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SUMMARY

o-

Problem

| The problem was to develop candidate’ pilot performance measures for five mdér'grgduate pilot
training (UPT) contact maneuvers flown. in the T-37B aircraft (lazy 8, barrel roll, split S, cloverleaf, and
landing). [Existing methods of pilot performance measurement are largely subjective, have questionnable
validity and reliability, and are relatively insensitive to | ges in performance except for gross variances.
This makes existing methods less than optimal for training applications per se, and of little scientific value
for training research (e.g., flight simulator validation studies) where transfer of training/ must be assessed.
This effort was designed to develop improved measurement methods which overcbme many of the
disadvantages inherent in existing techniques. The methods were intended for evaluatior)cross-validation

.and application in the advanced simulator for undergraduate pilot training (ASUPT). \ //“

. A 2‘3”, ~ ’

.

Approach ;

The approach was one of two altematives pursued in parallel for the above application. It is_

characterjzed by researcher development of candidate measures and assurance of their content validity,

' - followed by automated computation of the measures and execution of various empirical validation tests-

. (The alternative method (Connelly et al., 1974) involves computer generation of candidate measures from a

postulated inolusive family thereof, and. execution of empirical validation tests, followed by researcher

analysis of results and assurance of the, measures’ content validity.) The first step of the approach was 1o

analyze eath maneuver using'a hybrid version of function and task arialyses sg'ciﬁcallytailored/w the

identification of candidate measures. Then several. types of measures were defined which, _collectively,

s ’ support performance assessment over all maneuver segments. Next, specific measurement formulae were

developed for each segment in accordance with the results of the analysis. This influded the development of

ilternative techniques for combining measures over segments and maneuver, Finally, software was

developed to compute measures, from data recorded on a T-37B aircraft, and execute empirical validation
tests. . P P

S .

tR ‘ v //

Each maneuver was analyzed and sectored into function and task segments. The function segments
identify portions of the maneuvet wherein the set of dominant measurement variables is consistent. This
identifies sections of each maneuver in which the pilot’s primary control functions involve consistent
easyrable variables, and dictates the ‘types of measures (continuous and discrete) that are applicable to
assessing control performance. The task segments identify portions of each function segment wherein the
relxttonships among dominant measurement variables .are consistent. This identifies sections of each

which the pilots’ primary control\Q:cl)ou/themselvm remain consistent, and suggests the
easunes that are applicable o perormance assessment within the respective task

Several types of Wem identified which satisfy measurement requirements “over all task
+ segments, based -of appfication of the above analysis to five maneuvers. Specific measurement formulae
Y for each segment, exploiting the measure-types previously identified. Software was
developed and implgmented orf a Sigma S computer for accomplishing the following tasks: (1) read and
aw aircraft data; (2) produce print outs and plots of raw and smoothed data at |
user-specifiable saiipling rates; (3) automatically detect boundaries of task segments; (4) compute criterion

_ (reference) fun ', from skilled performers’ data, employing user-specifiable dependent and independent
variables; (5)¢Onipute task-segment measures of 6 types, parameters of which are changeable by the user; -

(6),compute segiiient and maneuver summary measures using aitemative methods under study; (7) print
results of maneuver segmentation, criterion function generation, and measure computations; and (8)
perform and print results of several empirical validation tests. S .- .

Conclusions - ' : o 1 .
* A unique and relatively effective technique has been developed and applied for identifying candidate
performance measures for continuous operator coptrol tasks. The specific objective of developing such
- I{ N
j 1 > . - i\
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measures for five Ti3.7 pilot maneuvers has been accomplished. In view of the analysis 3nd derivation
techniques employed, the candidate T-37 measures, possess content validity and are fairly comprehensive.

The segmentation of the maneuvers and development of methods for automatically detecting the
segment boundarics provides an impagtant and necessary adjunct to an envitioned measurement system. It'is
not an especially novel idea, but its criticality has been under emphasized in the past, and it has not been
previously developed and applied to the extent accomplished in this study. Two of the maneuvers examined
(cloverleaf and approach and landing) are characterized by more than one continuous function segment,
vithin which are numerous differing task segments, each dictating the application of unique measures The

_~other three maneuvers, are larpely characterized by a single continuous function’ segment. However, there
are still differing task segments within each function segment, and the initial portions of all maneuvers are
characterized by discrete fundtion segments thaf differ grossly in measusement requirements from their
continuous counterparts. In view of this type of analysis as applied to the five maneuvers, it is easy to see
why attempts to apply a single continuous measure over an entire control task (or over inappropriate
portions thereof) might expectedly result in erroneous deductions about the invalidity of the (valid)
measure, . :

Finally, the software that has been developed and. implemented is unique in both capability and -
Hlexibility. Inputs to the programs consist of raw performance data and .user-specified measures for the
various task segments of each maneuver. Outputs consist of the values of computed measures, results of )
several validation tests that are appropriately computer-impleimented, and several summary measures
computed .using alternative techniques under study. The user can interact with the software effectively in
pursuit of an analytic, iterative apProach to the development and validation of operator performance

measures. . - °

. The griginal objectives of this program included its extension through and including a
criterion-related validation phase, It is unfortunate that these objectives could not be fully realized due to
non-technical problems that"interfered with, and ultimately prevented, the collection of required T-37 data
and completion of this phase of the program. Despite this, it is hoped that' the work reported here will

benefit other researchers investigating similar areas by providing some additional tools and ideas and -
demonstrating their application, at least in part, to an exemplary measurement probleg.
. % S
. - 4 ~ -
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" CANDIDATE T-37 PILOT PERFORMANCE MEASURES - 4
"+ . FORFIVE CONTACT MANEUVERS

. - N

. : ‘ * - N ’

< - I. INTRODUCTION

The purpose of this study was to develop candidate T-37 pilot performance measures for_five
mancuvers taught in the Air Force undergraduate pilot training (UPT) program. In addition, the ‘study
included development of software for computing the candidate measures from performance data recorded
on a T-37B aircraft, and performing validation tests. This report documents the approach, the manefiver

analyses, the derived candidate measures, and an overview of the implemented computational techniques:‘

Existing methods of pilot performance measurement are largely sub}ective and hgve .questionable

validity and reliability. This.makes them less, than optimél for training applications in gerferal, and of little
scientific value for simulator training’ research, where transfer of training must be assessefl. This effort was
designed to ievelop improved measurement methods which overcome many of the disadvantages inherent
in existing techniques. The specific goal of developing objective measures of T-37 pilot performance
emanated from a requirement for a comprehensive simulator training reasearch capability for effective use
of the advanced simulator for undergraduate pilot training (ASUPT).

The research effort, as originally designed, included the development of candidate measures based on
their content validity, and the conduct of criterion-related validation studies using student data to be
recorded on a T-37 aircraft. Nontechnical problems prevented the required data collection, however, and
the study had to be confined to the development of candidate méasures, as reported here.

s - * W, APPROACH |

3

There are twd bdsic alternative approaches to deriving candidate measures for a given operator

" performance task. The approaches differ primarily in. (1) the order in which various types of

measure-validity are ajiured andfor tested, and (2) the loads placeu on+man versus computer as a result of

research task allocations. . P

Validation tests can be grouped into two fundamental classes, the majbr distinction being whether or

not they are criterion-related. It is also useful, from an operational standpoint, to consider validation tests
from the view point of whether or not they can be conducted using a digital computer. For example, it is

. extremely expedient to automate tests of concurrent yalidity, where' candidate measures are examined on a
‘comparative basis with other independently derived measures of performance. On the other hand, it would

be ‘quite difficult to automate tests of content validity, where the aspects of performance assessed by the
candidate measures are compared with the behavioral objectives underlying the performance tasks, as
evidenced (usually)-by task- analyses and stated performance obfectives. ' s

The, research jobs associated with deriving candidate measures include. (1) selecting the speciﬁc_c
measures to be explored, (2) assuring their content validity, and (3) testing them empirically for other types

of validity (e.g., concurrent). The first job can be performed by man or computer. The second is most
efficiently performed by man, since it requires cognitive processing of diverse (often unquantifiable)
informgtion. The third is most- efficiently performed by a computer, since it requires standardized
processing of large quantities of data.

The two approaches méntioned in the opening paragraph are, respectively, to. (1) assign the computer
the jobs of generating“'feasr%le candidate measures and performing empirical validation tests, followed by
manual analysis of results and assurance of the measures’ content validity, or (2) assign man the jobs of
selecting feasible candidate measures and assuring their content validity, followed by computer tests of the

measures for various types of empirical validity. The first approach (Connelly, Bourne, Loental, & Knoop, -

1974) places the greatest research load on the computér, and has the adyantages of assuring examination of
a broad spectrum of measures and of being universally applicable across diverse performance tasks. It is
based on a relatively new and unexploited technique of measurement research, however, and is in ‘an
exploratory stage of development. The second approach places the greatest research load on the man, and
has the major advantages of traditionality and apparent simplicity. It is subject t/o limitations primaril)'l on

-,

) h
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s genemlly derived from (Meister, 1971, Miller, 1955, Morgan, 1963, Woodsen & Conover, 1970).

, man-machine total outpyt. For example, one control }ncnon could be control of pitch necessary to

k4

. N - ‘}. .

the number and types of meaSum (fxom the set ofnll valld measures) that can be identified and explored,
as constrained by the mgenuxty and available time of the researcher and the number of measurement
problems to be addressed. A .

A

This latter approach is the topic of the pment report. It was pursued in parallel with the alternative
approach for developing measures of performance on$ UI’J' mancuvers, lazy 8, barrel roll, sphit S, approach
and landing, and cloverleaf .

- - )
.

p ..  I0 ANALYSIS OF UPT MANEUVERS . .
n"’}' . ~ . »
Gcner’él - . :
Thxs section documents the rationale and methods used for the analys:s of the five UPT trammg -
maneuvers, The maneuver analysis includes segmentation of maneuvers, identification of pilot for . ==>

each segment, and identification of candidate measures of performance for each segment. While the meth
was developed for analysis of five specxﬁc maneuvers, it is a general one that can be applied to other’
operator performance tasks. .

) In addition to a description of the methodology, a list of definftions of critical terms 1s presented.
These terms bfe in common use in human engineermg and many other fields but may have different
meanings deﬁehdmg on one’s indoctrination. They are defined to reduce ambiguity. The _terminology 1s

Definitions of Cnt:eal Terms ° .

A task is one or more activities performed by a single human operator to accomphsh a speafied /
objectwe - . )

A dxscrete task is an aﬂ-or nothing task in response to a given signal.
A conimuous task is contmuonsly ‘performed activity based upon feedback

A critical discrimination is a perceptual process to ascertain aparucular variable value to withm a .
specified tolerante. An entire maneuver can be. considered as a set of tasks bounded by critical
discfiminations. These d;scnnnnat:ons form the base knowledgg for a decision to continue, tgnutiate an -
error compensation, or to abort a maneuver. .

A control function i one of the operational requuements necessary to achieve a portion of the

-achieve a chmbmg turn’in a Lazy 8 maneuver. g
The set of dominant control functions are those control functqons wnthout whxch 1t 1s impossible to B
achieve the intended portion of the maneuver. . .
Subordinate control functzons are those used to assist in the efﬁaentperfonnance of 2 maneuver but .
which are not essential. . . . Cy ’ DN
Reference variables are those axrcraft flight variables which are used to deﬁne the criterion man?uver s
trajectory. - \ ‘e
Dominant measurernent variables are those flight variables which are hughly correlated with the .
control fugctions wh.\ch are important to proficiency measurement . . -

A function segment is that portion of a maneuver in whxch the set of dominant measurement
variables is consistent. These segménts are classifiéd in two groups, locus segments in which the domunant
measurement variables are continuous, "and sequence segments in which the dominant measurement
vanables relate discrete events to a continuously changing variable. - oL

A fask segment is that portion of a function segment in which the relationship among dominant
measurement variables is consistent. A task segment is bounded by critical discriminations, Task segments
are the basic measurement segments of that maneuver.

