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I. BACKGROUND 

Introduction 

Since the Arab oil boycott, the Air Force has significantly reduced 

its fuel consumption from 155 million barrels in 19/3 to an estimated 10< 

million barrels in 1976. This reduction has been achieved primarily by a 

conconunitant reduction in flying time. 

One potential area of opportunity for obtaining additional fuel saving 

is through the extended use of flight simulators in flying training. If 

simulator time can be substituted for flying time, both during the initial 

training and later during maintenance training phases, then significant fuel 

saving might be achieved. The greater use of flying simulators in training 

is, however, contingent upon the development of advanced simulation techni¬ 

ques. 

Similar saving might be rerlized by devising more fuel efficient flying 

training programs. This could be accomplished, for example, by substituting 

flying time in more fuel efficient aircraft for time in aircraft with high 

fuel consumption rates. Of course, simple reductions in flying time during 

initial training could also produce significant fuel savings. These savings 

might be realized by developing flying training programs that incorporate 

fixed criteria for completion instead of the fixed instruction time concept 

presently used, or by using adaptive or self-paced instruction programs. 

These types of instructional programs are dependent upon the availability 

of adequate student performance measures. 

Performance Measurement in Flying Training 

Performance measures serve two major functions in training. First, 

they provided the instructor, be it man or machine, with the information 



necessary tor the guidance of the student training program. Typical examples 

of this use of performance measures are provided by Ping and Gill (li)Tb) and 

Brown, Waag, and Eddowes 1.197:,), where performance measures are used in an auto¬ 

mated adaptive training system for training pilots the proper execution of 

ground controlled approaches (GCA's). The performance measures in these cases 

are used to control the difficulty level of the next training block as a function 

of the student's past performance. 

Performance measures also serve as a source of feedback for the student, 

thus indicating the areas in which his performance is inadequate, and often sug¬ 

gesting the type of adjustments the student must make in order to improve. 

Another important use of performance measurements is in research on and 

the evaluation of training innovations. Generally for a training innovation 

to be deemed effective it must either result in higher levels of trainee perfor¬ 

mance for the same training cost or a reduction in the training cost necessary 

for an average student to reach a criterian performance level or both. The 

absence of adequate performance measures has often lead to uncertainty and con¬ 

flict between authorities regarding the desirability of certain instructional 

features. 

Desirable Qualities for Performance Measures 

In the development of performance measurement systems, it is necessary to 

recognite that performance measures should have certain qualities. The rela¬ 

tive importance of these qualities are, however, a function of the intended 

use of the measurement system. For example, temporal invariance may be espe¬ 

cially important in training innovations evaluation, but of lesser importance 

when the performance measures are used as a source of feedback in actual train¬ 

ing programs. This list of desirable performance measurement qualities is 
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neither meant to be exclusive or exhaustive, but is offered only as a sample 

of several qualities performance measures should possess. 

i) Temporal Invariance or Repeatability: This simply suggests that 

a specified score today represents the same level of performance 

as it did at a previous time. Objective performance measures on 

absolute scales generally possess this quality. 

One example of a performance measure with high temporal in¬ 

variance is typing speed. A rate of say 55 words per minute today 

represents about the same level of performance today as it did five 

years ago. A counter example would be student gpa's. Because of 

"grade inflation" it is quite likely that a 3.00 gps today does not 

represent the same level of achievement as it did several years ago. 

Because of this temporal variance it is difficult to compare the 
• 

performance of today's student with that of his predecessor. 

Criteria Based: Although they are not always explicitly stated, 

most tastes involving training have specific criteria that must be 

met for their satisfactory performance. Performance measures 

should reflect the degree to which these criteria are met by the 

trainee's performance. Moreover, improvements in performance due 

to practice should be reflected by the performance measures. 

Interpretability: Performance measures, especially those used in 

actual training as opposed to those used exclusively for evaluation, 

should be easily interpreted by both the instructor and student. If 

they are not, they they cannot be used to show the student how to 

improve his performance as well as reflect his level of improvement. 

Immediately Available: Additionally, if performance measures are 

to serve as an effective source of feedback, they they must be avail' 

able to the student as soon after completing a performance trial as 

possible. 

ii) 

iii) 

iv) 
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v) Peer Group Performance : Performance measures should reflect the 

actual level of performance achieved and not be influenced by the 

class performance. That is. the use of norm reference measures 

should be avoided. Obviously class rank is one popular performance 

measure that does not possess this quality. Also, when instructors 

are asked to subjectively rate students, their ratings may be in¬ 

fluenced by the general level of performance of the group, thus 

are not necessarily insensitive to peer group performance. 

vi) Instrument Invariance: The derived measure of performance should 

not be a function of the particular instrument used. That is, if 

written examinations are used, the score a student receives should 

not be a function of the particular examination given. In flying 

training, the students score should not be a function of the parti¬ 

cular instructor pilot rating him. This is a common threat to 

internal validity (.see Goldstein (.19741). 

