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PROBLEM

improvement in the efficiency of the Ammy’s primary helicopter training program
depends to a la.ge degree cn the reliability of flight training evaluation. The traditional
flight check has consisted of an evaluation of the flight by the check pilot not on the
basis of a uniform series of maneuvers and measures, but on the basis of hiz personal
specifications. It seemed probable that the unreliakbility of the traditinnal me’ no- of
evaluation, which had been repeatedly demonstrated, was due primarily to this ..« of
standardization. This study was initiated to develop a more reliable system of evaluat-
ing helicopter pilots’ flight performance, by emphasizing standardized and objective
measures which alsu pre. ide a diugnostic record of student performance.

PROCEDURE

Training grades and check flight grades were analyzed for Army helicopter pilots
at botk the U.S. Army Aviaticn School (USAAVNS), For: Rucker, Ala., in 1856-57 and at
the U.S. Army Primary Helicopter School (USAPHS). Camp Wolters, Tex., in 1957. In
general], the relatlonshiﬁs between the training grades and the corresponding test arcdes
proved to be little better than zero. In cnother analysis, it was found that ratings of stu-
dents’ flight performance reflected the standurds of evaluation applied by individual check
pilots more than they did the students’ flying skill.

The fust step In the development of a moce effective mathod of flight evaluation
was an analysis of the light helicopter training program content into fundamental training
maneuvers and inaneuver componenis. Simple scales of several types were developed for
use by the check pilot in recording the students’ performance on each of these components.
Where it was possible, dircct instrument observations ‘vere recorded. However, many
evaluations are necessarily based on individual judgment, to a lesser or greater degiee;
where judgments were required, the performance being evcluated was defined as specifi-
<ally as possible at eazh point on the scale in order to narrow the range of personal
interpretation in assigning ratings.

The next step was the development of a format for an Intermediate and an Advanced
Pilot Performance Description Reccrd (PPDR). Each PPDR was based on a standard
rida, that is, the same maneuvers fiown in the same sequerce. The scales included as
FPPLR itemas were those judged to be most critical to successful performance in each
maneuver. Toe number of scales that an expert check pilot could safely observe and
record during a check ride was used as the basis for setting the totcl number of PPDR
items (most items were recorded as the operation was being accomplished, but on opera-
tions that are ccnsidered hazardous, recording was delayed urtil completion of the
dangerous porticn).

The PPDR’s were then tested by administering check rides to 40 Intermediate and
35 Advanced students at the Primary Helicopter School (Camp Wolters) i 1957. Each
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student was administered one ride by a LIFT research staff pilot and ore ride by a mili-
tary check pilet ossigned to USAPHS. .

The PPDR’s were revised on the basis of experfence in the first admiaistration,
and the revised PPDR's were evaluated in 1958. Check pilots were given one week of
training in the use of the PPDR system, with emphasis placed oa identification and reduction
cf check pilot differences in scoring standards. Two successive rides, each with a dif-
ferent T'SAPHS check pilet, were given to S50 Intermediate and S0 Advanced siudents.

Sev ral appreaches to summarizing the data on student perfarmance which the PPDR
check rides provided were explored. One was simply to total the number of errors recorded
on the PPDR in o check flight. A second weighted ftems acceeding to difficulty. In
another approach ("e.cor pattern—weighted”) the pilot rated the student’s over-all perform-
ance on n maneuver segment, taking into consideration not only errors but their sequence
and combination; these segment ratii.Js were weighted accerding to diificulty and impor-
tance of the maneuver. Finally, the check piiot assigned an over-all judgmental rating,
based upon a review of the detailed PPDR record of the student’s performance, and com-
parable to the *traditional® score.

FINDINGS

1. Improved relickility of flight proficiency evaluation resulted from the use of the
PEDR system.

2. The PPDR system provided a means of diagnosing specific sources of a student’s
end-of-phase deficiencizs, by recording, in detail, the student’s performance on his flight
check rides.

3. Check pilots who were completely familiar with the PPDR were reliably more
similar in their evaluation of proficiency than were check pilots who were only oriented
to the PPDR.

CONCLUSIONS

1. The PPLAR flight evaluation system can provide an evaluation of helicopter stu-
dents’ flight performance that is at an acceptable level of reliability. The resulting diag-
nostic data provids the basis for determining flight deficiencies of individual students
and for maintaining uniform standards for both instruction and evaluation.

2. To maximize the etfectiveness of the PPDR system, it is necessary that per-
sonnel serving as check pilots be trained in the concepts, abjectives, and techniques of
the system, and i~ administering and scering the PPLR’s.

AT
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RECOMMENDATION

It is recommendaod that t.ie PPDR system be adopted in peimary helicopter training
and further developed.' Speclal emphasis should be given to (a) training check p:lots
thoroughly in the PPDR sysiem, especially on scoring PPDR’s, and (b) developing a
system for processing the diagnostic data both for debriefing students and for maintaining
standards of instruction and check pilots’ evaluation.