L]

A skill is the ability fo .use knowledge to perform manual operations in the achievement of a specafic
task objective in a manner which pravides for the climination of irrelevant action and erroneous response.
Thils conceptuahzat:on exists only in conjunction with an mdmdual task and is reflected in the quahty with,
which this task is performed. o
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An event is an activity within the total event sequence.  * . S .
- B P *
An event sequence is a connected series of specified activities occurring /n time or in some other
. continuously changing variable. . . /
' Methodology ' ’ -

Methodology Rationale. The objective in the sglection of an analytical 'methodology is the
development of pilot proficiency measures. The process used to denve candidate pilot proficiency mgasures
is 2 hybrid version of a function and task analysis. Normally, a function analyss is used to consider vanous

. configurations and allotments of functions between the man and the machine with the objective being the
selection of an optimum design. A task analysis 15 used to investigate performed tasks in order to ascertam
those actions which should be appropriated to the equipment and those to be assigned to the human
operator in order to achieve overall system efficiency. Since a system design or function allotment s not
required here, the function and task analysis used can be simplified. -

One basis for the systematic analysis of UPT’maneuvers m order fo éstablish pilot proficiency
measures is the categorization of human error. In Meister (1971), human error 1s categorized into three

types:
1. Faﬂﬁre to perform a required action; that is, an error of omission. °

2. Perfom;arice of the mission in an incorrect manner; that is, an error of commission. . - \
3. Performance out of a sequence or at an incorrect time. * .
- . | AN
Function and task analysis’ carf be used to ascertan these classes of errors, their- causes, and their -

cause/effect relationships. However in training and evaluation, one cannot be constrained by hmiting _
definitions of human error and by analytical approaches tailored to eqmpment-dengn and development. N
Recognizing the poténtiality of such tools, accepting their hmitations,-and using such knqwledgeto develop

new tools provides an effective analytical approach. This has been accomplished tm%_analyncal \
methodology described here. . -

Historically, maneuvers were developed to-train student pifots for combat so-that-when the aircraft
man machine system is pushed to its capabilities, the pilot has an adequate recovery reaction, denved from
a matrix of possible altemnatives. The leaming task for the neophyte pilot is one of acquifing new maneuvey -
responses The advanced pilot learning task i in the selection and utilization of these responses mn  suelia
, ‘way as to fulfill a2 mission objective. Combat skills require a high proficiency in response selection 2§ well as

response (performanée). Therefore, pilot skill evaluation tools require techmques which allow gathenng of.
information in both areas. v s . s ’ g

In each of the five UPT maneuvers qusidered here, the importarice of task selectivity is magmified
.during pilot generated error compensation tasks. One approach used in performance measurement is
assessmient of a simple difference between the achieved path and the reference path. Thus, when a pilot
commits a' flight control error this measyre continues to penalize him yntil he recové'r"s./'ms 1s.1n spite of
the fact that he may be using cotfect recovery techniques. Such an approach eliminates measuge sensitivity
to the skills involved in the recovery tasks performed by the pilot. The freedom of response selection in ~
such tasks is greatly increased over the reference maneuver task, indicating a requirement to develop a lugh
skill level in selection of error recovesies. Therefore, the analytical tools required for this maneuver analysis
should include an evaluation.of pilot secovery tasks. s

Steps Employed in the Developiment of Pilot Proficiency Measuréments. The approach starts with the
gathering (data collection) and study of basic background information including, but not limited to, Surdraft :
dynamics and maneuver data. Primary data sources included maneuver analyses (Baum, Smith, & Goebel,

~1973) prepared with the assistance and agtive participation of Hq Air Traling Command (ATC) officals
and current T-37B instructor pilots. Supplementing these basic apalyses were ATC flight manuals and
technical orders for the T-37B, ‘and maneuver training films used in the academuc portion of UPT (see biblio- '
graphy. -* Finally, plots” of real data recorded on a T-37B aircraft during performancg of the maneuters .
. were used to abtain realistic-estimates ‘of ranges, tolerances, and critena in mstances where other data
.~ Sources praduced conflicting or otherwise ambiguous information. (The. plots were produced duting a
. g);e;lg;))us study to establish the feasibility of automated T-37 performance measurement (Knoop & Welde, 4 .

: ( . . - 1
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The iitial ;evxmes? datdpfonded the mvestigating team an .excellent general understanding of
the performance obygctrves of each maneuver. In-depth reviews of the data, during the subsequent work on
function and task segmentation and :dentification of candidate measures, assured that maximum use was
made of all existing information and inchided cross-checks between the various data sources. <

The following five steps (fun::nan and task segmentation)are performed uniquely for each maneuver
and are 1mplemented n Section V1L The first step is to identify the pilot performance tasks required for
each maneuver. This provides a sequential list of all the tasks including ‘centrol, perceptual, and other
required for the performance of the maneuvers. . : N

The second step 1s to develop time charts fos the delineated maneuver tasks for each maneuver. Such '
a chart indicates the appropnate time domain for each -task, the sequence of occumence, and the
appropnate overlapping of task domans. The chart includes control tasks, perceptual tasks, and critical X ]
discriminations. RN ) .-

The third,step 15 to determine the control functions required for each task of each maneuver.
Emphass 1s placed on identification of dominant control functions. The determination of tiese dominant
control functions necessitates the observation of their time relationships. This directly léads into step four
which is to identify the maneuver function segments. _ - =~ : : ‘

Step five is to establish the task §eg'r/n'ems. This segmentation process follows the function
segmentation due to the prerequisite of establishing the appropriate operational réquirements for the
accomplishment of these specific tasks. o - : .

The final three steps (proficiency measure development) are ixm;lemented in Sections V11 and VHI of
 this report and are as follows:

1. Establish flight error measurement rationale, !
T 2. Develop cgndidate‘proﬁciency measures for-each task segmen/t, and N

3. Develop candidate methods of combining proficiency measures. .

"7 IV. FUNCTION AND TASK SEGMENTATION OF UPT MANEUVERS™ =

General .

» , The analysis techniques distussed 1n the previous sections were applied to the five UPT maneuvers to
identify the.measure vanables and measurement rationale fequired to specify candidate pilot proficiency
measures. The procedure employed was as follows. (1) Identify pilot performed tasks for eath maneuver,
(2) Develop time charts for the pilot tasks, (3) Determine control functions required for each task, C3)
“Identify function segments, and (5), Establish task segments. Logic employed in the methodology for the |
selection of the measurement vanables 1s shown in Figure 1. For each task in a maneuver, the associated
control functions are majched aganst the measurable flight variables to determine which of these variables
are hughly, correlated with those confrol functions. The result of this tomparison is the identification of
candidate measure vanabifes. The natufe of the dominant contsol functions and associated measure variables

1 examined s0 that candidate measure operations and methods of combining measures can be devised.

0 " - .

. Ixzy 8 .- ., ’ N .
"Table-l lists the vanous tasks which must be completed in order to perform a lazy 8 maneuver. These

_ tasks are organized into appropnate function segments and task segments. The first function segntent is the
“mitial”" segrment in which the establishment of the pre-maneuver flight attitude is aftained. There, are
continuous tasks mvolved in these inttial function segments, however, this does not warrant the treatment
of these initial segments as locus se due to the nature of their discrete outputs. In lieu of this, the
inshal segment 1s treated as a sequence seginent which relatedevents in timé. As an example of a continuous
task being treated as a discrete event, consider the attainment of an aifspeed of 215 knots. To do such, 2
pilot must consistently monitor hus atrspeed mdicatox,ap?‘mpxiatc]) adjust the throttle, and either wait for | .
the thrust to boost the airspeed to the desired level or pitch down in order to attain the fequired velocity. v
‘In such a task the primary importance is on the attainment of the_required airspeed and less impGrtance is

..... [ R

placed on the method of airspeed attainment, ’ T . v

. ¥ J . ' ° : .
. ‘. , R . 1 ; . s .
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Table 1. Lazy 8(Tasks o

i

" Funétion Segment ;lnmalq
Task Segment: Initial * ", * _ :
Establish level flight at 8,000 feet.
Set power at 90% RPM.
Attain an airspeed of 215 knots. tos

Visually clear the areay » X
Select a horizon reference pomt dxrectly off the nght wing up . ) .

Aol ol e

Function Segment-Lazy 8

Task Segment: First Eighth _—

6. With the arcraft nose projection on the honzon form a symmetric eight laying on its sxde with the .

horizon as the long axis.

7. Blend aileron, rudder and elevator pressures starting a gradual ehmbmg right tum, contmumg to
monitor and control the pitch, bank and tum rate so as to attain a maximum pltch attitude with 45°
of bank at 45° of tum.

8. Monitor and control the tuming rate so as to attain the reference pomt in the center of «the

windscreen at 90° of tum. . ’ .
9. Monitor and control the pitch and tuming rates so as to attain a 100 knot maximum loss in airspeed
at 90° of tum.

10. Moriitor and coritrol the roll so as to attaina 90 bank at«the lowest velocity point.
. 11, Establish and discern the maximum pitch attitude with 45° of bank when the aircraft has tumed 45°.

Task Segment: Second Eighth
12. Lower the nose slowly to the honzon and toward the reference point while mcreaszﬁg the bank,

continuing to monitor and control the pltCh bank, and tum rate so as to attain a 90° roll, zero pltch'

and 115 knot velocity when the aircraft has tumed 90°.

13. Cross and discern the horizon with a 90° bank with a 100 knot loss in entry auspeed with the
reference point in the center of the windscreen at maximum barometric altitude.

Task Segment: Third Eighth . .

14 ‘Decrease the bank at the same rate as it increased i order to describe the same size curve below the
horizon as it did aboye while con.tmmng to monitor-and control pitch, ban and turn rate so as to
« first attain a° mimmum pitch with 45° of ‘bank when the zircraft has tumed 135°.
15. Monitor and controi the tuming rate so as to attain the referenoe point off the left wing tip at 180°
i of turn.
16. " Monitor and control the pitch and tuming rate 50 as to attain 215 knots airspeed at 180° of turn.
'17.  Monitor and control the roll so as to attain level flight at ther}ughest velocity point.

18. F.stabhsh and discern the minimum pitch attitude with 45° of bank when the aircraft has tumed
135°.

Task Segment: Fourth-Eigh
19. Raise the nose slow

altitude and 215.kglots auspeed when the aircraft his tumed 180°.

. 20. Establish and discarn the position of the reference pomt directly off the left wing tip while at 8,000

“

21, Immedmtely begin and control a chmbmg turn in the direction of the reference point at the same -
‘4 rate, same proportion, but in an opposite rotational direction as in the first tum, continuing to
monitor and control the pitch, bank’and turn rate so as to attain a maximum pltch attitude with 45°
of bank at 45° of tum. - ‘

LS

to the horizon contmumg the roll out 50 as to attay{x level flight at 8,00Q feet_




A ' Table 1 (Continued)

- Fungtion Segment Lyzy § ®

T

, 42 Monitor and 9ontrol the turning rate so as to attain the reference point i the center of the

windscreen at 90° of tum. . ¢
23. Monitor and control the pltch and tuming rates so as to attain a 100 knot maximum loss in airspeed
at 90° of tum.

24. Monitor and control the ;ofso as to attain,a 90% bank at the lowest velocny point.
25. Establish and discern the maximum pitch with 45° of bank when the aircraft has tumed 45°.

Task Segment: Sixth Eighth

26. Lower the nose slowly to the horizon and toward the reference point while mcreasmg the bank,
continuing to monitor and control the pitch, bank and tum rate so as to attain a 90° roll, zero pitch,
and 115 knots velocity when the aircraft has tumed 90°.

27. Cross and discern the horizon 'with a 90° bank with a 100 knot loss in entry airspeed with the

-~ reference point in the center of the windscreen at maximum gltitude.

Task Segment: Seventh Eighth , fa

28. Decrease the bank at the same rate as it increased in &der to descnbe the same size loop below the
horizon as it did above while contmumg to monitor and_gontrol pitch, bank and tum rate so as to
first attain a minimum pitch with 45 of bank when the aﬁ;@aft has turned 135°.

29. Monitor and control the tuming rate so as to attain the reference pomt off the nght wing tip at 180°
of tum. 4""?%

30. Monitor and control the pitch and tumning rate so as to attain 215 knots airspeed at 180° of tumn.

31. Monitor and control the roll so as to attain level flight at the hlghest velocity point._,

32. Est;.plish and discern the mimmum pitch attitude with 45° of bank when the aircraft tas turned
. 13 ,

Task Segment: Eighth Eighth . . ' :

33. Raise the nose slowly tb the horizon, continuing the roll out so as to attain level flight at 8,000 feet
altitude and 215 knots airsgeed when the aircraft has tumed 180°. .

34. Establish and discem the position of the reference point directly pff the right wmg tip while at 8 000
feet and 21'S knots and 180° turn.

[

L L 4

Tasks 4 and 5 of the Lazy 8 initial segment are perceptual tasks and cannot directly be measured from
the aircraft flight variables.

. The next and dominant function segment of the Lazy 8 maneuver is called the Lazy 8 segment A

consistent set of control functions 1s dominant throughout the entire Lazy 8 function segment, however,
there are eight task segments contained within the Lazy 8 function segment. Each task segment ends with
specific critical disciminations of flight variable values. Task 6 is the continuoys perception task of forming
a horizon projection of an 8 laying on its side. Thls vxsuahzanon can be closely approximated by a plot in a
pitch and roll space. Tasks 11,13, 18, 20, 25,2 and 34 are all critical discrimination tasks markmg the
ending of a prior task segment. '

All of the tasks listed in Table 1 are plotted in thelr associated time domains in the Lazy 8 time chart
(Fzgurc 2). In this time chart, the appropriate task segments which follow sequentially in time are listed at |

the top. All continuous feedback tasks are indicated by circles with lines extending until their termination
point in time. The critical discriminations are drawn as triangles. The tasks have been broken down to their
smallest components (segments) which are clearly discerned by the appropriate placements of the critical
discriminations. (A higher level of task segmentation is possible. For example, there are four equivalent

domains in this task time sequencéd reflecting similar tasks which could have been used for task i

segmentation. However, the smallest task components are used for thz%study )
With the exception of the initial segment the Lazy 8 maneuver is dommated by roll and pitch.