vii) Transfer Effectiveness: When performance measures are used in programs 

where the student trains on a task other than the actual task, it is 

important that the performance measure reflect his initial performance 

on the actual task as well as his performance level on the training 

task. With respect to flying training this simply implies we are 

interested in training pilots to fly airplaces not simulators, and 

performance in the airplane is the important criteria, 

viii) Task Related: Because of several of the qualities cited above it 

is desirable, but not necessary, that performance measures be 

applicable to the task as well as the training situation. There¬ 

fore, it would be desirable to have performance measures that could 

be used in the aircraft as well as the simulator. 
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\])prouches to Performance Measurement 

Performance measures can in general be classified as either subjective 

or objective in nature. Subjective performance measures usually call for an 

"expert" to judge the performance level demonstrated by a trainee through an 

introspective process. Conversely, objective performance measures measure 

directly how well the trainee is performing on an objective physical scale, 

such as the words per minute measure of typing speed cited above. 

Subjective performance rating tends to have several decided advantages 

over objective systems. First, it is relatively easy to develop subjective 

performance measurement systems for many complex tasks such as flying or 

driving, since you need only hire an "expert" and allow him to observe trainee 

performance. Also, since the rater is usually an acknowledged expert at the 

task, his rating has a high face validity. More important, however, is the 

specific feedback usually provided by this type of a performance measurement 

system. The rater, at least in training situations, provides the trainee with 

very specific feedback with respect to how his performance may be improved, 

feedback of a type usually not found in objective performance measurement sys¬ 

tems. 

Unfortunately, subjective performance measures have several distinct dis¬ 

advantages, especially when used within research paradigms. Although Waag et 

al. (1975j found high correlations between raters, this is not generally the 

case. Knoop (19?3j reports two instructor pilots (IP's) subjective ratings 

were each correlated with certain objective performance measures, but that no¬ 

where were the same objective measures involved within the significant correia 

tions. Even more significantly, Knoop and Weide* (1975j found lack of agree¬ 

ment between pilots on the specific criteria for successful performance of cer 

tain aerial maneuvers. 
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Additionally, the individual rater's concept of what level of performance 

a specific rating is indicative of usually varies significantly from rater to 

rater, liven an individual rater's concept of performance levels will change 

over time, and most probably is influenced by the group performance level, socie¬ 

tal factors aria others as mentioned previously. 

For these reasons, subjective performance rating may be satisfactory tor 

training purposes, but not for research on training innovations. Both the in¬ 

ter and intra rater variations add considerable noise to the experimental results, 

thus obscuring many significant effects, or requiring the use of large sample 

s i :es. 

Conversely, objective performance measures are not subject to these sources 

of error, making them more desirable for research purposes. However, for com¬ 

plex tasks, the performance is not always easily quantifiable. 

However, it would seem highly desirable to have objective performance 

measures available for use in flying training research involving flight simula¬ 

tors. Because of its high operating cost it would appear particularly desirable 

to have such measures available for the USAF Human Resources Laboratories 

Vchieved Simulator for Pilot Training (ASPTj. The availability of such perfor¬ 

mance measures would enhance the capabilities of this device for research into 

training innovations. The increased sensitivity of objective performance measures 

would allow more efficient experiments to be performed, thus allowing smaller 

sample sises. One basis for developing such measures would be the "successive 

organisation of perception" hypothesis. 

The "Successive Organisation of Perception" hypothesis as proposed by Mag- 

daleno, Jex and Johnson (1909) suggests in performing control tasks the human 

operator first acts as a simple error controller. As he learns the task he adds 

operations on the system as a simple error controller. As he learns the task 



he adds operations on the system input and finally adds a preprogrammed pattern 

to his control responsos. Thus the operator moves from essentially a compensa¬ 

tory to primarily a pursuit and then to a pre-cognitive control mode. Such 

changes in the operators behavior should be reflected by a shift in his control 

input power spectra toward lower frequencies. 

If this hypothesis may be shown to hold for flying, then objective fre¬ 

quency domain based performance measures sensitive to this shift could be deve¬ 

loped. These performance measures right provide a parsimonious non-maneuver 

specific pilot performance measurement system. 

Research Objectives 

The first objective of the research was to determine if the pilots control 

movement relative power spectra would shift toward higher frequencies with in¬ 

creasing pilot experience as the successive organization of perception hypothesis 

suggests. A second and closely allied objective was to identify the pilot's 

control movement measures, including measures sensitive to shifts in the rela¬ 

tive power spectra, which vary significantly as a function of pilot experience 

level. If it is assumed that pilot skill and experience closely co-vary, then 

these measures would become candidate measures for an automated performance 

measurement system. 