'A quality control program baxed upon a revised version of the Pilot Performance Description
Record system has been devised and is being implemented at the U.S. Army Primary Helicopter
School at Camo Wolters. Experience has been obtained in using the PPDR check nde at Camp
Wolters over the past two years, both in research anc. in operation. No safety problems have arisen
during administration of the program, and it has been ~enerally weli accepted by check pilots. A
report on this program, designated as Subtask LIFT 1V, is in preparation.
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Chapter

THE FLIGHT PROFICIENCY EVALUATION SYSTEM

INTRODUCTION

How reliable and how analytic is the traditional flight check as a
measure of flight proficiency? This question has been of particular
significance to flight training administrators charged with the respon-
sibility for continually trying to improve the flight check system used
in hoth fixed and rotary wing fiight training in the Army.

The flight check is a measure of student progress given at the
end of each phase of pilot training, administered by an experienced
check pilot whe acts as observer and safety pilot. Under the tradi-
tional procedure, which was studied during early stages of LIFT
research (1956-57), the student flies a sample, selected by the check
pilot, of the flight maneuvers taught in the preceding phase. The check
pilot grades the student on the basis of his personal evaluation of the
student's performance, both on circumscribed aspects of the flight
and on the over-all performance,

The nonstandardized nature of the traditional flight check, in
which each check pilot follows personal standards in grading, has been
criticized in the vast as a source of unreliability in evaluating flight
performance. The nature of in-flight proficiency evaluation makes it
impossible to eliminate variations in the test due to different aircraft,
shifting weather conditions, and transient check pilot or student moods;
the evaluation process itself is, of necessity, complex. However, many
of the causes of variability~those resulting from different test compo-
nents and different check pilot standards—are subject to control. To the
extent that the traditional grading system is unnecesgsarily unreliable,
flight proficiency measurement will be less valuable =g a rueans of
identifying the weaknesses and strengths of students and instructors
and for pinpointing shortcomings in the Program «f Instruction (POI).
As a result, flight training will be less efficient than it can be (in terms
of amount of training per dollar spent).

The argument between advocates of “gubjectivism™ and of “objec~
tivism"” in flight proficiency measurement hasbeen goingon in research
and training circles for yezrs. Lt.J.M. Brown of the Royzl Canadian
Air Force (4) says:

To understand the origin of this controv:rsy one has to go back about
twenty-five years in the short history of avigtion to the time when flying
itself was subjective. At that time the success of a pilot depended upcn
how well he could fly hir aircraft by feel, or quite liierally, “by the




seatof his pants.” Flightinstruments and radio information was meager
and, with the exception of a crude cumpass, navigation aids consisted
largely of railroad tracks and grain elevators.

Essentially there was no difference tetween civilian and military flying.
All that was required of a student was that he solo the aircraft safely;
after that, he was on his own; and if he became lost or caught away
from base in unfavorable weather he 3imply landed in the nearest field.
RCAF “Wings” standard at the time was reached in less than 180 hours
of flying, three-quarters of which was solo practice. With such a
leisurely program, pilot training could be operated quite successfully
by experienced personnel without an elaborate system of flying assess-
ments. Indeed, flying was an art and it was considered thatassessmants
of proficiency could be made only by expert pilots on intuitive bages,

Despite the misgivings of researchers and a few flight training
administrutors as to the reliability of the traditional evaluation system,
there had beenliitle change in military flight training evaluation over the
years. Substitute measures developed through research were difficult,
and sometimes unsafe, to administer. There has also been the usual
human “resistance to change”; in fact, many flight training personnel
have notviewed the shortcomings of the system as heing serious enough
to indicate real need for change.

The study described in this report is, in effect, a continuation of
earlier flight proficiency measurement work.! It has been carried
out in the Army Aviation training context with the aim of answering
these questions*

(1) How reliable is the traditional flight check system?

(2) Can standardized, objective, practicable measures of
flight proficiency be developed that will increase both the
rcliability and the general diagnostic capacity of flight
training evaluation?

THE TRADITIONAL FLIGHT CHECK SYSTEM

The Flight Check

The flight check is a test of student progr=ss given at the end of
each phase of training. Under the traditional system, the student is
required to fly a sample, or perhaps all, of the flight maneuvers he
has been taught in the preceding phase.

The check pilot usually records his judgments of the student’s
performance on a check grade slip after the check ride is complated.
Generally, check pilots do not take notes during the flight. Examples
of two check grade slips, representing two levels of evaluation
specificity, are presented in Figures 1 and 2. After each maneuver,
meaneuver part, or specific aspect of flight performance listed on the
check gra-de slip, the check pilot records a grade which represents his
judgment of the student‘s performance. Finally, an over-all judgment

'Much of the research that provided the sterting point for this study is summarized in
Appendix A.