Therefore the employed measurement variables must directly reflect these two dominant controk .
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functions. Other control functions which influerice thé system’s output are yaw, trim, RPM, the rate of

descent ‘and climb, heading, altitude, and airspeed. All of these are factors which the pilot must adequately
control. However, roll and pitch maintain theis dontinance throughout the entire Lazy 8 function segment.

Figure 3 indicates four flight varjables (pitch,altitude, airspeed and roll) along with identification of
task segmentation and function, segmentation. NumbBess shown in parentheses adjacent to task segment
numbers indicate similar (except for roll) task segments elsewhere in the maneuver. For example, Task
Segment 1 is similar to Task Segment 5 except that 5 is accomplighed with a negative roll aggle. Inspectionof
the pitch and roll plots show that the critical discrimination tasks are those components where the values of
p1tch and roll attain maxima, minima, and zero. .

.
. -
.

Approach and Landing ) ‘ . ) .

Table 2 lists. the tasks involved in a left-turn landing pattem maneuver. A]l*iums associated with the
holding pattcm including the tum into the initial, can be considered as discrete évents leading up to the
turn entry over the pitch out point. Tasks 5, 8, and 9 are all perception tasks which are not measured
directly. - R

The usual operational method is to.evaluate performance of the maneuver up to touchdown. This
reflects a training policy which allows a greater number of landing attempts per unit tilne by landmg to
touchdown and then immediately taking off (“Touch and go™). However for maneuver analysis ‘the
touchdown, the nosedown, and the rollout tasks are considered as part of the landing maneuver. 4"

Elgure 4 is the time chart for the normal approach and landing maneuver. The landing is divided igto
13 segments. The greatest density of tasks occurs during the descending task segment. The continuous tasks
which have dotted lines undemeath their straight line extensions are those tasks which involve the
monitoring of some continuous variable and the application of a discrete control function. These include
trim tasks and ground break tasks. During the downwind segment there are several discrimination tasks
which sequentially follow each other. However, these do not constitute indmdual task .gegments becatise
except for Task 29, they do not mark the ending of a continuous task. ’ BT -,

7 Table 2. Left Tum Appx_'oach and Landing Pattem_Tasks e

-

o o

Tl .
Funétion Segment: initial:

Task Segment: Entry .
1. Establish level flight at 1,000 feet from holdmg pattem before entenng u'utlal approach e

2. Estabhsh an airspeed of 200 knots. :
: Jl,. Momtor .and controlymttle , pitch anq roll so as to maintain a constant a1rspeed until pitchout is
- 7% initiated. .
A

4. " Monitor and’ control the pitch so as to mamtaih a constant altitude until the final tum is initiated.
5. 1sually clear the area. . :

Task Segment Initial .

6., Monitor and control aircraft functions so as to tum onto the initial approach so that the ground track
is aligned with the runway centerline.
7.. Make the required radio call.
8 Select specific ground references which reflect the rollout (at end of tanding see Figure 4) and
~ pitchout points_at one half mile from the end of the runway, and 3 000 feet to halfway down the
ruriway, respectjvely.
9. Visually clear the area of traffic. ) -
10. Establish and discemn a ground track rendezvous with the reference pitchout’ pomt

Function Segmant: Pitchout:

Py

. Task Segment: Pitchout

t1.  Blend aileror, rudder and elevator prmums establishing a 60° of bank left turn. N
12 “Monitor and control the tuming rate so as to attain a 180° reversal in headmg, parallel w1th the

0 v . ’
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Function Segment: Pitchout ,

-

13. Retard the throttle to 55% simultaneous Wil}/} e pitchoiit.
14. Monitor and control the airspeed to attain a minimum of 120 knots by initiation of the final tum
15. Monitor and trim pitch and roll so as to- rehe:?e/ undue.presurc's T . '
16. Establish and discern a 60° bank. ¢ ’ T Pt
177 Maintain a 60° banking tum. : U
18. Establish'and_discem the appropriate near completion of] the turn., - . .
19. Blend aileron, rudder and elevator pressutes to rollout completing 180° of turn.. * :
20. Establish an(\zgiscem a straight and level flight after a 180 tym.
™ Function Segment: Downwind: ’ ) -

- Task Segmeni: Downwind

21.

22
et how 0

23.
24,
25.
26.
27.
28.
29.

Select a horizon reference point to aid in runway parallel flight., :
Monitor and control pitch, roll, and yaw {o maintain a flight path parallel to the runway using the
reference point as a nose target.
Extend the speed brake.
Monitor the airspeed and discern the velocity loss to 150 kmots, - : R

,At 150 knots put the gear down. ) ’
Chieck that gear is down and locked. : : C
Locate the final turn rollout point. )
Immediately before reaching a position opposite the rollout point, place the flap handie down
Establish and discern a ground track opposite the rollout point.

= Function Segment: Final Turn: e . e

Task Segment: Final Turn

-t X { . .

30. Immediately opposite the rollout point, blend aileron, rudder and elevator pressures to enter into a
) 45° descending bank. ”
31. Monitor and control the descent so as to attain approximately” 100 fpm vertical velocity. . :
"32.. Monitor and control the descent and tum sd as to atain a 700 feet loss i in gltitude at 180° tum, over .
) the rollout point and aligned with the runway. . ;
33. * Monitor and control the airspeed to hold 110 knots. ) RN
34. ‘Trim pitch and roll so as to relieve undue pressures.
35. Establish and discern a 45° descending bank. L
36. Maintain 2 45° descending tum. ) : )
37. Make the required radio commumcatlon . AR o
38. Establish and discern the appropriate near completlon of the turn. - -
39. Blend aileron, rudder and elevator pressures to rollout, completmg 180° tum.
40. Establish and discern a 700 feet loss in altitude at 180° of tumn in 2 level and falling trajectory,
alxgned with the runway when ‘the ground track rendezvous with the rollout point. :
* . "/ Function Segment: Gilde Path: | . .
Task Segment: Fi }"'nal'Appriat;:l/ R e . o .
41. Maintain alignment witlf the unway. N
42. Maintain a smooth constant glide path by controlling throttle and pitch so that the last 300 feet of
altitude is traversed when the aircraft reaches the touchdown point. -
43. Place the end of the runway (aim pomt) in the center of. the mn&screen ,and maintain it at this
. ‘position until roundout. . .
4a. Control the throttle to allow the mrspeed to decrease to 00 knots e
45. Establish and discern the desired airspeed coincident with a position just in front of the aim point.
. . oo ;. . .

. Yo - . o
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e E ' Table 2 (Continued) L

. Function Segment: Glide Path: - T . R
Task Segment: Roundout ' ' ‘ . .

46. Immediately before the aam point is reached apply back pltch pressure to hold the aircraft just off the

47. ,Gradually reduce the power to idle and decrease the an'speed to 7 5 knots
48. Establish and discern aucraft holding position just off the runway.

Task Segment: Touchdown & .
49." Control the pxtch to smoothly touchdown the rear wheels. d\

|~ runway. . /
-

50. Establish and discern rear wheel touchdown. . P
51. Control'the pitch to. smoothly lower the nose wheel to the runway *& g
52. Establish and discern nose wheel touchdown. o , ’ '

$3. Retract the speed brake.

54. Check rudder pedals to neutral. - *
*55. Engage nose wheel steering. ' ’ .
56. Control and monitor nose wheel steering. LA O o
57. Apply brake pressure as required to slow to taxiing speed. .- :

-

The major control functions Tulfilled by the pilot for the normal approach and landing pattern are
—roll, pitch, airspeed, altitude, and ground track. Of these, axrspe;d_xs a function of RPM and other flight
control functions. Perceptive process functions monitor and, analyze the corresponding flight variables
which reflect these. control functions and determine thelr impact upon airspeed. Airspeed, therefore,
becomes the focus of functions, and is dominant for certain segments. A Slmllal‘ rationale also applies for
the altitude control function. -

Minor control fnctions required during a normal approach and landing maneuver are trim, rate of
descent, nose wheel steering, wheel brakes, RPM, yaw and heading. These continuous functions are affected
by the application of the discrete control functlons of speed brakes, flaps and gears. For the purpose of
analysis, the trim and the wheel brakes contol function is included in the continuous control functions due
to the nature of the continuous monitoring tasks which must be performed in order to utilize these discrete
control functions. .

,

The dominant control functions required for‘the vaﬁousxfunctional segments are as follows:

1. The initial functional segmient has the dominant control functidns. airspeed, amde, and ground
track.* o

2. The pitchout functional segment has the dominant control functions: roll, pitch axrspeed, y
alfitude and‘ground track.* - ; .

3. The downwind functional segment has the dominant control functions. pltch axrspeed altltude
and ground track * . .

,

4. The final tum functional segrnent has dommant control functlons roll pitch, airspeed, altltude
and ground track.* ‘

5. The glide path has dominarit control functions: altch altitude, airspeed, and ground track .*

6. The rollout‘functxonal segment has ground track*‘és its dominant control funttioh. s

tee
3

R -
.
-

*Gro\md track | is not measured directly in the aircraft. It may be possible to usc heading m(ormauon in conjunction
* withan estxmatc of ‘wind force¥and an aircraft model t(reshmate ground track. ‘

. »
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Figuré S relates various variables and segments for the Normal Landing maneuver in the appropriate time
domain. During the initial function segment, the dominant control functions do not reflect variables which
maintain sighificant amplitudes in their variations. Therefore, the initial function segment can be considered
as an event sequence, i.e., measured with respect to an end condition tolerance. On the other hand, the
jtchout functional se t does mamtam significant amplitudes in'the variation of their respective flight
_, - *variables. Therefore, I add airspeed are candidate measure variables in that segment. Thus, the pitchout
functional segment is treated as a locus segment. On the other hand, the downwind fynctional segment
maintains a significant vananon of only one dominant control function (airspeed). Therefore, it is useful to .
consider the downwind as“an event sequence which is ordered with respect to airspeed. The final tum
maintains significant amplitudes in the variations of control functions roll, pitch, and altitude. In this
instance, the rate of change of altitude is a function of the pitch. Therefore, it would be efficient to exclude
either the altitude or the pitch from the measurement variables since one of these reflects the other. Since,
altitude is the net end, objective of pitching, the pitch is dropped in favor of the altitude micasurement .
variable. The glide path. can include the tasks of roundout, touchdown and nosedown if these tasks can be -
measured. Pitch is considered as a measurement’ variable along with altitude and alrspeed As before, ,
altitude rate of change is a function of pitch and other variables, but; plide path errors can be analyzed as an
independent variable. Fmally, the rollout is analyzed as ain event sequence in time.

.
-
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" Barrel Roll

Table 3 lists the tasks involved for the performance of the Barrel Roll maneuver. :I‘he Barrel Roll tasks
are similar to those of the Lazy 8 maneuver. They both require a perceptual task to form a specxﬂed
geometric figure with the nose pro;ecthn upon the horizon. Figure 6 illustrates the Barrel Roll with its task” o~
segments time charted. In this case, there are two uutlatmg task segments leading up.to the Barrel Roll
maneuver segments. These are termed “initial” and “entry.” Both segments contain continuous feedback
tasks terminating with critical discriminations. Note the overlappmg and sharing of thé€ same time space of
Tasks 9, 10,11, 12, 13,and .14,

The Barrel Roll can be divided into two partitions of consistent.continuous control function domams
These segments are termed “initial” the “barrel.” The. mltlal’mcludes two task segments (initial and
entry), as discussed previously. The t€ason both segments are considered within the same functional | -.
- segment is due to the shared objective of entry attitude. This consideration allows the treatment of the
initial function segment as an event sequence in time. The initial fonction segment has dominant controt
functions: airspeed, altitude and heading. Its minor control functions are yaw, pitch and roll, During the
initial Segment, the pitch seems to take on the major function role. However, the objective of the pitch
down phase of the initial segment is the attainment of a specxﬁc airspeed. This attainment of airspeed.is so .
specific that it can therefore be clearly separated from the primary portiqns of the barrel roll maneuver.
The same argument applies for the roll during the entry task segment. .