Estimating the possible discriminating power of these variables, that is 

the degree to which they could be used to identify pilot experience (.skill-) 

level then became a research objective. 

An ancillary objective of the research program was to determine if the 

standard embeeded figures test (EFT) scores wer»- related to pilot skill. If 

it was as hypothesized, then EFT scores could be used to match subjects for 

future research involving flight simulation. 
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\n embedded figures test measures an individuals ability to disembed a 

figUr* t>om J C0BPl*x background, rhe ability to perform such a task is hypo- 

thesed to be closely related to a novice pilot's ability to disembed, that is 

separate, relevant information from his complex visual field and to a lesser 

extent to his ability to perceptually organiie a task. Since low EFT scores 

imply Held independence we would expect novice pilots EFT scores to be nega¬ 

tively correlated with their initial performance. As the pilot learns to fly, 

he becomes more organited perceptually in the sense that he learns to effi¬ 

ciently extract visual information. Thus we would expect his field dependence- 

independence to play a diminishing role as experience increases. 

i 
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II. EXPERIMENTAL METHODOLOGY 

General Approach 

The general research objective was to determine if a shift in the pilot's 

control movement power spectra can be used as the basis for discriminating be¬ 

tween pilot skill levels and to identify those functions of a pilot's control 

movements which show the greatest potential for determining his proficiency 

level. For the purpose of this research it is assumed that a pilot's proficiency 

level is synonymous with his experience. Thus performance measurements were 

taken on selected undergraduate pilot training (UPT) maneuvers in ASPT for each 

of three subject populations ranging from naive to highly experienced. Only 

the pilot experience level was systematically manipulated as an independent fac¬ 

tor. The three levels of this factor included in the design are pre-flight T-37 

student pilots as the novice group, post T-37 pre-T-38 students as the inter¬ 

mediate group and T-37 Instructor Pilots (IP1) as the experienced group. 

Maneuvers : Considering the nature of the subject populations, flight maneuvers 

specific to the UPT-T-37 syllabus were required, since presumably the novice 

and intermediate groups would differ only on the maneuvers the intermediate 

groups had an opportunity to practice. Moreover, the maneuvers the novice group 

could not be expected to complete were excluded from the maneuver set. Finally, 

since the type of maneuver selected was expected to significantly interact with 

the discriminating power of the performance measures, the maneuvers selected 

should be representive of the UPT program. Using these criteria the maneuvers 

selected were straight and level flight (approximately 2 min.), turn to heading 

(90° turn 30° bank), vertical S Delta, and formation flight. It is believed 

these maneuvers adequately span the range of difficulty and complexity en¬ 

countered in UPT training. In addition they involve varying degrees of aileron, 

elevator, and throttle involvement. 



Subject Selection ami Screen inn 

Three subject populations were used within the research paradigm, each 

containing ten subjects. The first or novice group consists of tejí pro flight 

T_j7 student». Foreign students or students with over fifty hours of previous 

flying time were excluded from this group. 

The intermediate group consists of ten student pilots who had completed 

T-J? training but had not yet begun l'-J8 training, while the experienced group 

consists of ten X-i" instructor pilots. Foreign students were not used in 

either of the <e groups. 

1'erformance Measurement Systems 

All performance measures used in the research with the exception ASl'l auto¬ 

mated performance measures (APMJ total score, were based upon the pilots control 

inputs, specifically the aileron, elevator and throttle positions. Fach of 

these three variables were sampled fifteen times per second, iho minimum, the 

maximum, and the first four moments, Vj - Vj, were then calculated for each ot 

the discrete sample records, 1'^itJ, 1'j.it), and i’^itl. In addition, each series 

was passed through five secussive low pass butterworth filters of the form 

x.(t*l) - o»l X^t) ♦ 0^*(P(t*l) ♦ Pit)) 

were the coefficients ^ and were selected to give approximate cutoff fre¬ 

quencies of 1/8, 1/4, 1/2, l and 2 Hz respectively as outlined In Figure l. 

The power in each filter output, x.It), was then calculated and divided by the 

power of the original series, Pit). The resulting quantities, Ql-QS, then pro¬ 

vided estimates of the fraction of the original series power holow each of the 

cut-off frequencies. This provided a parsimonious real time method for approx¬ 

imating the Input series relative power spectra. The five values Ql-QS should 
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bö sensitive to shifts in the power spectra. In addition a modified S-omega 

(MSO) was calculated. This is a single variable which is indicative of the 

distribution of the power spectra. The exact equation for calculating MSO is 

given in Appendix A along with the other equations used and the filter constants. 

The minimum, the maximum, the four moments, the five filter values and modified 

S-omega resulted in twelve control measures for each control input or a total 

of thirty-six measures in all. Five more variables were used to indicate group 

membership, subject, maneuver, and trial number for a total of forty-one vari¬ 

ables . 