Sample Training Grade Slip

UNITED STATES ARMY AVIATION SCHOOL
DEPARTMENT OF ROTARY WING TRAINING
GRALE SLIP

Pre-Solo latermediate Advsnced Night e omrmom ors
Special
(Studenr? (Razk) (Clars} (Date}
(Instractor) - {Type Aircraft) (Grade)
DESCRIPTION GRADE DESCRIPTION GRADE

Preflight Inapections Runring Leadings

Cockpit Procedure Decelerations

Coufined Ares Operations
Pionacle Operations

Teke-off to Hover
Hovercg Flight

Noemal Take-Off

Road Operationn

Airwork

Slope Operations

Notmal Approach

Flight w/Servo Off

Lanting From Hover

Use of Lights

Traflic Patteran

Autorutations From Hover

Taxiing

Autorotstions

Forced Landings

Coordineticn

Orientation Contra! Tauch

RPY Costvrol Plannisg & Judgment
Maximery Performance Take-Off Aptitade

Steep Approach Compossre

Cross Wind Approaches & 1.eading Attitude

Ruaning Toke-Off

Persosal Appesrance

TODAY
DUAL SOoLO
lastructor
TAAC(TAAS) Form 258 Replaces TAAC(TAAS) Forms 191, 194, & 197
13 Aug 87 9 Ap: 36
Figwe 1

of the check ride is recorded. This grade is computed as an average
of the grades for individual maneuvers or is determined subjectively,
without computations, by the check pilot. The check pilot usually
explains low grades on the back of the :heck grade slip.

Check pilots may belong to a special check section. In some units,
to become a member of the check section one must be a highly experi-
enced instructor, exceptionally competent and familiar with the training
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Sampie Performance Rocord Used

in H-23 Primary Helicopter Training

PRIMARY PERFORMANCE RECORD
H-23 PILOT TRAINING

E~ter and Exit Properly

Norwal Approach: Did He:

U BA A AA Shallew App. & Landing: Did He: U BA A AA
Pre-Flight & Coclpit Procedure 1 1] [Start at Correct A/S & Alt.
. . Maintaie Glide Path, A/S & RPM
Hovering: Did He: Dissipate A/S Proper]
Fxecuts Proper Hovering Technique l l l l ] Ul Pp T b-PD w'nT e
l l [ J_J } Use Proper Touc o echnique
Notma! Take-H{: Did He:
Enter Ciimbd Propesly Dlnurin‘ Adtorotations 1 [ l
Maiztein Proper Power Setting & A/S 111
'!ﬂ'".h Proper Pedel & Cyclic Autoeotativae St. Flold § Sod
Maintein Ground Track -
T.T-'m- Froper RPH Maintain Prover A_/S Costrol
Maintsin Proper Pitch & RFM
Make Correct Pitch Applicatica -
Traffic Patterns: Did He: Meintein Directional Cant-ol
Maintsin A/S, Alt. & RPM
i Vo)
e s T
Muintain Proper A/S Comrol

Maintain Proper Pitch & RPM
Maintain Proper Pedal Setting
Aiigoment with Lendiog Area

Sturt at Correct Alt. & A/S
Mrimain Prenar Glide Path & RPM

 Make Froper Pitch Application

Maistain Proper Rate of Closurs

Toerminate Properly ot Hovar

Dacelerati Did Re:
Properly Coordinste Controls
Maivtain Alt. Control

Muximum Performance Taks-Off: Did He:

| Use_Uoract Pitch & Throttle
Establish Propse Climb

Forced Landiogs: Did He:

Maintal

Maintein Directional Comrol
LAl
Retwrn to Normal Climb

Proper Pitch & RPM
Maintain A/S & Pede) Contral

Steap Approsch: Did He:

Seluct Suitable Lacding Ares
Make the Ares
idake Proper Landine

Start at Correct Alt. & A/S

Make Proper Pawer Racovery

Mainteia Proper Glide Path & RPM

_H_.luuh Praper Rate of Closurs
Terninaty Properly at Hover

Genersl Flight Evaluation:
Flight Safety
Coordination

Runsing Take-Off: Did Re: Plensing

Use Correct Pitch & Theottle  Jodgment

Establiad A/S Properly Attitade

[ Maintain Dirsctionsl Costrol Knowledge of Procedwe
Return To Mormal Climb Progrees

Maistain Proper Ground Track Tachoique

Divizinn of Attention

STUDENT'S NAME

RANK CLASS & FLIGHT

INSTRUCTOR

MISSICN DATE

SUPERVISCR'S INITIALS [STUDENT'S INITIALS
SAHSF

FORY 2

OVEPALL EVALUATION

FLYING TIME

Figure 2




program; in other units, requirements are not stipulated. In many
flight training organizations there is no formal check section; check
pilots may simply be instructors who happen to be available when a
check ride is due. In s few training programs all but final check rides
are administered by the instructor and are not, in the strictest sense,

formal check rides.

The Training Grade

Students are graded by their instructors on their daily performance
throughout training. These daily flight training grades and the insiruc-
tor's written comments are recorded on grade slips which are identical
in format with the check grade slips in Figures 1 and 2.