Table 3. Barrel RollTaks = B .

o " . . Function Segment: Initldl: .- ) N .
TaskSegment Tnitial - ' - - , oo SR h.
- . . R .. ' 4 T &
*1. " Establish level fhght at 8 ooo feet, e "y .
2. Selecta reference point on o riear.the horizon. N . . !
. 3. Visually cléar the area of all aircraft. : ; B .
.« & Set powerat90% RPM. | "t .y L ' .
5. Enter a shallow dive with. the nose of “the aucraff below the reference pomt in order to attam an air '
4Speed °f230 knOtSa . . b . R . N -
6.  Establish and dLscem an an'speed of 230 knqt§ e Yo s g ., ~
~ - ' ’ s ” v v .
’. 'l'askSegment Eptry o 7 te ' ' o e - V- !
. 7. Begina coordmated tumn in the opposite direction of the deslred roll inordet to raise | the nose to the .
horizon ata wings-level attitude in.a direction 20 £ 30° to the side of the referem:e point. .t
8. Establish and discern a level flight in a direction 20° -,-\30" to the side of the reference point. T
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. o i Table 3 (Continued)

- - R Function Segmént: Barrdf: ’ : T -
Task Segment: First Quadrant _ )
9. Monitor and controt the aircraft flight parameters such that the nose of the aircraft describes a circle:
around the reference point on the horizon. © . .
10 Immediately and smoothly raise the nose while gradually blending in aileron and rudder pressure
-entering a clibing roll, so that mgximum pitch rendezvous with 90° roll.
1. Control ailerons so that a constant rateof roll is maintained throughout the maneuver.
*12 Control pifch, ol and yaw such that the angle between the reference point and the nose projection 1s
kept constant tiffoughout the ‘maneuver. .
13. 7 Coordinate the controls so that minimum airspeed coincides with inverted flight, not to decrease )
below inverted stall. .
14.  Coordinate the controls so that maximum altitude coincides with inverted flight.

15 Bstablish and discem a maxinfum pitch equal to the original offset angle when a 90° roll 1s attained,
) thus describing one quadrant of the projected circle. o, .

Task Segment: Second Quadrant

16  Relax some of the back pressure while continuing the same rate of roll by blending in more aileron
pressure so as to attain a 1807 roll at zero pitch-with an offset angle equal to the initial but to the
opposi side of the reference point, with the minimum airspeed and maximum altitude. i

) 17. Establish discerit a 180° roll at zero pitch with an offset angle equal to the initial but to the

- opposi of the ‘reference point, with the minimum airsped- and-maximum-—altitude thus— -

describing the top haif of the projected circle. ] o

Task Segment Third Quadrant ) i

18  Begin applying increasing back pressure while continuing the same rateqof roll by decreasing ailéron
' . pressure so that the nose of the aircraft describes the third quadrant of the projected circle below the
< horizon culminating with a maximum negative pitch rendezvous withy270° of roll, .
19  Coordinate the controls so that minimum gpititude equal to that of the-initial low altitude, comades
with level flight. ' ’ . .
20 Establish and disceim that the maximum negative pitch coincides with 270° of roll, thiis describing
: “three-quarters of the campleted circle. ~ i

-

Task Segment: Fourth Quadrant ° N
.21 Increase back pressure and decrease aileron press’ure $0 as to attain a 360° roll with a zero pitch at an
offset angle the same as the initial. . .

‘22 Establish and discem a level flight at the original offset angle to the reference point thus dgsénbmg
the completion of the 360° nose projected circle about the reference point.

-,

During the barrel function segment, pitcvh and roll are the dominant control functiqns. The minor

control functions are yaw, altitude, airspeed and heading. . : s

The dominant control functions are shown as a function of time in Figure 7. Pitch and rofl afe seen to
maintain significant amplitudes in their variation and are continuously variable throughout’ the entire
N maneuver. Therefore, the, barrel function segment tan be considered as a locus segment described by a

. funetional relationship between roll and pitch. )

Split S ’ ) ) - .
Table 4 lists the tasks required for the performance of the Split S Maneuver. The Split S is a recovery
maneuver from a position of near stall with 90 percent of the engine power. There are 17 tasks involved m .
the performance of this maneuver. These tasks are divided into 4 task segments. initial, entry, pull through, . |
and exit These task segments are in tum subsets of the two funcfion segmegits, the initial and the halfdoop. - . |
The final objective of the initial function segment is fo pitch up and roll'tp inverted so that a pull through

25 ‘ S “
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Tecovery can be initiated. The time shaing bf these tasks is represented in Figure 8. Task difficulties are

increased at the entry point as shown by the time sharing of Tasks 10 and 11. This difficulty of sharing
time domain betwéen various tasks continues throughout the entire halfloop function segment. Note that

e “the roll to iriverted & a continuous feedback task occupying very little time. Its objective is to attain an
attitude for pull through execution. Therefore, it i considgred as an event in the event sequence of the
initial function segment. The same holds true for the pitch up at the start of the climb.

* v 7 Tubled. Split S Tasks
N L . ,  Function Segment: Initial:  ~ )
«Task Segment: Initial ’ : . ; .. v

1 Establish level flight at a sufficient altitude so that the.altitude loss incurred irt the maneuver does not
cause a penetration below 5,000 feet-altitude. ’ .

2. §etpowerat90%RPM.- .

3.~ Visually clear the drea of all aircraft. .

4. Pitchup25°. : ‘s

" 5. Monitorthe airspeed to ascertain a decrease to 120 knots.
. 6. Lower the speed brake if the airspeed is excessive.  + -
7. Establish'and discern a 120 knot airspeed. '
. 8. Retract the speed brake if used.
9. Roll the aircraft 180°.
( > . Function Segment: Half Loop -

. TaskSegmentr Entry e

10. E.x;cute ahalf-loop to attain a reversal in heading arriving at an erect and level attitude,

11.  Slowly apply back pitch pressure bringing the nose of the aitcraft through the horizon in order to
attain the maximum bdck pitcli pressure possible without stalling. L '

12. <Establish and discern a maximum pitch back pressure without stalling.

T Task Segment: Pull Through . . . .
13.- Monitor and control the acceleration to insure that the ‘G* limit is not exceeded through the pull
through. - .

14. Hold a maximum back pitch pressure.
15.  Establish and discern the appropriate near completion of the pull through.

Task Segment: Exit N o

16  Release back pressure as the pull throuéh nears completion to attain level flight in a reversed heading.
17.  Establish and discern a reversal in heading at 4'straight and level attitude.

' function segment. - . ta

Minor continuous control functions are yaw and Heading. Pitch and acceleration are dominant control
functions for the half-loop function segment. The minor functions are altitude, airspeed, and heading.
Figure 9 illustrates the dominant measure variables_as a, function of time. As shown, they further maintain
significant amplifudes in their variations and their first time derivatives consistently sustain non-zeto values.

\ .

‘ Cloverleaf .

“The Cloverleaf maneuver is‘broken into component tasks as shéwn in Table, 5. It shows the parallel
relationship to the Split S maneuVer. As with the other maneuvers, the first function segment establishes

v L4

5 -

The continuous contfol functions altitude, airspeed, pitch, and roll are dominant in the initial

the entry attitude for the aircraft. The climb function segment. follows the initial and is the entry into the.,

loop portion of the maneuver. Pitcjﬁng up until 45° pitch angle is attaiped, the pilot enters into the ascent
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tum function segment which is the first of the 4 similar loop function segments to be employed. The ascent

. tum, basically accomplishes a roll to inverted along with.a. 90° change in heading. The halfJoop_function

segment is a ptflll through similar to that of the .Split S maneuver except instead of exiting at a level flight
, attitude, the pitchout is continued by raising the nose through to another ascent turn functional segment.
The repetition of these two functional segments continues until the fourth and final cloverleaf loop is in its
halfloop phase. At this point in the maneuver, the pull through is scheduled for termination just before the
straight and level attitude is attained. The rate of pitch change is diminished to zero instead of following
through with a continued pitch dse. This acqomphsh&s an effecuve exit from the maneuver at a straight and
level attitude.

-

- Tubles. Cloverleaf’l:du .

Function Segment: Inttlal: .

Task Segment: Initial : I

1. Estabhshlevetmghtalsooo&et - A
. 2. Set throttle to 95% RPM. . )
3, Visually clear the area-of all aircraft. ’ '
4. Select 4 reference pomts on the honzon one tq the front, one to the rear, and one off of each wmg
tip.

5. Eater a shallow dive to gain sufficient auspeed 0. that as the aircraft is retumed to level fhght an
entry airspeed of 220 knots is attained.”

6. Establish and discern a level flight at 220 knots. L L e
_Function Seyment: Climbs -
Td(Segment Pitch Up . ' - .

7. Perform four equivalent thsted loops, turning 90 from, cntry headingat 45° of ascent pxtch in such
a manner as to form two concentric crosses on the ground with the nose projection. Thg, cross tips _
should terminate at the 4 reference points.  +

8. Immwmtely following. the 220 knot airspeed .attainment, .continue. smoothly exertmg back pitch
pressire to maintain a constant rate of pitch in an ascending loop so as to attain a 45° pitch attitude.

9. Coor?ﬂnate the controls so that minimum airspeed oomcxdes with maximum altitude at mverted ﬂxght‘
at the top of the twist loop.

10. Monitor and control the loop tuming rate so that level attitude oomcldes with 90° to the nght change
in heading at the end of the loop.
11." Establish and discern a 45° pitch attltude with zero roll. - . .

Function Segment: Ascent Turn:

Taek Segment: Turn ' "

12. Blend in roll to execute a 90° left asqendmg turn attaining an inverted attitude directly headmg at the
left wing reference point‘at the top of the first loop.

13. Establish and discemn a 90° left tum, mverted attitude, maximum altxtudc and minimum airspeed at
the top of the firgt twistedJoop.

Y. -

. Function Segmant: Half Loop -
Task Segment: Pull Through - . T e v

14. . ‘Execute a loop'o attain a reversal in heading, arriving at a 45° pxtch wuh a zerosroll,
15. Control the aircraft in such a manner as to point 3 straight line from the original left wing tip horizon
. reference point to the right wing reference point with ‘the aircraft nose projection, This line will be
perpendicular to the original line of travel, - -

16. Monitor and control the pitch to insure that the ‘G’ limit is not exweded through the pull through
- anda conistant rate.of pitch change is maiptained. .
17. Establish and discern the right reference point in the center of the windscreen at level ﬂxght
. completing one perpendicular line projection and completmg one Ioop




Table 5 (Continued) - o . .

; - - » -Function Sesment: Half Loop
) Task Segment: Pitch Up 2 : - . .
18. Coordinate the control so that minimum auspeed coincide thh maximum altitude at mverted flight
at the top of the twisted loop.
19. Monitor and control the loop tuming rate so that level attitude comades with 90° to the right chapge .
- in-heading at the end of thé loop: v
" 20. Establish and discem a 45° pitch attitude with zero roIl. : ’
Function Sesmant: Ascent Turn 2: i - . . -
Task Segment: Tum 2
21. Blend in roll to execute a 90° left ascending tum attaining an mverted attitude directly heading at the
forward reference point at the top of the loop. , -
22. Establish and discern a 90° left tum, inverted attitude, maximum altitude and minimum airspeed at
the top of the second twisted loop - -
Function Segment: Half Loop 2: . R
‘. * Task Segment: Pull Through 2 s ‘
* 23. Execute aloop to attain a réversal in heading, arriving at a 45° pitch with a zero roll. .
. 24. Control the aircraft in such a manney as to point a straight line from the original forward horizon |
: reference point tothe tear reference point with the aircraft nose prOJectlon This line wxll be parallel ,
to the original line of travel. . v

25. Monitor and control the pitch to insure that the ‘G’ limit is not exceeded through the pull through
and a constant rajs of pitch change is maintained.

26. Establish and discen the rear reference point in the center of the w;ndscreen at level flight
completing the parallel line projection, the first ground cross, and the secoxid loop

-~~~ i Task Segment: Pitch Up 3 C T
te ) 27 Coordinate the controls so that minimum airspeed coincides with maximum altitude atinverted flight - ‘
A at the top of the tw1sted loop. . -
" 28. Monitor and control the loop turning rate so that level attitude oomcxdesgvlth 90° to the right change
in heading at the end of the loop.

» .

29. " Establish and discemn a 45° pitch attitude with zero roll.

Function Segment: Ascent Tum 3:

* Task Segment: Tum 3

: — . 30 Blend in roll to execute 2 90° left ascending tum attmmng an inverted attltude directly headmg at the

. s right reference point at the top of the loop. .

’ 31. Establish and discem a 90° left tum, inverted attitude, ma.xxmum altxtude, and mmimum airspeed at '
' the top of the third twisted loop. S

& * . ’ . Y

—

- a« © Function Segment: Half Loop 3: ,
Task Segment Pull Through 3 . v

T - 32 Execute aloop to attain a reversal in heading, arriving at a 45° patch witha zzro roll.
) ) 33. Contro] the aircraft in sush a manner as to point a straight line from the origingl right horizon

reference point to the left reference point with the aircraft nose projection. Thm hne will be
perpendicular to the original hnc of travel.

34. Monitor and contro] the pitch to'insure that the ‘G’ limit’ is not exceeded through ¢

a constant rate of pitch change is maintained. W\
35. ‘'Establish and dxscem‘the left reference point in the center of the wmdscmen atlevel l: completing

the peq:emhcular line projection, the ﬁrst axis of the second CTO%, and the thxrd loop .