The ASPT APM total score was essentially the percent of the total time 

the pilot maintains his aircraft within prescribed tolerance limits for each of 

several state variables simultaneously. The specific variables and associated 

tolerance limit are included in Appendix A. 

Experimental Procedure 

The research plan called for each of the thirty subjects, ten in each group, 

to "fly" one one hour sortie in ASPT. During each sortie each subject performed 

two APM's for each of the four maneuvers selected. The maneuvers were performed 

in order of ascending difficulty and this order was fixed for all subjects. 

The sortie content was identical for groups two and three but differed for 

group l. For groups two and three a sortie consisted of approximately 5 minutes 

of free flight warm up followed by two consecutive APMs on straight and level, 

two on turn to heading, two on vertical S "D", and two on formation flight. On 

these sorties the subjects "flew" alone. 

The novice subjects were always accompanied by an instructor pilot (.IP). 

Each sortie began with a preprogrammed demonstration of straight and level 

flight, a practice trial and then, two APM's. The IP provided instruction and 

...—.—.—- .-... 
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guidance to the student pilot during the demonstration and practice trial 

but not during the APM's. This procedure was repeated for turns to heading 

and the vertical S "D". Because of technical difficulties the formation 

flight demonstration was flown "line" by the I.P. The sortie contents are 

outlined in Appendix A and the general design in Figure 2. 

. ■ - --- 
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III. RESULTS 

Analysis Approach 

The analysis of the results was performed in two stages. In Stage I 

the relationship between the EFT scores and flying skill as measured by the 

ASPT APM total score was examined. In the second stage the effect of pilot 

skill level on the control movement measures, including the digital filter 

outputs, and the ability of these measures to discriminate pilot experience 

level was examined. 

EFT Scores 

Due to a programming error, the digital filter data for the first five 

subjects in Group 1 was not valid. This necessitated running five additional 

subjects. A sixth was then added in order to balance another experiment re¬ 

sulting in a total of sixteen subjects for group one. Although the digital 

filter data for five of these subjects was not valid, their EFT scores and APM 

total scores were accurate. Therefore all sixteen subjects in group one were 

included in the preliminary analysis. 

Initially the correlation between the EFT scores and the APM total scores 

were examined. Since the total scores for formation flight were essentially 

all tero for all experience levels, this maneuver was omitted from the analysis. 

The EFT scores correlation with the total score for each trial, the total 

of the two trials for each maneuver, and the total for all six trials was then 

estimated, with the results shown in Table I. 

The results indicate a high negative correlation between EFT scores and 

pilot skill, as measured by the APM total score, for the novice group. All 

the correlation coefficients were negative, and as the maneuver difficulty in¬ 

creased the magnitude of these correlations increased, with the coefficients 
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for both of the vertical S "D" trials and total of the six trials significant 

at the .05 level. 

This relationship is not as strong for the intermediate group, achieving 

statistically significance only for the second straight and level flight 

trial. The relationship diminished considerably for the experienced group 

as expected. 

An analysis of variance was performed on the total scores using maneuvers, 

trials and groups or experience level as fixed independent factors. In order 

to maintain balance, only ten group one subjects were included in the analysis, 

which assumed subjects were nested within groups and crossed with trials and 

maneuvers. Again the formation flight scores were excluded. 

The analysis, as shown in Table II, indicated the apparent systematic 

increase in mean total scores from 36.26 to 40.47 and to 48.53 for the novice, 

intermediate and advanced groups was not statistically significant. This 

lack of significance may be attributed to the large variation of subjects within 

groups, since both the change in means from 39.33 to 44.18 from trial one to 

trial two and of 33.39, 57.64 and 34.22 for straight and leve.’ flight, turns 

to heading, and vertical S "D" were significant at the .05 level. 

Control Movements 

The analysis of the control movement data was limited by the availability 

of only thirty subjects with which to access the contribution of thirty-six 

possible control variables. This limitation essentially determined the course 

of the data analysis. The primary objective of the analysis was to identify 

the variables with the greatest potential for discriminating pilot skill level 

while screening out those variables which showed little potential. 

This screening was performed in two steps. The first step involved a uni¬ 

variate analysis of variance for each of the thirty-six potential dependent 
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measures. The rational tor this univariate analysis was that the variables 

exhibiting the greatest variation between groups would be the most useful in 

discriminating pilot experience level. 

In an effort to reduce the noise inherent in the data the trial one and 

trial two values were added forming a total score. The univariate analysis 

was then performed on the individual trial data as well as the totals. The 

results of the analysis, which were performed individually for each maneuver 

are shown in Tables III through V for the aileron, elevator and throttle re¬ 

spectively. 

Straight and Level: The most striking result of the results for straight and 

level is the lack of any significant differences between groups. Only the 

aileron second moment for the two trial total and the minimum throttle position 

for trial two significantly differed, and then only at the .05 level. None of 

the fifteen filter measures differed significantly for the maneuver. 

