020958 
-.034911 

.106788 
..073965 
-.030375 

.628960 

.021236 
-.045746 

23,113 
-5,852 

-.190290 
-.311170 

.109793 
•1?2201 
.124211 
,422300 
.182274 

-.319933 
49.280 
•2.017 

-.078457 
-.220415 

.055629 

.101631 

.092732 

.517790 
,160894 

-.215248 
45,012 
-3.181 

2212 4,44 ,025 
2213 4,39 .025 
2219 3,36 .090 
2231 9,73 .010 
2237 9,00 .025 
2239 3.69 .050 
2263 6.63 .005 
2245 9,01 .001 
2248 9,73 .001 
2256 3.69 .050 

150.475 
59.575 
-1,648 

-.363100 
-.627820 
-.166403 
-.096206 

.000209 

.245434 

. 1l8o*8 

85,823 

17,900 
-.059 

-,606710 
-.945440 
-.270197 
-.968220 
-,145178 

.570560 

.261924 

64,363 
51,753 
-1.560 

-.387790 
-.567293 
•.066418 
..148504 

.066735 

.292721 

.223208 

100.220 
43,076 
-1.069 

-.453200 
-.713518 
-.167673 
-.270977 
-.026076 

.339572 

.201060 

2262 4.03 .050 
2302 3.59 , OSO 
2362 4.19 .090 
2368 3,70 .050 
2374 4.44 .025 
2378 5,24 .025 
2380 9,22 .025 
2394 8.11 ,002 
2418 8.95 ,001 
2426 4,04 .050 

-.334430 -.541760 
,339760 .601510 
-2.621 -9.598 

-10.586 -14,278 
•10.601 -11,685 

6060. 1533. 
5894, 1420. 

-149,046 -211.420 
-158.450 -191,390 
-26.325 -19,647 

.312208 -.396133 

.319730 .420333 
•10.268 -7.496 
•20,389 -15,083 
•19,936 -12,741 

881. 2829. 
835, 2716. 

111.642 -157,369 
133,207 -161.016 
-20,792 -22.255 

77 

STO.DEV. 

.324387 
1.430 

.236917 

.143737 

.082083 
,086295 
.096099 
.080618 
.136939 
,098937 

75.661 
50,689 

3.730 
4.721 
4.028 

.328304 
3.167 

.194943 
2.470 

.137760 

2,974 
.119732 

2.723 
.085088 

2.208 
.080502 

1.860 
5.611 
4.878 
9.064 

2,302 
.059058 

5.111 
7.984 
5.827 

.454 
1606. 

113.895 
19.049 

.199689 

.166336 

.215533 

.254526 

.218437 

.174461 

.197302 

.204247 

.227883 
34.711 

3.254 

67.259 
33.429 

1.541 
.178719 
.287224 
.167810 
.317811 
.114199 
.203942 
.122616 

.199321 

.262561 
6.540 
8.133 
4,231 
3895. 
3829. 

55.984 
30.848 
5.620 