. ~
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Table 5 (Continued) '_ ’

Function Sesment: Half Loop 3: .

Task Segment' Fitch Up 4

36. Coordmate the controls so that minimum airspeed coincides with maximum altitude at inverted flight
“at the top of the twisted loop. .
37.._ Monitor and control the loop turning rate so that a level attxtude commdm with 90° to the right
change in heading at the end of the loop.
. 38. Establish and discern a 45° pitch attitude with zero roll. _

" Function Sesmaent: Ascent Turn 4:

i
"Blend in roll to execute a 90° left ascendmg tumn attaxmng an mverted attitude directly heading at the
rear reference point at the top of the loop.
40. Establish and discern a 90° left tum, invefted attitude, maximum altitude, and minimum airspeed at
~ the top of the fourth twisted loop. .

Segment: Turn 4

- -

Function Segment: Half Loop 4: N

S

Task Segment: Pull Through 4 C .

41. Execute a loop to attain a reversal ih heading, arriving at a zero degree pitch with a zero roll, headed
in the original direction.

42. Control the aircraft in such a manner as to point a straight line from the ongmal rear horizon

reference point to the forward reference point with the aircraft nose projection. This line will be
parallel to the original line of travel.
43. Monitor and control the pitch to insure that the ‘G’ limit is not exceeded through the pull through
and a constant rate of pitch change is rhaintained.
- 44. Establish and discern the appropriate near completion of the pull through

Task Segment; Exit '

45. Release back prcssum as the pull thrgfxgh nears completxon to attam a level fhght in the original
heading.

46. Establish and discem the forward reference point in the center of the windscreen at level flight
heading in the original direction oompletmg the last parallel line projection, the second ground cross
and the fourth loop. . . .

T

The composite ta.sks involved in the accomplishment of each of the function segments are
schematically drawn in Flgure 10, the Clovereaf Time Chart. As shown, the repeated structure in flight
tasks begins during the first ascendmg tum. 'I’lus in tum is duphcated during the subsequent ascending turns
two, three, and four. .

The dommant continuous control function utilized during the 1mt1al function ,segment are the
functions of airspeed, heading, pitch and altitude. Roll and yaw are of relatively minor importance during
this functional segment, During the climb, pitch is the single major control-function while heading, altitude
and airspeed take on relatively minor importance. Pitch and roll are the dommant continuous control
functions for the ascent tumns. Heading, altitude, airspeed and yaw are supportive control functions which
aid specifically in the discriminatory tasks. Pitch and acceleration control ate dominant duting the
half-loop. The minor functions are heading, altitude, "and airspeed. The m!atlonshjp in time between these
dominant control functions is shown in Figure 11, which relates the measurement variables, function
segments and various flight parameters for the Cloverleaf maneuver. The initial and climb function segments
can be treated as:a single event seduence in time. Thus, proficiency for ‘that segment can be measured by a
test which detenntnwgvanaple values are within tolerance limits at the end of the segment.
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. "V, SEGMENTATIONLOGIC * - S

’ ’, Introductron .' - . Ce . ‘ .

The functién and task segmentatron as c‘scusse:d in Section IV, is rmplemented in the computer
processor by a set of segmentation logic functions. This logic automatically divides each maneuyer into the
”  desired segments by identification of the proper start and stop conditions for each segment. Detailed logic

Beat equations are’ presented in (Connelly et al., 1974). In this section, we present z brief description of cues
. used for detecting task segment boundaries. ¢ a e
. . Automatrc Segmentation Logrc\ v .
2 ' R

The segment numbers and nar?ﬁs for the Lazy 8 are shown in Frgure 12.The prooessor automatically
determines a new segment upon 1der;'t1ﬁcatlon of the proper segment start condition. The end condition for
a segment is the start condition of the next segment The general logic for the Normal Landing, Barrel Roll,
! . Split S, and Cloverleaf is shown in Figures 13, 14,.15, and 16, respectwelx .

- * E

N vr. Gmnmon op M&r«:'uvmz REFERENCE cnrrr«:mon .
S * FUNCTIONS BY REGRESSION ANALYSIS ‘

PRI . [ v A
. i N . - .
.

‘Reference Functions o . oo

It order to develop candidate proficiericy measures it is first necessary to establish a reference
(cntenon) maneuver trajectory or.trajectories for each maneuver type. This reference is to be used for
comparison with student flights in order to implement error measurements. Generally the required reference’
functions are developed from maneuver specifications; however, the maneuver specifications do not
identify a unique reference trajectory. The question then is: “Is there more than one way to fly the
maneuver and achieve excellent performance?” If so, we then need to know if there is a manifold of
acceptable trajectories or are tliere clusters of trajectories which can be drstmgurshed One reason a
manifold of trajectories may appear when examining high performance data (i.e. , flight performance rated
excellent) is that trajectory parameters are requireéd. For example, the form of the reference tra]ectory may
be a function of initial aircrift states (attrtudes airspeed, and altitude), Likewise, thére is need to
investigate the relationship of propér fhght in one segment to that achieved in another segment For
i example, the second half of the Lazy 8 is to be an image of the firt half of the Lazy 8; therefore, the
8 , reference maneuver for the second half of the maneuver is based on flight patterns prodqoed in the ﬁrst
half. |

The*approach used here is to examine flight data from those flights rated exoellent and determine if _
these ﬂrghts satisfy the specifications and are dosely grouped together. The specific question to be
answered is: “Does the average over these test flights represent a suitable reference maneuver?” The
variance of thes& test fhghts is used as one method of judging whethet or not the average trajectory isa
suitable referente trajectory. For example, if all the high performance tést flights are grouped closely
together, (ie with a small variance compared to the variance obtained from the other performance
extreme; i.e., neophyte student pilot fhght}),\the average of the high performance flights can provide a
suitable referenoe maneuver. An illustrative example of this situation is shown in Figure 17. If it is shown -

- cluster. .

A further possrbrhty ig that a mamfold of hrgh performance flight trajectories may appear, all ,
members of which satisfy maneuver specifications. In such a case,all these maneuvers are satisfactory, but
one is to be preferred since it also satisfies some addition criterion (such as mhximum “ﬂrght smoothness™). .
In this case, there isa reglon of acceptable performanoe and one tra]ectory in that region is recognized as_
superror . ‘ .

. An alternative way of specifying a mianeuver reference is.to not seek an rsolated reference trajectory,
but instead seek a reference rdte of change of each critical flight variable within the flight envelope. For
example, we would seek to represent the desired rate of change of pitch angle as a function of pitch, roll,
yaw, airspeed and perhaps a maneuver state indicator in 1i&s of expressing pitch directly as a function of

. B PO R U N - . - ) - P

L that the high performance flights show several dusters a reference function can be constructed for each .

LR
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Name ) Start Condition

- - .

‘Initiall . » Tape Mark
- Pitch Up A 6 > S

Tun . : 6 >. 40

4
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4 |
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Figurs 16. Segmentation logic for cloverleaf.
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-aigspeed, roll, etc. The reason a variable rate of change as a function of the aircraft flight variables is used is

__ that the integral form (and associated initial conditions) is not required. Instead of constraining the
formulation to representing a specific reference in a given function space, the rate expression is used so that - o
the reference maintains a general applicability no matter where the flight path initiates. An example of this
method of representing a reference maneuver is shown in Figure 18. It is seen that with this approach, an
isolated trajectory reference is not acquired. It is also observed that high performance flight data over the
maneuvér envelop is required. . ‘ : S '

o

Regréssion Analysis Technique ** .. : . y N
A least squares regression analysis was performed on excellent rated performance demonstration data

to generate the desired reference functions for each maneuver segment. The specific functions that were | |
generated are defined in Section VII of this report. . s ;

The regression analysis is performed in an iterative way so that new Hata can easily be added as'it .
becomes available. The method is discussed fully in Connelly et al., (1974). . 4

[y
3

VII. CANDIDATE MEASURES |
General * P ‘

. As discussed in Sections I and IV, maneuvers are partitiéned into function segments and task
segments. A function segment is, that portion of a maneuver in which the set of dominant méasurement
variables is consistent. A task segment is that portion of a function segment in which the relatjonship
among dominant measurement variables is consistent. Pilot tasks required in each function segment can be
further categorized as locus (continuous) segments, and sequential segments (eYent tasks) where the locus
_ ang sequence segments are not necessarily mutually exclusive. For example, several discrete tasks may be
required 4n a lotus segment. Thus, a portion of a maneuver could be simultaneously treated as a locus
segment, as well as a scquence segment. Evaluation ‘of pilot perférmance during that portion of the
maneuver would, necessarily be a combination of the separate locus and Sequence segment evaluations
Finally, it is noted that continuous opérations can be treated as discreté events provided a threshold is
- established todefinea region-of acceptable-performance.- - - -~ - - oo e e

_' :Locus (continuous) and sequence (event) segment task categories identify two types of pilot tasks.
Within the set of system tasks of which pilot tasks are a subset, an additional task category of system
outpyt tasks can be identified. This category includes those tasks which can be directly measured with the

aircraft’s flight variables. These arer
' a. Establishment tasks which establish a specified condition, for example, altitude), heading, or rate
of tum. P = ] U : i

LR

~b. Maintenan'ce tasks which maintain a constant condition such as cosistant altitude.

c. Recoyery tasks which recover from a flight error condition, for example, recovgry froma glj;ie )
Jath error. ' " U

. e s , . .
) d. Coordinated tasks witch conduct a coordinated maneuver where dne or more control variables ‘
are coordinated with a reference variable, for example, a climbing tum. - -

Continuous task. types (b) and (d) are usually associated with a reference or criterion fumction which
provides a reference flight trajectory. These reference trajectories are part of the maneuver specification. As
indicated, maneuver spécifications do not always define a unique aircraft trajectory. In some cases there
.may be more then one way to fly the maneuver in order to satisfy thé specifications. Therefore, either ~
many flight trajectories are acceptable undéer the maneuver specifications; ie., there are regions of
acceptable flight trajectories, o1, there are additional criterion functions (for éxample, “flight smoothness™)
that can be used to select a preferred trajectory from those which satisfy the maneuver criteria. Thus, while
a manifold of trajectories is acceptable, one of the trajectories may be preferred if it best satisfies additiorial
‘criteria. ' ) oo e o
Reference aircraft trajectories and maneuver specifications are generally not available for task types
(a) and (c). Perhaps this is because there are many possible injtial ‘condlitions for establishing a specified
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condition. Likewise, the number of possible error recovery situations is large. Another reason for the lack

. of specifications for recovery tasks may be that methods of defining the recovery speciﬁmtior}s may not
have been apparent. ' ' . ‘

1
!

Measure Definitions and Notation - * '

a. Continuous Flight Tasks. Some continuous flight tasks, such as those requiring maintenance of a
constant condition, or achieving a coordinated maneuver, can be associated with a specific reference
trajectory. Because of this, candidate proficiency méasures can be constructed with respect to this reference
trajectory. An error function can be. constructed as a difference between the griterion reference function
and the actual flight trajectory’ as shown in Figure 19. The candidate measure could be defined as a,
function of, perhaps, the absolute value of that error measure. :

It is also possible to construct a tolerance about the reference function which, reflects the region of

_ acceptable flight, as shown in Figure 20. This tolerance need not be constant and, indeed, can vary along

the flight path. In this case, small variations about the reference flight path are ignored until the actual

flight path exceeds the tolerance whereupon an error event is generated. Thus, proficiency measurement of

flight tasks for which continuous references are available, can be treated by either continuous error
functions or by discrete error events. - -

An altefhate way of representing the reference of a desired-maneuver is vig a difference equation. This ,
equation specifies the desired rate of change of each flight variable of interest as a function of state

,vatiables: ) . .
AXi=AXi(Xj)=AXi(X‘1,...,Xn) . - .
3 *,
where Xj is a state variable. O :

A reference (critetion) maneuver can be considered as a vector with confponents corresponding to the
desired rate of change in the state variables. This is illustrated in Figure 21 ih the simplest case of a two
space representation. The vector difference between the reference and actual vectors is expressed as

D [k @ - g0, a7 @ -0, ] 32
where e - ) ' ‘
D=difference vectorlength = - .
K, =.weighting-function for the state variable X, rate of change .
« ' K, = weighting function for the state variable X, rate of change * . . .

A
The K, functions are included in order to provide for a sufficient degree of generality in the applications. In
‘general, the vector difference will be expressed as: ) N

Pl

- - 1/2 LIS 0
- [ % ®-ax, @] ,
where R ‘
+.D;=DX) a : A

In such a case, the distance from the actual *vector projected/to the reference vector may be the salient
variable. Let us represent this error vector and its length as

E,=D;sin 8

where tos - * K3

E is the error vector length and & is the angle the difference vettor makes with the reference vector.