Turn to Heading: There were fourteen significant F ratio's for the aileron, 

seven for the elevator and two for the throttle for this maneuver. Of these 

the most significant and their associated F, with two and twenty-seven degrees 

of freedom, values for trial one, trial two and the total are respectively, the 

aileron 1/3 Hs filter output (F * 7.8091, the first moment of elevator position 

(.F * 5.049), and the aileron 1/8 H; filter output IF * 5.49). 

Vertical S "D": There were twenty-seven, eight and eight variables statisticallv 

significant for the vertical S "D", for the aileron, elevator and throttle re¬ 

spectively. Of these the aileron second moment was most significant for both 

trials and the total with F's of 23.57, 13.11 and 24.t>9 respectively. 

Formation Flight: The greatest difference between groups occurred for the 

formation flight group with twenty-six significant aileron, twenty-nine sig¬ 

nificant elevator and twelve significant throttle variables. The most signi- 
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ficant variables were the aileron 1/4 H: filter (F * io.9oi for trial one, 

the aileron l/S H: filter (F > 17.18) for trial two, and aileron 1/8 H: filter 

(F * -5.4:) for the total, fil the filter outputs were statistically signi¬ 

ficant at the .01 level for both trial for the elevator and aileron, but only 

the 1/8 and 1/4 Hz filters were significant for the throttle and then not 

for all trials. 

Unfortunately the univariable analysis of variance only provides an in¬ 

dication of potential discriminating variables and the single most attractive 

variable. Since many of the dependent measures are highly correlated their 

relative discriminating power is a function of what other variables are in¬ 

cluded. To overcome this problem the univariable analysis was followed by 

a step-wise discriminate analysis, using Wilk's \ as the criterion for select¬ 

ing the next variable to enter. The step-wise discriminate analysis was per¬ 

formed in two steps for each maneuver. First the results for trial one and 

two were combined to reduce the noise inherent in the data. Then a stepwise 

discriminate analysis was run on the combined data using a maximum of twenty 

steps using all thirty-six variables. The results of this analysis was then 

used to identify the first set of variables with entering F's in excess ot a 

certain criteria level. The analysis was then repeated for the individual 

trials and the combined data l,;king the analysis to this initial set of 

variables. 

Straight and Level: The most striking feature of straight and level flight i 

the lack of any significant differences between the groups upon which skilled 

discrimination may be based. Based on the results of the first step of the 

discriminate analysis only two variables, aileron second moment and throttle 

minimum position, were identified as a potential second stage of the discri¬ 

minating variables. The results of the discriminate analysis are shown in 

Table VI. The small percent of the two accounted for by the second discri¬ 

minate function would suggest the three groups are close to colinear for 
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this maneuver. The classification function coefficients suggest both vari¬ 

ables were contributing approximately equally in classifying the pilots. 

Using only these two variables, the thirty subjects were classified as 

shown in Table VII. From this table it may be observed the greatest mis- 

classification occurred in discriminating between the novice and intermediate 

groups. Only two novices, one on trial one and one on trial two were mis- 

classified as advanced while only one advanced pilot on trial one was classi¬ 

fied as a novice. 

Turn to Heading: Six variables showed some promise as possible discriminators 

for pilot skill level in this maneuver. However, the results were not con¬ 

sistent across trials. The two most important variables on trial one would 

manage no better than third and six place on trial two. Similarly the first 

two variables to enter for trial two were third and six on trial one. More¬ 

over, the highest entering F value for either trial or the total was only 7.87. 

Although this represents an improvement over straight and level flight, it 

suggests the magnitude of the differences between groups is not large in com¬ 

parison to the variation within groups, thus making discrimination of skill 

level difficult. 

Using the order of entry on the two trial total as the measure of im¬ 

portance, it appears that of the six variables the Aileron 1/8 Hz filter 

output and the elevator maximum are the most promising discriminator variables 

for this maneuver. Although neither was significant on trial two, there en¬ 

tering F ratios of 5.49, and 7.92 for the totals were both statistically sig¬ 

nificant at the 0.01 level. 

The classification of the thirty subjects on this maneuver using all six 

variables, is much better than for straight and level flight. The misclassifi- 

cation rates are slightly over 20¾ for the two trials and approximately 13% 

for the two trial total. 