" Training grades would be expected to be relatively trustworthy
because they are based on many observations by the instructor of the
student’s performance. However, when the same instructor administers
to a student all phases of training in a training stage, a substantial
amount of “halo effect” can result. That is, a grade given after a train-
ing ride in the latter part of the training phase is likely to be influenced
not only by present but also by past performance as remembered by
the instructor or as reflected in past training grades. Thus, a reliable
check ride, administered by an expert evaluator (other than the instruc-
tor), applying & uniform set of standards, is needed as a final independent
judgment of the student’'s proficiency.

Reliabiljty of the Traditional Flight Check System

There is a reasonable basis for the view that students generally
may be classified as good, average, or poor throughout training—from
stage to stage and, even more clearly, within a stage (i.e., from train-
ing to test grades in a given level of training). Perfect consistency in
the individual student’s performance is not to be expected since various
atages of training requirz different kinds, ax well as levels, of skill
from the pilot. However, certain perceptual, psychomotor, and mental
skills are basic to all flying, whether it is primary, instrument, or
tactical. It the evaluation system is adequate there should be an appre-
ciable relationship between a student’s training and check grades at
different levels of training. Such relationships would not be evident if
unreliable measures were used,

Twelve years of flight training research, conducted primarily on
Air Force pilot training, and summarized by Ericksen (7) and Ben-
Avi (1), indicate that the correlations between check grades at the
completion of training and earlier check or training grades are rarely
greater than .30.}

!Studies conducted by the Air Force and other r. search personnel are briefly -ummmzed
in Appendix A.




THE FLIGHT CHECK SYSTEM USED
IN ARMY HELICOPTER TRAINING

Reliability of the Army Flight Check System

To make preliminary tests of check system reliability, the
interrelationships among flight training grades and check gruades in
primary helicopter training were analyzed by research personnel of
the U.S. Army Aviation Human Research Unit in 1956 and 1957 at the
U.S. Army Aviation School at Fort Rucker, Ala. At that time primary
helicopter training was accomplished in three phases: Pre-Solo, Inter-
mediate, and Advanced. A phase check ride was given at the end of
each phase.

The interrelationships among the training grades and check grades
for a hundred students are presented in Table 1. Training grades were

Table )

Correlations
for Primary Rotary Wing Flight Training Grades
and Check Grades at Fort Rucker, 1956-1957°

{N=100)
Traiging Grade Check Grade
Grade
Pre Solo I ln(emedinul Advenced Pre-SoloI Intermediate I Advanced
Pre-Solo Training -~ 2 .33 .35¢ 26* .05
Intermediate Training - - -.08 .08 .08 -4
Advanced Training - - - 07 26* .09
Pre-Solo Check - - - - .16 I Ad
Intermediate Check - - - - - .20*
Advanced Check - - - - - -

*The symbo! ® indicates significance at the .05 level of comfidence.

obtained by averaging the daily dual ride grades for each student for
each training phase. The check grades were those recorded in the
grade books. The relationships between the training grades and the
corresponding check grades were .35, .08, and .09 at the Pre-Solo,
Intermediate, and Advanced stages respectively. Thus, the average
training-test relationship was little better than zero.! Infact, the
average of all interrelationships between training and check grades in
Table 1 is of the same order of magnitude.

*Throughout this report, & value is considered to be reliable (reflecting e true value) if it
is significant at the .05 level of confidence or leas. For example, if the true correlution wers
rero, .n obtained correlation as large or larger than one marked significant would be expected to
occur hive or fewer times ir a hundred. However, a correlation of smell magnitude, even though
reliable, iv not generally useful for prediction.




A correlation analysis was made of the grades of 55 students at
the U.S. Army Primary Helicopter School (USAPHS) at Camp Wolters,
Tex. in 1957.! The relationships among training grades were generally
about the same asthoseforthe U.S. Army Avietion School; relationships
between training grades and check grades were slightly higher 3+ ?

These analyses indicated that results from the proficiencycheck sys-
tem used in Army flight evaluation were little more consistent ix eval-
uating student performance than was the traditional system in previous
flight trairing programs. If the assumption of reasonable consistency in
individual student performance is correct, there should be an apprecia-
ble relationship between a student’straining and check grades. Since this
was not the case, an examination of the system, with emphasia on checit
pilot standards, is in order to determine the causes of low reliability.

Variation in Army Check Filots’ Evaluation Standards

To determine the extent of variability in the evaluation standards
of check pilots in Army aviation flight training, grades were analyzed
for rides administered by the check section in the Departraent of
Rotary Wing Training at Fort Rucker during 1856 and 1957. Ten Inter-
mediate check scores were selected at random from those given by
each of eight check pilots, and 10 Advanced check scores were selected
for each of eight other check pilots. In Table 2, the mean check grade
and tne range of the means of the check pilots in each group are pre-
sented, as well as the mean variability and the range of variability.