-
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b. Discrete Flight Tasks. Discrete tasks are associated with either a continuous variable where t.he
task js to be accomplished within certain. values of that continuousvariable, or they are assos:iategi with
other discrete events where the event is/to occur in some specified séquence. If the event is refefenced to a
continuous variable, two types of - ures are possible. One type of measure is a Baolean measure which
indicates whether or not the event fook place within the prescribed limits of the continuous variable, as
shown in Figure 22, If the event does not occur within that prescribed interval, an error measure indicating
the extent of out of tolerance may be useful. This type of error measure is illustrated in Figure 23. Figure
24 illustrates the measurement of sequential error where we require that the event under test occur after
event A and before B. This leads to a Boolean measurement that the correct sequence has occurred.

Proficiency Measurement Concepts ¢ e .

The types of error“measums identified above can be used in several ways. The way that an error is
measured can be selected based on whether that error is the primary or secondary concern in measuring
proficiency. For example, the primary errors tnight be measured with the continuous difference method
(Figure 19) and secondary or lesser important errors measured: with the thréshold technique (Figure 20).
The combined measure would consist essentially of the continuous factor unless the threshold waf exceeded.
Therefore, the combined measure would emphasize the primary error factors and de-emphasize the
secondary error factors unless the secondary factors became sufficiently lafge. The primary error measures
might be those associated with tasks judged to be difficult or otherwise judged to be important to that
maneuver. Likewise the secondary errors might be associated with tasks judged to be easy, for example,
maintaining a constant value of a variable such as altitude or heading. -

Error measures can also be made functions of variables other than error terms. For example, the
weighting of an emror can be based on whether or not the error is diverging or converging. Also, the
wgighting of an error term can be a function of a discret® variable so as to change the importance of error
depending on concurrent activity. v ' °

a. Methods of Combining Measures. X task segment may contain various types of tasks. As a result,
\git is necessary to combine the candidate proficiency measures from each task in order to form a candidate
’ ent measure. Likewise it is desirable to combine segment measures from each segment in the maneuver

can Y¢ tested to determine.which method provides best discrimination of extreme performance. Four
of combining segment measures are as follows: N :

1.” Linear sums with the weighting terms determined by:
‘a. Relative variance of the individual measures, and

2. Selection of the largest error term. o : -
3. Discrete factor parameterization of continuous error measures. ’ -
4. Maintain the individual error components.in vector form. )

The linearsum-combined measure allows individual weighting of each error component, with each error
term thereby contributing to some extent to the combined measure. The measure obtained in selection of
the maximum or largest error term is very sensitive to one error factor and, therefore, would be very
responsive to the pilots’ attempts to improve that flight factor. Discrete factor parameterization of

, continuous error measures allows a different weighting of continuous meagures based on other (discrete)
pilot actiong. For example, it is possible to weight the importance of, By, an altitude hold error as a
function of other tasks he might be performing su¢h a communication tasks. This recognizes that
proficiency may be a function of how well a continuous task is performed when the pilot is attempting to
accomplish a secondary task. Finally, the rationale for a vector performance measure, where each vector
component is a summary measure for a type of tagk, is that the combination of performance measures from
similar types of tasks provides separate proficiency measurements for each diffetent type of task. Thus, it is
preferred to combine (e.g., by addition) measures of similar tasks from one segment to another. The
resultant of this combination is a maneuver vector with components which provide a measure of

v

proficiency for n différent pilot skill areas. ¢ ’ g . .
« . & “ L. 5 3 . B K
' . ‘ 50 '
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b. Capability of the individual measures to separate extregn performancg). - '
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* } The n components of the vector are the proficiency meéasures for the n différent types of flight
factors. A subsequent combinational operation can yield a single maneuver proficiency measure if desired

Definition of Error Measures ‘ h .

Previous sections have identified several primary error measurement ‘techniques as well as several
possible operations on those measures. Since the initial result of the mapeuver analysis is the development
of candidate proficiency measures which are to be subsequently tested with flight data, the number of
combinations of measyres and operations on measures can be large. This could lead to a clumsy

documentation system unless some converuent compact notation is employed. Thus we first must develop

acceptable notation before operations are possible on error measures. This notation should identify
variables, parameters, and tolerance values of interest in addition to providing the information required to
implement the primary error measures on flight data, : :

a. Continuous Difference Error Measures. A reference trajectory is formed as:

B=f,(V1, Va0, Y,) < : : O

¢

where ,

X, 1s a flight vanable treated as a dependent variable-for the purpose of establishing maneuver criteria, .

i distinguishes this reference trajectory from others; Y,, Y,, ...,Y, are flight variables treated as
independent vanables for the purpose of establishing maneuver critena, f, 1s the function relating the flight
variables and defines the maneuver criterion function. Note thaf X, is the predicted valpe of variable X
(determuned from hugh performance fhght data) m a given segment in the maneuver, and that the dependent
variable as well as all of the independent vanables are functions of time. An example of equation (1) would

be - .. T
=16, 845) : ‘ ©)
The corresponding primary difference error measure asfllustrated in Figure 175 _, .
! EMi = {X’fi (Yl 1Y2.1 [ ,Yn) } = EMi (X;Yl ,Yz, .o ,Yn) ) . (3)'

where

subscnipt M ndicates the error measure is a mean of difference from a reference trajectory function.
“Therefore, in summary the notation

Ep; OG Y1, Ya,. 0L, Y)) ‘ ' : O

indicates a mean trajectory ;ri.te}ioanu‘nctioﬁjs used, X being the dependent variable, and 1 identifying a
specific function. The error chosen for Ey is absolute deviation given explicitly as

Ey=ln 2 X -% _ : , )

i=1

b

This error measure can.be exemplified in this manner:

Io‘t X=61Yl =¢1 Y2€‘= AAS; . i (6)
thenZ =f(¢, DAS) L - '
where 8 =.)?i'for some i as shown in Figure 25.

b1 |
EN

b3

e
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9 = fle, MS) . L

LY
~

*

9j (t} is a pitch angle data sample at t

Ej {t) is” the value of the criterfon funétion at t

-t

Figure 25, Error type Eyy.
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b. Threshold Error Measures. Associated with the described mean reference function -)Z is the

standard deviation function Xz A representation of this measure appears in Figure "6 A thfeshqld error
function can be constructed from Xg;, as follows:

7
’

- .,
. s .

- . .

. Ey=0if Eyl<Ko | .o . .
| : o , )
‘B,=1if [E,1>Ko: | i : S
d ' I |
=B (Y1 Ya Y ) - T

The parameter K specifies the number of standard deviations and i distinguishes among the E .

c. Drfferentzal szference Error Megsures. A differentiat or difference equatron representatron of the
high performance maneuvef flights can also be used as a maneuver critenon. Let the corre,c:pondrng cntenon
be represented as follows -

[ . , hd - 3

DX gl(X Yl,Yz,.. Y) ) (9)

where DX mdrcates mean change (mean over excellent category flights) 1n variable X over time penod At
Note that X can be included in the argument. Subscript i is used to rdentr& a partrcular function. The
corresponding error is .

4 -

IN: i

x=;,,—zlr>x S ex(X Y, Yz, Y ) ' ' : (o -
4=

- . -
and the total measure ovgr all variables is:

EDJ.=V.§§‘ei’,i=X,,X,,...,Xk S an .

. . . * P
. ¢ . . b .

;EDj=EDj(‘xlaXQa---rxkaYl:Y21-'-1‘Y.n) (12) .
where j indicates a particular set of difference functions. : :

d. Discrete’ Task Error Measures. In réference to Figures 22,'23, and 24, it is seen that discrete task
errors are measured by observing the value of a contmuoqs variable when the task is accomplshed
successfully or observing the preceding and succeeding tasks. Consider the value of variable (V) when
drscrete task Xi is comp]eted e.g., when X=1 test value of V.

An event (drscrete task) error cari be formulated as

Ep =0if Vo, SV(X)<V, ) S (13)
Ep = LILV(X) > Vo, or V(X) <V,

N‘ote that

B EE(X 1 'r.z;v) - ' (9

IS 4
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where X idertifies the event that triggers the measurement and V3, VT Id,eh}iﬁes the tolerance limnits of
the tested variable and V is the tested variable. Also V3, V12 can indicate. bounding discrete events for
event sequence tests. Error function Eg is true whenever the tested variable value is not withjn the
‘prescnbed tol'erancc Figure 27 shows an example of the usage of Ep. - )

« An error measure that indicates the amount of out-of-tolerance is "

EF'Vj = Max { el 1)—-V V—(Vr 2) 0!’ S . ) (15)
Notation for this type of primary error is . - ‘ , .

Ey; KiVrys Vi V) N - . e

¢

Figuré 28 shows an example of the usage of Ey.In e;;uation 16, V3 represeiits the fower tolerance limit,
V2 the upper tolerance limit. - -

e. Sample Error Measures. In addition” te error measures, it is desirable to sampfe the value of
specified variables at specific tlmes during the maneuver segment. For example, a maximum or minimum
may be required. Notanon for this measure is , g

. 0 - .

By (1:%) . | o RO ¢ ) N

where Eg indicates a sampled measure, j the number of the measure, X the variable to be sampled, ahd Y
the condition for sampling. For example, if we want to measure héading y when roll angle reaches zero, the
notation would be .

Esj(,¢=0;\lz). i d . ‘ ) (18)
Also, If we want to measure maximum pitch angle the notation would be .

. E, .(GMu; 8. = - - R ’ (19) S

f. Mzscellaneous Error Measures. The trigger variable identified as X in Equanons 18, 14, and 16 can .

use several conventions, each of which indicates when a test-is to be performéd’. One notation used is a logic

. notaﬁon, e.g., X = 1,0 = 0. Another notation is 061 and 6.,y Where 0,,; refers to the ith time 6 is zero during

the maneuver and 6y, refers to the jth time 6 reaches a maximum or minimum during the maneuver. Thus,
if a measurement is desired on say ¢ when 0 reaches the first extremum (say max), the notation could be

Ep; 0,,~2°,42%¢). - C9)
This error measure notation specifies that when 0 reaehee its first extreme value, testé for a zero value $2°.

Previous error measures were defined with smgle index systems. This rmght be msufﬁcxent to take
care of all cases 5o a double mdex system may be useful, to wit, Eyy; and Egj;.

‘ L)

OperatlonsonEmrMeasures . e e -

" The described error measures are the raw data from which candidate proﬁcxehcy measures. are to Be
derived when judiciously chosen dperanons are performed on such data These operations are described in .
the followmg paragraphs. e . R . : '

a. Lmear Sums, One type ope:anon is the sum of wexghted measures This can be mathematicaily
expressed.as .

‘-'Pl{:?wiEZi \_ 61 S . L - (29)- | .
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A gy (o] = 1;30°, hy=25.hy#25,h) .

.. \\ ’ . o/ L
40-

Be (| o = 5°. 200,230, AS)
- WHEN] o =5°, TEST AS ) -
Eg =0, IF 200 <As <230 QR

l Eg=1IF  AS >230- 4,
As <200 i

200 230 7 . As

O

Figure 27. Error type Eg.

WHEN| | =180°, TESTALT ih) o f -

Ey*MAX { (hy=25)-h, h-thy,+25),0 } /

N MAX / . '
‘ . \ - ) / !. N .
. \ : / S c
. N : . :‘ hM . Ks . .

Y
. PR

B Figure 28. Ertor Type Ey,. ~ {
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This function can be rep;resented as " ¢
Py B, By) | - S @1
where Ex can be an error measure or a sum of error measures. The subscript K indicates a weighted sum is
used. Equatxon 20 is in genieralized form and can be made specific thusly: - .
1 K \ : C ’
k"K' 2 WE;, ! (22)
i=1 } . o

. The weights W; may be computed in’ any of several alternative ways The optimal way is unknown
and depends to a great exteni on the nature of the measures to be weighted and summed. In’ some cases,
weighting may not be appropnate at all, in which event the W, would be set to 1. In other cases weights
might be derived by regression apalyses using some knowp-index of skill (independently defived measure)
employed as a basis for overall performance discriminajf still other cases, it may be desired to study
the weighting of indiidual measures in a way which pgb 2 weighted summary measure satisfying some

. fundamental measurement theory or concept. An efamplg/of the latter would be the concept of minimum
performance variance in highly skilled performers) hich case an experimental weighting technique
which achieves vaxiance—minimiZaﬁon would be explor¥ ‘

In view of the many welghtmg alternatives that e t,416 one method was singled out for apphcatlon
to all measures in all segments of the varicus maneuvers under study. Instead, a capability was developed to
permit study of any technique by allowing the researcher to specify the desired method for each case. A

“minimum varidnce™ method, for instance, was developed mathematically (Appendix A) and implemented
in the software research system, however its use is opnonal allowing it to be studied comparatively with
other altemnative methods.

b. vaergence/Convergence Wgzghtmg An error can be welghted based™on the slgn of its derivative.
Thus, if .