T
A

B
L

E
 

V
U

. 
S

U
B

JE
C

T
 

C
L

A
S

S
IF

IC
A

T
IO

N
 

R
E

S
U

L
T

S
 

< 

5 

t/i 

•u 

paDuatjadxg 

agBxpauiaa mi 

03 TAON 

paauataadxg 

aiETpomaaiui 

03 TAON 

•< 

paouataadxg 

oawtpaiuaoaui 

03 taon 

a£ 
UJ 

ui 

rO O 

vO tO 

^ <N| 

hO rf r-O 

rr O 

Kî rf <N 

O ’'t ^ 

u 

LU 
H 
< 
—« 
¿i 
Û4 

S i 

â 
LU 
U 

H-< 
K 
LÜ 
CL 
X 
LU 

fc 
G -J 
*-• a lu 

g5§ 
CO *~" 

O O 00 

O 

•~h <25 00 

00 TO —• 

(NI O 00 

O 00 OI 

00 CM O 

LU 
h a 
< ai 

u a as 
u uJ ai 
i—i 3; i—ï 
> 2 0Ä 
B 63 63 z e- a. 

z X 
M ai 

cé O O 

s 

o în ai 

O O O 

O ('l CO 

O (N 

<n to ai 

O 1 "" 

00 O O 

ai 
H a 
< UJ 
a ^ 
LU LU 

§ ex! 
UJ LU 

ë 5 
HH LU 

LU 
U 

«U 

u < 
HH (— 
H -J 
at ul 
ai a 

a a 

—. 00 fvl 

—< foi 00 

00 (N 

00 O O 

al 
f- 
< 

al 
U 

S 

LU 

ÛC 
UJ LU 
h* 
z: 

24 



iüpijmiM, ihpij ^»,!.JfSrWlllf!B" 

J 5 

Vertical S Delta: The potential for discriminating pilot skill level is 

significantly enhanced for this maneuver. The aileron second moment and 

throttle third moment were the first and second variables to enter on both 

trials and the total, and there entering F ratio's ranging from 8.32 to 

24.69 were substantially higher than for the previous two maneuvers. Al¬ 

though their F ratio's weren't particularly impressive, three additional 

variables were included in the second step of the discriminate analysis. 

Using all five variables, the misclassification rate for the thirty 

subjects was slightly less than 20¾ for the two trials and as low as 10¾ for 

the two trial totals. From Table VII it may be observed that all the novices 

were correctly classified on trial two and for the two trial total and only 

two were mise lass ified on trial one. 

Formation Flight: Six variables appear to have some potential for discriminating 

pilot experience level for formation flight, but these were dominated by the 

aileron 1/8 Hz filter. This variable had entering F ratios of 13.03, 17.18, 

and 25.42 for the two trials and the two trial total. Although the throttle 

minimum position was consistently the second variable to enter, its best enter¬ 

ing F ratio was only 5.32 for trial two. 

The misclassification rates for the thirty subjects were less than twenty 

percent for the two trials and about seventeen percent for the totals. Only 

one novice on trial one was classified in the advance category. None of the 

advance pilots were classivied as novice for formation flight. 

Digital Filter Outputs 

The previous analysis suggests that some of the filter outputs signifi¬ 

cantly differed between groups. The aileron position accounted for most of 

these differences, with both the throttle and elevator between group differences 

being statistically significant only for formation flight. 



The aileron filter outputs for the average of the two trial totals are 

plotted for each group and maneuver in Figure 5. As plotted these output pro¬ 

vide a rough estimate of the average cumulative relative power spectra across 

the pilots within each group. 

The curves for formation flight and the turn to heading maneuvers closely 

conform to the hypothesized result, with the experienced pilots power spectra 

shifted toward the higher frequencies as expected. This relationship is, how¬ 

ever, reversed for the vertical S delta maneuver, with the novice pilots power 

spectra actually shifted to higher frequencies than either the intermediate or 

experienced pilots. The large and highly significant increase in the aileron 

second moment may be partially responsible for this reversal. Recall that for 

the vertical S "D" the univariable F ratio was very high for the aileron second 

moment and that it was the first variable to enter during the discriminate analy 

sis. The mean aileron second moments were .090, .051, and .053 respectively 

for the novice, intermediate and experienced groups. Thus the novice groups 

aileron second moment was approximately 80¾ higher than the intermediate and 

experienced groups values which were approximately equal. This was the only 

maneuver for which such a significant increase in the aileron second moment 

was observed. Apparently the novice group was injecting a high noise component 

into their aileron moments during the vertical S "D" maneuver. 

The elevator filter outputs, as shown in Figure 4 only differed signifi¬ 

cantly for the formation flight maneuver. The results due indicate that the 

experienced pilot's relative power spectra was shifted toward the higher fre¬ 

quencies. 

Formation flight was the only maneuver for which there was sufficient 

throttle movement to obtain reliable filter output estimates. The output's, 

as plotted in Figure 5, generally conform to the successive organisation of 
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perception hypothesis with the experienced pilots estimated spectra shifted 

toward the higher frequencies and the novice pilots toward the lower fre¬ 

quencies as expected. 
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IV. SUMMARY AND CONCLUSIONS 

Certain insight may be derived by examining the subject's EFT scores. 