Tohle 2

Mean: and Ronges of Rotory Wing Check Grades Given
by Check Pilots, Fort Rucker, 1956-1957*

Treining Phose l Meas® l Range
Intermediate
Mesa Check Grade 74.3° 70.6 t0 79.0
Standard Deviation 5.2¢ 22t 7.3
Advanced
Mean Check Grade 74.9 72.2 t0 79.4
Standard Deviation 6.5* 37w 9.9

®Ten grades are represented in euch check pilot menn; efght check pilots are reprasented in each
value gives in the table. Check pilots are not ihe same in the asalyses of Intermediate aud Advanced grades.
¥The symbol ® iadicates sigaificance ot the .05 level of confidence. Asalysis of variance was used to
test differences among means. The L test was ssed to tewt diff among standard deviations (3ee
. Palmar O. Johason, Ssatistical Methods in Res:zarch, Premtice-Hall, lnc., Nyw York, 1949, pp. 82.96).

‘As the letter grade cystem was wsed at Camp Wolters (AA, above averago; A, average;
BA, below average; U, unsatisfactory), the Pearnon product t r was computed by assigning
succeseive integers to letter graces.

*The relationships between trnining grades and cherk grades are shown in Table 9, p. 25.

'Analysis of data from 100 students in the Arm; s fixed wing training program in 1957-58
showed interrelationships amorg the training grades and check grades of about the same magni-
tade as the rotary wing interrelationships. (Tlese data, from the fixed wing training programs at
Camp Gary, Tex. and Fort Rucker, Ala., are prosented in Appeadix B.)




The check pilots differed considerably in the mean ratings they
assigned students (some check pilots seldom fail a student and some
fail about half of their students). The differences are statistically
reliable for the Intermediate check scores (i.e., they were larger than
would result from chance differences in the proficiency of students
assigned to these pilots), but not the Advanced check scores.

Since students were not assigned to check pilots on the basis of
prior student performance, student assignment is considered to have
been random and the results are interpreted tc reflect differences in
individual check pilot standards. There is a terdency for pilots whose
average ratings are high to vary less in their ratings—that is, they rate
within a narrow range. This indicates that “easier” check pilots seem to
be less willing orless able todiscriminate among student performances.

THE FLIGHT PROFICIENCY EVALUATION PROCESS

There are several ways in which individual check pilot standards
can be introduced into the evaluation process:

(1) Flight Performance Sample. A check ride should be based
on a standardized sample nf the student’'s performance in all the critical
maneuvers taught in the preceding phase. However, under the traditional
flight check system, the student flight performance actually sampled
on a check ride is determined to a large extent by the individual check
pilot. Each check piiot tends to have his own set of "favorite” maneu-
vers which he believes best shows a student’s capability. Then, too,
such fartors as weather conditions, availability of a particular stage
field, and shortage of time may further influence the check pilot's
decision as to what he will include in the flight performance sample on
a particular check ride. The check pilot may require the student to
repeat a maneuver whenhe performs it poorly onthe firat attempt, thus
reducing the variety of maneuvers sampled in the time available for
the check ride.

To the extent that variations do occur in the flight perform-
ance sample from one check ride to the next, different students are
faced with different “tests” that usually vary in degree of difficulty.
This is particularly true when one student is required to repeat a
difficult maneuver several times and another student is not. The first
student has a greater opportunity to err than the second studern; conse-
quently, he will probably present a poorer over-all picture of his per-
formance, but rot necessarily because he is less proficient over-all.

Thus, the test situation is not uniform. Nevertheless, the
grade for a check ride is considered to reflect uniforrmly the level of
competence of students at a particular level of training, whether the
check ride consists of all the phase maneuvers or a selection of more
difficult or easier ones.

Often, if a student performs dangerously on his first or
second maneuver, or perhaps halfway through the check, the check
pilot terminates the ride and gives the student a failing grade. Thus,




he relinquishes the opportunity to analyze the student's difficulties in
all maneuvers in which the student has been trained in the preceding
phase, When this is the case, subsequent additiona. flizht time used

for the purpose of correcting the student’s deficiencies i1c less likely
tc be well directed.

Variation intest content,from one check to unother, violates
what is probably thé most fundamental principle of sound evaluation:
The sample of knowledge, performance, or behavior which is to be
measured must be uniform. Every deviation from the rule, “Every
student must be faced with the same set of requirements, under the
same conditions,” leads to unreliable evaluation.

(2) Observation and Perception. There are many aspects of a
student’s flight performance toward which the check pilot might direct
his attention, such as attitude, altitude, directional control, and power
control. Because he cannot observe all these things at once, the check
pilot must settle for only a few observations at any one time. ¥rom
those which he chooses to view at a particular time, his perceptual
process may eliminate more.

‘ For example, at a certain point the check pilot may choose
to look at the instrument panel. What he actually sees onthe instrument
panei, however, might be the air speed indicator to the exclusion of the
altimeter, tachometer, and needle ball; thus he would notice only cer-
tain air speed deviations out of all the many elements he might have
observed at that moment. Undoubtedly, in such an instance check pilot
bias may play a significantrole. Since the check pilot can not see every-
thing, he looks at what he thinks is most significant.