X

EOL< B GHL W =1 : : .
. . 4 (24);

Eg I > B¢ G+1l, Wy =0,
" where the subscript j denotes specific time samples. This can be expressed compactly as:
PGB : - 29)

¢. Maximum Term. Another method of combining measures is by the selection of the largest error
term . - ! ) )

M“ (W, E) =Max{W; Ey,...,WyEy } , (26)

- A

where Wl is a weighting factor on the error. ' : -

-

Welghts for each error term are such that the expected value of each welghted factor for the excellent

(IP) performance category are equal. These we;ghts once determined, are used to form the candidate
* proficiency measure Py, K- , ) .

d. Discrete Factor Parameterization of Continuous Measures. The discrete factor parameterization of
continuous error measures is used to provide differential welghtmg of continuous task errors as a function
of the existence of d;screte tasks (a secondary task). For example notation for the operatlon is

» ’ \,r—"
.




by = Poy %15 E) @7

[y

W; is the weighting factor value of E;. When discrete factor X; is true, W, = K and when X, is false, W, K
Optimum values for K;, K] have not been established.

e. Vector Operation. The final operation provides individual error components in vector fonn This
can be represented as “‘vector addition” :

"P->=e£ziEBi+eoioni+°_Mzi:EMi'+eV2j:E’Vi+eDEi: Bpi N )

where €E, €g, €M, €v and ep are orthogonal unit vectors.
The notationdl expression is  *

P, (B, ..., Ey) ) - ' | ' ‘(29)

A generalized “vector addition” can be used to prooess measures of sumlar types of tasks rather than typm
, of measures as shown above.

-

.
2

" VHL SEGMENT AND MANEUVER MEASURE FORMULAS -
This Section documents the specific formulas for candidate measures for each of the ﬁveamaneuvers
The measure types (e.g., EM, EE, PK) and their parameters were described in detail in the preceding.
Section. Therefore, the definitions of parameters for each measure type, as provided in the following tables,
completely define the measure formulas. '

Table 6 presents the basic notatlon used throughout the, subsequent measure specification Tables 7
through 21.

: 4

Ea

IX.. OVERVIEW OF SOFTWARE FOR COMPUTING CANDIDATE MEASURES -

Software was developed for computmg user-speaﬁed measures from recorded operator performance
data, and producmg hard copies of results for analysis and subsequent validation tests. The software is
designed to compute any measures of the general types discussed in Section VIL Specific measure formulae,

as presented in Section VIII to document candidate T-37 measures, are represented by their jparameters,
spemﬁable at run-time by the user. Therefore, the software has uullty for measurement studies addmonal
to the T-37 problem addressed herein. '

- ) The software, implemented on a Sigina 5 computer" perfomls the following tasks:

)] Smooths data to remove noise and/or mtroduoe spec1a1 filtering in accordanoe ‘with user ’s,
specifications. * .

(2) Produces print quts and plots of raw and smoothed data at samplmg rates spec1ﬁable by the user.

3) Automatlcally segments maneuvers in accordance with the task ségmentation results documented
-m Section I11. >

t

i (4) Computes criterion (reference) functlons from sets of ‘maneuver performances identified by the
user (e.g., instructpr pilot performances or those of skilled student pilots). Dependent and mdependent
variables are specified at run time by the user.

-
Y - v

‘ l'I‘hc Sigma 5 is part of a Slmulauon and 'I‘r:umng Advanced Rescarch System (STARS) in the Advanced Systems
Division, AFHRL, Wright-Pattcrson AFB, Ohxo
117 S :
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Table 6. ‘Symbols  *

Sysmbot

Computer Variable

Dsfinition

<> |

b

> "0

5F-Long
SF.Lat
p.Lat
SP=Long

. HEADG
RUNWAY
ROLL

PITCH
PITCHL
ALT
ARATE
AIRSPD
ENGINE
NACCEL
LOSFR |
LASF} -
LasPR

. LOSPE

_PRATE -
QRATE
YRATE,

LACCEL

Boolean Variable

NOT Operation on
Boolean Variable

Memory Operation where if

‘X(to) =1,and X(t) =0,t<ty ~

then X (1) =0 t<t,
Xt =1 t=t,

Headiné Aircraft
~ Runway Heading
* Roll Angle

Roll Angle Required for Tum | '

. Coordination (see Appendix II)
Pitch Angle
Pitch Angle for Level Flight
Altitude ] c
Altitude Rate (feet/minute)
- Airspeed .
_ Engine (RPM)
Normal Acceleration +
' Longjtudinal Stick-Force
Lateral Stick Force
Lateral Stick Position
" Longitudinal Stick Position
" - Pitching Rate
Rolling Rate
Yaw Rate . .
Lateral Acceleration

N
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) Table 8. Special Terms Used in Segment ;
- « Measures Spécification for SplitS ’
- " Term - ' Definitlon
i . ) h Tape Mark
- X;. S 0=5
AT Xa - . ¢l =
. . x4 o 0 . -
. xﬁ = “‘90 ' ) )
o Xs 6=0 -
) Y, . Yty )
. h, h(t 1) . .
A ! ‘p:) ' . ’ (tx ) ' .
. .Gy Upper Limit on G’s
' - s (to be determined) ‘
-~ ! A o
~ ' -. s'n m“‘ ; lﬂ) ’
. ] - e U7 .o
. ' P - . h
. RO Table9 Segmerit and Maneuver Summary - . \“' " ‘
: ' _Measures for Spht S v : ey
Segmant * Summary Mm:m \ g’ -

L Initial « .

v -

IE. Entry.

L]

1. Pull Fhiough:
, To 90°

) , To 0% o
1V. Exit

D Total Maneuver

(Inversiony oL

PK(EE EV)
- ‘PMAX (EE, EV)
_ PK(EE,EV) i ’
_ PMAX'(EE, EV) : A
- " PK(BE,EV,EM) - -

" PMAX(EE,EV,EM)
PK(EE,EV,EM) .
PMAX(EE,P;V,EM)“' L
PK(EE,EV,BEM) - - 55"
PMAX (EE, EV, EM) .., ="
PK (EE, EV) : .
PMAX (EE, EV) L

‘ PMAX (PK)

“
Arunrext provided by enic [N
B N

PMAX (PMAX)
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Table 11. épecial.'l‘erms Used in Segment
, # - Measures Specification for Approach
Term Definition Lo ’
X, Tape Mark o ‘ > ;
- Xz Vo2 . - .
Xs. lol >10° . ’ «
Xa lpl=5° s
Xs r o lgl=15°
Xs @ WA - ¥1=90°
X4 X p1< 5° ' =
Xs i1 =10° : .
X, Wa-¥l=
Xi0 Igl=
X1 T=45
Xu h=0
h h—hge)q ' , ‘
h, hfie1g + 1000 :
¥, Ya+45
V2 Ya —45
‘1,13. VA + 180
he hgtxl
Yo V(t )
Table 12. Segment and Maneuver Summary
. Measures for Approach and Landing
Segment Summary -Measure -
1. Entry PK(EE, EV,Eo)
PMAX (EE, EV, Eo) -
(45° Tum) PK (EE, EM) ,
) PMAX (EE, EMy
II. Initial PK (EE, EV)
) PMAX (EE, EV) N
M. Pitch Out PK (EE, EM) "o
: PMAX (EE, EM) : :
IV. Downwind PX (EE) S .7
- PMAX(EE) :
V. Final Tum’ PK (EE,EV,EM,Ep) ¢ - t
PMAX(EE, EV, EM, Ep)
v (End Final Tum)  PK (EE, EM) .
. PMAX (EE, EM) _
V1. Final Approach PK (EE, EM, Ep)
. PMAX (EE, EM, Bp)
VIL ;Roundout PK (EE, EM)
: PMAX (EE,EM) . e
VIIL. Touchdown PK (EE, EM,ES) .
’ PMAX (EE, EM, ES) -
Total Maneuver PK (PK), , , "
. ‘ - PMAX(®PK) . . (
’ PMAX (PMAX) . s '
T ] &/ |
i 67 - \ |
3 i \
70 . o
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o Table 14. Special Terms Used in C
I CL e ) . Segment Measures Specification -
E . .- for Barrel Roll
. Term ' Definition ’
r . ‘
X; 6=6, 4
X, (¢t =5)N(p=0)
X3  (l=5)0X,
X 61 =90
R Xs ¢ =180
X ¢l =90
X7 ¢= 0 , :
‘_'7 ‘l’o ‘ ‘P(TX 1 )
2 ‘ o~ h(Tx,)
2 ' voff ¥(Tx,) - ¥,
G, . Upper Limit on G’s
(to be determined)
Table 15, Segment ind Maneuver
Summary Measares for Barre! Roll
Segmaent " Summary Measurs °
I. Initial PX (EE)
I1. Eatry PK (EE, EV)
II-VI, Quadrants .PK (EM, Eo)
1,2,3,and 4, " PMAX(EM,E0)
Py (EM)
11" Qifadrant | PK (EE)
1v. Quddrant 2 PK (EV)
V. Quadrant 3 PK(EV)
V1. Quadrant 4 PK (EE, EV) '
Total Maneuver PK (PK)
. . - PK{PMAX)
B L PK (Pg)
. )
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Table 17. Special Terms Used in Segment L
Measures Specification for Cloverdeaf ‘

Term T. -Definition

X . 8=0 - :
X, - g=5 4 ®
/ X, (8>40) N (1pP>5) ’
. X . ‘h=hMay
" ‘ Xs t<topy -
. , Xs ' o,
. , ) Vo w(tX1) ' o
1 AS, AS(tx, )’
ho h(txl) )
. : %O ' 8 - .
a ¥ ;' V1o 190(SGN [¥(tx . )-¥1,])
) 12 . "Y2+180

(4

A\l

Table 18, Segment and Maneuver
. - Summary Measures for Cloverdeaf

. Segment Summary Measure

‘ L Initial _ PK (EE)
. PMAX (EE)
I1. Pitch Up . PK (EE, EM, Eo)
PMAX (EE, EM, Eo)
' ‘ P4 (EM) _
oL Tem . - PK (EM, Eo, EE, EV)
: . PMAX(EM, Eq, EE, EV)
A ) Pq (EM) -
IV. Pull Through PK (EE, EV, EM, Eo)
PMAX (EE, EV, EM, Eo)
. " P4 (EM)
(End Pull Through)  PK (EE, EV)
PMAX (EE, EV)
. Total Maneuver PKPK).
S . ~ Pd(Pd)
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Table 20. Spcnl Terms Used in Seg;nent
Measures Specification fol-Lazy 8
Term Definition
X, . TapeMark
X, 6=10
X3 W —yol=45
X N ! - y’oT= 90
© X ‘ IV — Vol =135
Xq =0
X, W=y, 1=45
Xa - \l’oll =90
" X W —¥o'l=135
Xio . ¢$=0 _ .
., ho / h (tape mark)
AS, /o AS(Tx,)
Yo . ¥ (Tx,)
Ay Al 2
Yo' ¥ (sz) +180
Ad[' \!’ \l’o '

-

t

. Table 21 Segment and Maneuver Summary

Measum for Lazy 8

Segrient

. Summary Measure

I. Initial
11: Quadfant 1

IIl. Quadrant 2
v, Q'uadrantw3:
V. Qaadrant 4
VI. Quadrant §

VII. ‘(A)iladrant 6

VI, Quadrant 7

IX. Quadrant 8

(End)

Total Maneuver .

EE
PK (EE, EM, ES)
PMAX (EE, EM, ES) .
PK (EE, EM, ES)
PMAX (EE,’EM, ES) "
PK (EE,EM, EV) *
PMAX (EE, EM, EV)
PK (EE, EM)

PMAX (EE, EM)

PK (BE, EM, EV, ES)
PMAX (EE, EM,.EV, ES)
PK (EE, EM)

-, PMAX(EE,EM)

"PK (EE,EM) .
PMAX (EE, EM)
PK (EE, EM)
* PMAX (EE, EM)
N PK (EE, EV)
PMAX (EE, EV)
PK (EE,PK) *© .
PMAX (EE, PK) - :
‘PMAX(PMAX) g
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(5) Computes, for each maneuver segment, measures specified by the user of the follé:wing forms,

Eyp Egr Ep, Eg, By B 4 o
(5) Computes, for each maneuver segment and each maneuver, sumniary measures of the forms Px,
Pd, Pmax, Pp, P-», with weighting factors specified by the user as appropriate. , ’
) (7) Prints results of all maneuver segmentation, criterion functions, and measure computations.
(8) Performs vatidation tests® on computed candidate measures and prints results.

X. SUMMARY AND CONCLUDING REMARKS

The purpose of this study was to develop candidate T-37 pilot performance measures for S contact
thaneuvers and software techniques for £omputing and testing them using recorded flight data. The results
of the study include a cgmprehgi.'@%’,:gi\&f candidate error measures developed on the basis of apparent
content validity; several alternative methods of combining measures to form overall performance
. assessments as required; and a flexible Software syétem for computing and testing for validity the measures
herein developed (for the T-37) and any.other usef-specified measures of the general types incorporated.