The means observed were considerably below averages for a male population 

of their approximate age range. If the pilots had rep’esented a random 

sample, we would have expected an EFT average in excess of 45 seconds per 

item. The actual means of 29.14 and 29.05 for the novice and intermediate 

groups would suggest both groups were very field independent. The 20.59 

sec/item average for the experienced group is considerably below the expected 

value. This would immediately suggest the subject populations were highly 

select groups, and that the selection mechanism, either implicitly or ex¬ 

plicitly, selects high field independent individuals. Because of the lack 

of statistical significance for many of the novice groups correlation co¬ 

efficient, no definitive conclusions may be drawn regarding the relationship 

between field dependence-independence and initial flying skill. The all 

negative correlation coefficients between the subjects EFT socres and the 

ASPT APM total scores for the novice group on each maneuver would imply field 

independent subject initially demonstrate greater skill levels. The syste¬ 

matic decline in the magnitude of the correlation coefficients as experience 

increases would imply that as skill levels increase, field dependence-independence 

becomes a less important factor. The lack of more statistically significant 

correlation coefficient might in part be attributed to the modest sample 

series and in part to the relatively homogeneous composition of the subject 

population with respect to field dependence/independence. Presumably a more 

heterogeneous population would produce higher correlations if a relationship 

does indeed exist. 

From the analysis of the pilot's control movement data several conslusions 

may be drawn. First, the ability to discriminate pilot skill level from his . 



control movements increases as the complexity or difficulty of the maneuver 

increases. There were few if any control measures which significantly differed 

between groups for straight and level flight. Tue converse was fue for the 

vertical S delta and formation flight. In both cases there was a multiplicity 

of significant performance measures. Moreover the misclassification rates 

were generally below twenty percent for these maneuvers. It would appear that 

for simple undemanding maneuvers, novice pilots behave generally like more ex¬ 

perienced pilots. Only on the more demanding maneuvers do novice and ex¬ 

perienced pilot's behavior diverge. 

Of the three control movements observed, aileron, elevator and throttle, 

the aileron was most significant in terms of the number of measures which sig¬ 

nificantly differed as a function of experience level, the level of signifi¬ 

cance of these measures and their discriminating ability. Of these measures 

the aileron second moment and 1/8 Hr filter output were the two dominate vari¬ 

ables, each being the first to enter on the first step of the step-wise discri¬ 

minate analysis for two of the four maneuvers. Which of the two is most im¬ 

portant appears to be a function of the particular maneuver being performed. 

After the two aileron measures the elevator maximum and throttle minimum 

position appear to be the most important discriminator variables. The throttle 

minimum position was the second variable to enter in the stepwise discriminate 

analysis on two of the four maneuvers. On a third maneuver the throttle third 

moment was the second variable to enter, which was highly correlated with 

throttle minimum position. At that stage the throttle minimum actually had 

the second highest F ratio and would have entered if the third moment had not 

been present. It would then appear reasonable to presume the throttle minimum 

position would be substituted for the third moment with little loss in dis¬ 

criminating power. Then, the throttle maximum position would have been the 

second variable entering on the turn to heading maneuver. Although it did 
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not play an important role in any other maneuver its entering F of 7.92 

for the two trial total would justify its being identified as an important 

discriminating variable. 

The important skill level discriminators could then be summarised as 

aileron second moment, aileron 1/8 hz filter output throttle minimum posi¬ 

tion, and elevator maximum position. 

The Butterworth filter results generally confirm the Successive Organi¬ 

zation of Perception Hypothesis. The filter outputs for the more complex 

maneuvers did vary as a function of subject experience and generally in the 

direction anticipated. Moreover the magnitude of the change appears attrac¬ 

tive in terms of devising measures sensitive to subject skill level, as evi¬ 

denced by the importance of the 1/8 hs aileron filter output in determining 

subject experience level. 

TABLE VIII. SUMMARY OF CONCLUSIONS 

1) EFT scores are related to performance for novice pilots but the effect 

diminishes with experience. 

2) Discriminability becomes better as maneuver difficulty increases. 

3) The aileron dominated the elevator and throttle in terms of differences 

due to experience level. 

4) The two most important variables appear to be aileron 2nd moment and 

1/8 Hz filter output. 

5) After the two aileron variables the throttle minimum and elevator maximum 

appear to be the most useful. 

6) Pilot control movement based measures may be effectively used to dis¬ 

criminate pilot skill/experience level. 

7) There are changes in the pilot's control moment power spectra as a function 

of skill level. 
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APPENDIX A 

EQUATIONS USED FOR PERFORMANCE DATA 

v1 * EP/N 

= ep2/n L 

V3 = ep3/n 

v4 => ip4/n 
2 2 

S - Omega 3 E (AP/h) /eP 

2 2 
Pi s 

P2 = EX^ /EP2 

P3 = EX§ /EP2 

P4 » EX2 /EP2 

P5 = EX2 /EP2 

M (S - Omega) ! 