This problem cuan be reduced by objectively determining
the irportant indices of flight performance, and from these selccting
and standardizing the items that can, practically, be observed.}

(3) Memory. A check pilot must observe many details during
a checkride. Unless he records descriptions or evaluationa of perform-
ance at the time it is observed or very shortly thereafter, memory will
become a factor in determining the final grade. Indeed, if he completes
more than two check flights before recording his judgments on either,
he is apt to forget on which ride a particular event occurred. Check
pilots with good memories will probably base the grade on more com-
plete details of the student’s performance than will check pilots with
short memories. More critical, probably, is the probiem of selective
recsll; the check pilot may remember what was most dramatic or most
important from his own point of view, which may differ from what
another check pilot recalils. ‘Thus, selective bias in observing perform-
ance may be compounded by birs in recall of what was observed. To
the extent possible, standardize. cbservations should be recorded dur-
ing or immediately after the actu:l student performance.

*A methnd frequently zaed in research for pinpointing interobaerver differences is to have
two ubservers evaluate the same perfcrmance at the same time. HumRRO researchers’ unsuccess-
ful attempts to do this are summsrized in Appendix C.

n




ik

(4) Relative Importance of Maneuvers. Because a single grade
must result from a check ride, a weighting method is implicit in the
grading process. For example, in helicopter flying, a well-executed
forced landing will usually be considercd more important than a well-
executed normal take-off. Unfortunately, there is less than perfect
agreement even among experienced flight instructors as to the relative
importance of each training maneuver.

For example, 12 experienced check pilcts comprising the
entire check section of the U.S. Army Primary Helicopter School
were asked to judge the contribution that each oi 12 Intermediate and
7 Advanced maneuvers should make to a total flight evaluation sccre.!
The means and ranges of the values assigned ‘o Intermediate maneu-
vers are shown in Table 3, and those for Advanced maneuvers are
presented in Table 4. Although the individual check pilots generally
agreed on the order of importance of maneuvers, there wag substantial
varjation in ranges of values given each maneuver. For example, one
check pilot judged all Intermediate maneuvers as equaliy important
while anmother check pilot assigned values to the most important maneu-
vers that were 20 times larger than those he allotted the least important
maneuvers. Such variation among check pilots in itself can lead to
marked scoring variability.

Table 3

Estimates of the Percentage Contribution
12 Intermediate Maneuvers Should Make %o Total Score

Percentage Centribation Percentage Contributioa
Maneaver Msneaver

Mean r Range Moan l Reuge
Normal Take-Offs 7 3w 9 Basic Autorotatioas 12 9 to 20
Neemal Approaches 9 31013 180° Autorotations 11 5t 20
Maximom Performance Traffic Patterns 6 313
TakeCiis 8 3012 HOVG"‘IIS 7 31015

Steep Approaches 9 3112 Hovering
Ruaning Take-Otfs 6 lto 9 Aatorotations 6 31010
Ruoring Landings 6 l1to10 Forced Landings 13 81020

(5) The Pilot’s Expectations of Student Performance. In his
final evaluzticn, the check pilot must make a judgment about the level
of perforraance that can reasonably be expected from a student for a
given phase of training. In the Air Force training programs in the late
1940°’s and early 1950’s, such judgmerts were found to be subgtantially

'Each check pilot bad & minimum of four years’ experience in flight training and evalvation
programs. Six of the pilots had at least two years’ experi- .ce an civilian supervisoro and check
pilots in the Amy Helicopter Flight Training program. The six military check pilots had from four
to eight years’ experience in helicopter flight training. All 12 check pilots had attended the same
standardization program for primary belicopter icatructors and had worked together for two years.




Toble 4

Estimates of the Percentage Contribution
7 Intermediate Mansuvers Should Make to Total Score®

Perceatage Contribution Percentage Contribation
Maneaver L]
Mean [ Range Mean l Range
Tuke-Offs 16 5t 25 Slope Operations 7 3t0 10
Approaches 17 141020  Hovering .
Flanoing Items 23 15 to 40 Autorytationa 7 2w 12

Aircraft Control Forced Llndings 21 10 t0 30

and Patterns 11 Sto 20

“Oue of the 12 USAPHS check piluts did aot rate the Advanced manenvers.

affected by che proficiency of the students whom the instructors -used
as a basis of comparison. In 1953, Boyle and Hagin (2) demonstrated
in a primnary pilot training program that 70 per cent of the students
with nc previous flying experience passed when they were grouped
together under the same instructors, and only 49 per cent of these
students passed whea they were considered with students who had had
prior light plane training.