The results also include a unique rement-oriented method of operator task analysis and
segmentation, and its application to maneuvers taught in the Air Force UPT program. The method
includes identification of two typesof function segments (locus and sequence) within a given control task,
wherein the set of dominant urement variables is consistent. This identifies portions of each task in
which the operator’s primary control function involves consistent measurable variables, and suggests the
types of measures (Continuous and discrete) applicable to assessing the operator’s control performance. The
method also includes identification of task segments, wherein the relationship among dominant
measurenient variables is consistent. This. identifies portions of each function segment . in which the
opérator’s primary control functions themsglves remain consistent, and suggests the specific nature of the
continuous or discrete measures applicable to performance assessment within the respective task segments.

Based on the application of this analysis technique to 5 UPT maneuvers, several types of measures
were identified and defined algorithmically. Collectively, they support performance assessment in all
maneuver segments. Then, specific measure formulae were derived for each segment. Finally, software was
developed and implemented for computing user-specified measures and validation test results using
recorded T-37 data. v ' .

" The approach employed is one of two that have been identified for the genesal job of developing and
testing candidate measures for operator performance tasks. In it, the researcher identifies the specific
measures to be tested, assuring their content validity, and then the measures are computed and empirically
“tested for criterionrelated validity. (The alternative approach (see Connelly et al., 1974) which was pursued
concurrently involves computer generation of candidate measures from a broad spectrum of measure types,
execution of criterion telated validation tests, and, lastly, researcher analysis of results and assurance of the
content validity of derived measures.) The. approach was applied successfully to develop candidate
performance measures for 5 UPT maneuvers in a relatively systematic and thorough way.

This study was originally infended to extend through the validation phise of measurement
development using T-37 student_pilot performance data. Unfortunately, non-technical problems prevented
the data collection, and the study had to be confined to developing candidate measures as reported herein.
It is recognized that the work performed essentially amounts to developing the tools but never testing
them. Content validity alone, howevet carefully assured, is not a substitute for empirically derived
criterion-related validities. ' ’

v

v

. *These consist of three empiricul validation tests designed: and documented undet a separate concurrent study
{Connelly et al, 1974} and applied here as part of the overall software system. A brief description of the tests is provided

in Appendix C. s
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Despite this kind of “stopping short,” the study produced some novel concepts and techniques for
analyzing performance tasks for measurement purposes, and a relatively flexible software system for use in
) continuing measurement research efforts. It also prodiced a compiehensive set of candidate measures of s
T-37 pilot performance, and a thorough analysis, specifically performed for measurement applications, of
five representative UPT maneuvers. Hopefully, the work will, as a minimum, serve as a guideline for : @
" investigation of similar measurement problems, and inspire other efforts for pursuij through and including .
final validation and evaluation of results. i .
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‘ - . APPENDIX A: LEAST VARIANCE WEIGHTING N Lo
i . . ., op LINEAR SUMS . " v -
¢ 4
+* Independent Measuremerits . N Y . . ) .

Consider the case of approximating a contmuum by a discrete selectron of outputs. A single quantity,
X, is measured by a variety of mdependent methods that yield unbiased results but each with a different

accuracy. - : n ‘ i 1
. ) Let the set of measures of x be x;, 1 =1, 2, , N and’ let the corresponding variances be o;? .
© respectively. Some methdd of combining the x,intoa smgle result is required. One method is to add the x;
together in a weighted fashion. :
1 1 ’
. N - o - : e ‘ -
> Xg = 2 LA , ) 0)) .
i=1 . o
" where the w{ are the weighting numbers and xg is the expected value of x. The ensemble average of xg is
~ . N N R : v . .
. Xg =§ Wi T g WX = Xy 2 Yi . . @y
. : LS I i=r - S . '

where x; = x, the true valxie of X. Then, if the ensemble average of xp is to equal the true value of/x\j.t—is
necessary to constrain w; such that, o )

i‘wiﬂ A , ‘ ¢ )\

i=L . .
. P . . - N
Since the variance is a measure of a,ccuracy, 4nd the, “best” variance 1s desired, “best™ cag be defined
to mean the smallest vam;nce “We would Irke to chooSe the w; to mrm'fmze o where ) -
N -‘ ) ) " . "A \ . : ®
‘——v—-—-—?- . . N . . . . hiad . . .
R o T @

. .
g - 3 ’ . -
v

" * , * * ‘o f . . «
=£ i«w{w.‘(’% -X)x-%) - L Coe r oo, @
] 15 s B

i=l1j=1 . . . . o PR . .

- N N . *

If the x; are independent, - : . :
-~ * " K3 .
7 "" . ’ ' . s
2 2 L ' “ ~ . 2 -
=1 o ‘ , ® . ,
> i=1 - o s

s .

[4

Now, the w; must be chosen to minimize 0 whrle the sum of the wiis constrained to equal unity.

An auxillary problem with no constraints is chnsidered, such that if it is solved then our onginal
problem s solve% Cor@rder the problem of choosing the w; and A that will minimize

:‘ °
v . ¥ ® + //' b « - © - ' :
P < ' . . . t .
T R AR vIFs T ) L . m .
FEREL S = B Ay o . C

‘o « , .
. - ' . . . - . .
. . — . [ N » . « - ‘ P,
- By » N - T . ) R
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"“where \ 15 the Lagrangian multiplier. A necessary condition for the minimization of S is that éach of its

partial derivatives wjth respect to wj and A be equal-{o zero. v X O
. is=§w-—l=0- A ‘ R . 8
' T~ S - | )‘

- ,

If this constramt 1s substitoted intd the équation for S, it can be seen that only ¢? remains to be reduced.
Thus, the solution of the auxillary ptoblem without constraints is equivalent to the éolutiogof the original

___ problem. . oty i )
o Y ASRE. o . T
P T - P A ~ )
S L aw o N e . .
T =Y ot wihenz D . ©)
¥q PT%w, = oW
1= q ,‘=l Vq’/. e ;
A8 — /
where T e
aw, . ) —
o R
q X . .
e ¢ .
z E— 2 ' ) N “
- awq -0-2(7q wq+ A . ) . (10)
Y. 1 T - .
we= - 2(T5 ) q=12,.. N , . ’ an
2 \oq - \ L
Summing on g, setting the sum equal to 1, and solving for (— ) ’ . - -
,‘ . - / ‘ ) L, . ) .
—_ l = 1 A .
2 N 1 .-
2 L . € .
q:]’ aq - W ) H
Then. o B | b ’, } . ’ .
W= 1 . ’ -
S (T ) * SR
\ cq aji . X * B . R .
8 - . Theréfore the best estimate of x is: , )
N .7 | . O s
Y Xy = 1 P> X - : L, (14) .
) 2 P —
E"(llo—q) i=1 oi2 ) . . .
After combining bquéﬁons@an&(w),thﬂarimice is: . ’ .
o Lo~ \ i -
oJ = . . ' - . ’ : “r
. N _1_)/ S 5 : . (15) «?
DY 2 <0 T .. ] ,
: q:l (oq ‘/- . ah .\ . . . A |




-~ “DependeatVamsbles <~ ' R
When measurements are not independent, the s:mphﬁcat:on from cquanon (5) to equatlon (6) cannot
= . be made and, . ] B "
= f f LA ) ‘ (16)
i=1 1 ‘
where the vj; are the covariances:
5= O -E) =% ‘ | an
The new problem has the same constraint expressed in equation (3)
) N ) . - i -
‘ MRS . . -(3)
=1 , ' - ,
. ahd the ’wi must be chosen to mmumze ¢*. Similar to the above equation (7) :
(18) .
:..... o er——
(19) .
, R (20).
- 4 ) ' I
] @en.’
* " Equations (21) are, N lin e’q&g}ions with N unknowns. A solution for the %, exists if the determinant of "
. vy is not zero. emients of the inverse matrix be cy.-Then
. £ . .i . £ ) P ) . Vo ’ . M -
A Dy Vi€ =8 ﬁ\ + ! “ ) . (22)
a=1 e v . ”“;% 5 . .
. e \ .
Multiply equation (21) by cgj and sum on q \\ ) .
A N L. o o e o
DT qz-:l g . . (23)




S;xmnﬁhg onj and solving for (— i) , .i
(—*)- i . , S
c ' L o
(q—l # q’) | :
, Therefore: N o L T

q=l i=1

- Substituting into equation (16), the variance of the best estimate becomes:

Using matrix notation /
W, oW

V.. >V ) N - ‘ . 4 . ) -
3 : :

Cﬁ"’v—l ' i oL _— ’

let‘“;=1:f'= 1121°-°)N u'-m . ‘ . ‘ -'

1

. ™~ - ‘.. o I - 5 . ‘ - .. . .
. Equation (1) becomes o =wlVw W . @9

Equation (3) becopes wTw=1. "(30)
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-

The problem is to choose w to minimize ¢ o while satzsfying equation (30). Equation (18) becomes

S=wlVw+2A [uTw _J, . i T 6y

8 . ‘ T . : :

— T -] = « et ha 3 "’3": Y ,’ 32 4
. u'w -l 0, - , . ¥ "”?:21”?‘ K ] ( ) /. x

8S — 2wTVSsw + AuT bw : 3 (33)

" where the first term in-equation (33) results from the fact that « scalar is equal to its own transpose, tnd
that V= V'r therefore: 3.

" . e
88 = [2wTv + x‘uT] 5w - ' (4)
- N 88 = o for all dw . '
i WT = (_ g) uTv-l N : . (35) ‘

The transpose of equation (30) is taken and equation (35) is xmxhiphed from the right by u, then solved for
(- M2) p :
-N)2 —mm - . Lo (36)
: uf viy . ",

~

and equation (35) becomes

qT.v— 1 S

uTvly.

o 2 " utviyev Ty
’ WTVigy
but (V'1)~r = V'I2 therefore:
. P

uTviy i - , 8
2 Ay
The correspondencc with mdexed notation is complete with

ﬁchi . . ’

"i
r
V. e

and




APPENDIX B: MEASUREMENT OF TURN COORDINATION

L

Assume thatthn pment tum provides a constant rate of rotation about a point distancerfromthe
aircraft. Mmmément of the rotxtion rate w can be provided by the rate of change of heading, thus,

w-\b v _
mmruep;ov{dumwceferxﬁon component assumed to be perpendicular to g (i.e., a level turn)
a-Vw-ViJ : ' '

where V is sircraft velocity which will be measured byampeed (zzroaixvelocnywithmpecttogroxmdh
assumed). Thuztheproperrollanglc foracoordmatedtumu

6. =TaN [ VIKY )
¢ g

Ttﬁxrolla.ngleistobcusedasarefmnceinmmnngthedegzeeofooordinanonofannn ) ,
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_considered more likely to be valid than those which consistently fail to do so

.7 APPENDIXC: VALIDATION TESTS® el

For the vast majority of performance tasks, there is no single necessary and sufficient test that can be
applied to candidate measures to astess their validity. Measures which appear to have content validity often
fail to reliably discriminate even between novice and highly experienced performers. Measures which appear
to have concurrent validity may or may not satisfy other validation criteria, depending on the reliabflity
and sensitivity of the metric ysed as a basis of comparison.

The approach in this study was to develop three empirically-based validation tests to be appled by
the measurement processor. Collectively, the tests are used to determine the likelihood that each candidate
measure is vatid. Final analysis and assurance of the measure’s content vatidity is performed by the user of
the promot based on evidence accrued by it and printed out for hm consideration. o

The first test assesses the measure’s potential contribution to discriminating between performmws at

" opposite ends of the skill continuum. The data employed for this test are selected by the user. For the T-37

pilot performance tasks that were to have been addressed here, the following two types of data would have
been investigated:

(1) Flights flown by mxtructor pilots to demonstrate their best pcrformancee and simulated novice |
performances of each maneuver, ’

(2) Flights flown by students at the neophyte stage and at the successful completion of tninhig

The techniques implemented to apply this first test include (a) compamon of residues from regression
analyses! and (b) the rank sum statistic.

The sécond test assesses the measure’s functional mhtiomhips with variables such as number of trials
and time in training. A measure ‘which demonstrates that leamning has occurred from neophyte to
experienced levels of performance would possess a higher likelihood of validity than one which consistently _
does not, for example. Again, the data to be employed for this test are specifiable by the user. For the T-37

- ‘pilot tasks, the following data would have been experimented with:

(1) Time in training .
(2) Number of practice sortm on the maneuver
(3) Number of practice trials on the maneuver

The technique used to apply this test conslsts of devgloping and analyzing a multi-variable regression
function. (An altemative techngiue based on the use of Markov learning models was conceived, but due to
lack of “data, has not yet been dcveioped to the point of implementation ) '

The third test asesses the measure’s functional relationships with subjectively derived ordinal scale
measures of performance. Measures which tend to reinforce the mbjective O{dﬁrli’ng of performances are
‘ data employed for this

test, as with the other tests, are specified by the ujer. For the T-37 tasks, instructor pilot would have
been investigated for use. The technique for applying the test is to develop and analyze multihﬂlQe
regression functions, as in the second test described-in thé preceding paragraph.
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