Qj = UX2 /tl - 

Q2 = (EX2 /N - 

Q3 = (EX2 /N - 

Q4 « (EX^ /N - 

q5 . (rx^ /N - 

(S - Omega) * y V2 / (Vg - ) 

(EXj /N)2) /(V2 - V2) 

(EX2 /n)2) /(V2 - V2) 

(EX3 /n)2) /(V2 - V2) 

(EX4 /N)2) /(V2 - V2) 

(EX5 /n)2) /(v2 - V2) 

BUTTERWORTH FILTERS 

x.(t) = a.*x. (t-I) > S*(P(t) + P(t-DI i 

Filter No. a. l 

1 
j 
tm 

3 

4 

. 9489 

.9804 

.3097 

.5494 

.3838 

.0255 

.0498 

.0951 

.1753 

.3081 5 
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TOLERANCE VALUES FOR FREQUENCY DOMAIN STUDY 

050 
STRAIGHT 4 LEVEL 

ALTITUDE 
AIRSPEED 
HEADING 

051 
TURN TO HEADING 

ALTITUDE 
AIRSPEED 
BANK 
HEADING 

052 
FORMATION 

X. POS 
Y. POS 
Z. POS 

053 
VERTICAL S DELTA 

AIRSPEED 
BANK 
VVI 
HEADING 
ALTITUDE 

BASE 

15000.0 
160.0 
130.0 

15000.0 
160.0 
30.0 
65.0 

0.0 
0.0 
0.0 

160.0 
30.0 

1000.0 
Determined 

15000.0 

LOWER 

-31.4 
- 1.37 
-1.92 

■43.1 
- 2.02 
-3.23 
- 2.79 

- 2.0 
- 3.0 
- 1.0 

- 2.03 
- 2.68 

•163.0 
- 2.25 
-32.4 

UPPER 

31 4 
1.37 
1.92 

43.1 
2.02 
3.23 
2.79 

2.0 
3.0 
1.0 

2.03 
2.68 

163.0 
2.25 

32.4 

BOUNDS 

3000.0 
60.0 
60.0 

3000.0 
60.0 
30.0 
60.0 

100.0 
100.0 
100.0 

60.0 
30.0 

1000.0 
30.0 

5000.0 

UNITS 

FEET 
KNOTS 
DEGREES 

FEET 
KNOTS 
DEGREES 
DEGREES 

FEET 
FEET 
FEET 

KNOTS 
DEGREES 
FT/M IN 
DEGREES 
FEET 



FREQUENCY DOMAIN STUDY 
STUDENT DATA SYSTEM PRINT OUT PROFILE 

VALUE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

DESCRIPTION 

Sample Size (15/second) 
Minimum 
Maximum 
V 1 
V 2 
V 3 
V 4 
S-OMEGA 
P 1 
P 2 
P 3 
P 4 
P 5 
Modified S-OMEGA 
Q 1 
Q 2 
Q 3 
Q 4 
Q 5 

■ ■ ..; ... 



THE FOLLOWING IS AN INDEX OF PERMFILE EXERDESO 

001 

002 

003 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 

01 
02 
03 
04 

01 
02 
03 
04 
05 
06 
07 
08 
09 

FDS MISSION 001 FOR GROUP 1 

FDS MISSION 001 FOR GROUP 1 - FORMATION 

FDS MISSION 002 FOR GROUP 2 & 3 

001 FDS MISSION 001 FOR GROUP 1 
EXERTBLE 001 

054 
058 
050 
050 
055 

TASK, 
TASK, 
TASK, 
TASK, 
TASK, 
TASK, 059 
TASK. 051 
TASK, 
TASK, 
TASK, 
TASK, 
TASK, 

051 
056 
060 
053 
053 

STRAIGHT LEVEL 

TURN TO HEADING 

VERTICAL S DELTA 

002 FDS MISSION 001 FOR GROUP 1 
EXERTBLE, 002 
TASK, 057 FORMATION 
TASK, 061 
TASK, 052 
TASK. 052 

DEMO 
PRACTICE 
A PM 
A PM 
DEMO 
PRACTICE 
A PM 
A PM 
DEMO 
PRACTICE 
A PM 
A PM 

MANUAL IP DEMO 
PRACTICE 
A PM 
A PM 

003 FDS MISSION 002 for GROUPS 2 fc 3 
EXERTBLE, 003 
TASK, 062 
TASK, 050 
TASK, 050 
TASK, 051 
TASK, 051 
TASK, 053 
TASK, 053 
TASK, 052 
TASK, 052 

PRACTICE-15 MIN MAX 
STRAIGHT AND LEVEL A PM 

TURN TO HEADING 090 A PM 

VERTICAL S DELTA A PM 

FORMATION A PM 

SORTIE CONTENT 