In 1957, Krumbolta and Christal (13) reported data that
demonstrated the varia*ion among Air Force instructors in the level of
proficiency they expected of their students. The study analyzed the
grades for a sample of 216 Air Force aviation cadets from one primary
training base during a six-year period. It revealed that a cadet had a
better chance of success if he was grouped with cadets of relatively
lower aptitude. This was true within several aptitude levels.}

To summarize, the variation in check pilots’ standards can be
manifested in a number of ways in the flight performance evaluation
process. These standards can influence the selection of the flight per-
formance sample, the directinn of attention during the flight to certain
aspects of performance, perceptual selcction from the information to
which attention is directed, what is remembered about the performance
at the time of recording, the relative importance given to the various
maneuvers, and expectations of what stud 'at performance should be.

In a process as complex and as importam as the check flight, it is
mandatory that the check pilot’s standards for the evaluation process
. be as uniform as possible.

For these reasons, work was initiated on the development of a
flight check system designed to reduce variations in check piiot stand-
ards, standardize the sample of flight performance on which scoring
is based, and reduce the effects of the check pilots’ observation and
memory bias on over-all score reliability.

'Aptitude was measured with the pilot stanine predictors used by the Air Force for aelection
of air cadets. :




Chapter 2

HumRRO RESEARCH
ON FLIGHT PROFICIENCY EVALUATION

DEVELbPMENT OF THE PILOT PERFORMANCE
DESCRIPTION RECORDS (PPDR's)

As part of Subtask LIFT II, development of standardized, relatively
objective measures of primary and basic light helicopter pilot profi-
ciency was undertaken. Initial guidelines for the format of the measures
were provided by Air Force research (18, 19).

An analysis of the training program, including study of grade books
and interviews with instructors, was the basis of determining the areas
of flight training in which students have the most difficulty (17). Each
primary and basic training maneuver was analyzed into its components.
For each component, simplified scales were developed on which the
check pilot could quickly record his observations or judgments as the
student performed. For some components (such as pedal usage,approach
path to confined areas, and ground track on downwind legs) on which the
check pilot had to make more complex judgments, rating scales of a
more subjective type had to be developed. In such items the points on
the scales were defined as precisely as possible to minimize personal
interpretation by the check pilot. Where possible, however, gcales
were developed on which the check pilot could immediately record direct
observations on instruments or outside cues (such as RPM, air speed,
altitude, and approach termination pointz).

The original list of item components for each maneuver was thor-
oughly tested in simulated check rides by LIFT Il research personnel.
It was found that the number of items was more than a check pilot could
safely evaluate in the allotted ti:ue. Therefore, experienced flight
training personnel were asked to select only the items which would
adequately describe the most critical components from each maneuver
gegment. In subgsequent tryouts a descriptive record of student perform-
ance was produced which could be administered safely and accurately
by a trained check pilot.

The measures—the Pilot Performance Description Records
(PPDR’s)—were based on standard rides; that is, the same number of
maneuversg were to be flown in the same sequence cn each ride. The
check pilots were instructed to immediately record their observations
or judgments of each maneuver component, except for those maneuvers
in which safety considerations dictated against this procedure. For
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autorotations, the latter half of approacheas, the initial phase of take-
offs, and forced landings, recording was rcstnoned until completion of
the maneuver.

The Pilot Peiformance Description Records were administered on
a trial basis in 1957, and in revised form in 1858. The 1958 versions
of the Intermediate and Advanced PPDR's are described in the Manual
of Instruction for use of the PPDR's (10).

TRYOUT OF THE 1957 VERSION OF THE PPDR
Procedure

In 1957, the PPDR was used in check rides administered to 75 stu-
dents (40 Intermediate; 35 Advanced) at the U.S. Primary Helicopter
School at Camp Wolters. Examples of maneuver record sheets from
the 1957 versions of the Intermediate and Advanced PPDR’s! are
presented in Figures 3 and 4.

Each student flew two check rides, each with a different check
pilot. The student’s first ride was flown by one of the two check pilots
on the LIFT staff, and the second by one of four USAPHS military
check pilots. This procedure made it possible to estimate the agree-
ment (ride/ride relationship) between repeated evaluations of the same
students. The student did no flying between these check rides.

The assignment of students to the LIFT check pilots was on a
random or “chance” basis, For the second ride, each military check
pilot was alternately assigned a student checked by the first LIFT check
pilot and one checked by the second LIFT check pilot. The initial ran-
dom assignment of students to the two LIFT check pilots ensured that
there was no selective bias throughout the checking procedare.

The LIFT check pilots were intimately familiar with the system,
having been par: of the team responsible for its development. The
military check pilots hzd received only a brief training program from
the LIFT research staff pilots. This training consisted of (1) approxi-
mately four hours of lectures, during which the rationale of the system
was presented and cach type of scale was described and interpreted;

(2) in-flight demonstration by the LIFT staff check pilots of the record-
ing system, including safety training (e.g., the check pilot is to stop
recording during certain maneuvers or parts of maneuvers for reasons
of safety); (3) a complete check ride with a LIFT check pilot acting as
the student and the military pilot recording the ﬂig‘lt and (4) at least
one practice ride with a student pilot.

'Readers familiar with the Camp Wolters training program will note that “Intermedinte” is
substituted for “Primary” and *Advanced” for “Basic® o reduce confunion that might result from
referring to the primary pkase of primary training. “Intermediete” and “Advanced® had previously
been used to refer to the same training phases at Fort Rucker when primary helicopter training
was coaducted there.
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Sample Record Sheet From 1957 Version of the Intermediate (Primasy)
Pilot Performance Description Record
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Sample Record Sheet From 1957 Version of the Advanced (Basic)

Pilot Performance Description

Record

»

CONFINED AREA OPERATION

CHECK PILOT: Select ¢ confined arse to which ¢ tsuchéewn s peesible; point it out te the student.

L. Highk Recoanalssaace
A. Pottem flown with respect to:

1. Wind and forced landing areas . u

¢ $ 4
2. Obssrvation ‘angle of sight ‘[ ‘: ]' ‘{ P;" }’ ‘{A:'}‘ Best

Peor

Adq

Best

B. Atrcraft Control:

1. Atrcpeed (40-50 K) Erat Low High Proper

2. RPM (3050-3150) Erat Low High Proper
D! 3 Asitude Erat Low High Proper

@ ren Lob{rmt o o

Il. Approsch aad Low Recoanaissance
A, Down to barrier:
‘\\ \\ \
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B. Over barriet to ground: '
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Scoring of the PPDR’s

" Four types of scores were used in scoring the check rides: total
error score, item-weighted score, error pattern-weighted score; and
traditional score. The sccies are defined as followa:

The total error score--the number of item errors recorded
on the PPDR.

The item-weighted scorc—the sum of item errors weighted by
item importance and difficulty, converted to a percentage of the total
possible score. Item weights are the average of values (ranging from
1 to 5) assigned by experienced check pilots judging the difficuity and
importance of each item.

The error pattern—weighted score—the sum of check pilot
ratings on maneuver segments, weighted by maneuver importance and
converted to a scale ranging from 0 to 100. Check pilots rate the per-
formance on each maneuver segment on a scale ranging from 0 to 10
(0, dangerous; 1-2, unsatisfactory; 3-5, below average; 6~8, average;
9-10, above average). Maneuver weights reflecting the difficulty and
importance of each maneuver are the average of values assigned by
experienced check pilots.

A traditional score—an over-all score for the check ride in
terms of a letter grade (AA, above average; A, average; BA, below
average; U, unsatisfactory). Check pilots were asked to assign this
score on the basis of their own judgments (i.e., not to take the PPDR's
into account).

The HumRRO check pilots scored all of the Intermediate check
rides to obtain the error pattern—-weighted scores.

Results of the 1957 PPDR Tryout

The ride/ride relationships for the PPDR check rides administered
in the 1957 tryout are presented in Tuble 8, These data indicate an
increase in reliability over the traditional system, particularly in the
item-weighted and error pattern—weighted scores.

Table §

Correlations Between Rides, 1957°
(Comp Wolters)

Score hur-::l:l:mPPDR Adn::;:gsl;PDR
PPDR Score
Item-Weighted A2 37
Error Pattern—Weighted® S1¢ -
Total Error A7 .28
Traditional Grad= 2 10

*The symbol® indi. ites signilicasc: st the .03 lovel of confidence.
Mle error pattern--weightad score: w-re obisiasd only for the Intermediate PPDR's.

s
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The diagnostic capacity of the 1957 PPDR’s was clearly demon-
strated. The PPDR’s made it possible to count not only total errors
but also errors on specific elements inthe performance (such as pedals,
RPM, air speed, altitude, and ground track).

An analysis was made of the errors recorded by the check pilots
on selected PPDR scales (those accounting for over half of the PPDR
items) and two over-all scores. The difference between the LIFT staff
pilots (who were thoraughly familiar with the PPDR) was subtracted
from the average difference between the USAPHS pilots (who were only
oriented in the use of the PPCR) to obtain a *similarity index® for each
PPDR item and score listed in Table 6. The gcoring similarity of the
LIFT pilots was reliably greater for the items “pedals” and “EPM"
and for the traditional grades, The difference between the two groups
on the remaining items analyzed was regligible.

Table 6

Mean Percentage of Errors Recorded for Selocted ltems
and Mean Over-All Scores for the Intermedicte PPDR's, 1957

Check Pilats
PPDR . Similarit
ltem Experts PPDR-Oriented Index®
12 a]efls] s
Number of Rides 20 2 10 0 6 10
Mean Percentage of All Errors
Possible fork:
Pedals ) A M s % 17 2 11+
RPM 7 37 10 ¥ ¥ 17 16*
Air Speed 33 47 21 33 338 25 1
Altitude 2 2 19 9 4 8 2
Ground Track . 15 13 S 24 15 1 2
Idean PPDR Item-Weighted Score 79 74 85 72 16 83 7
Traditional Grade © 40 3¢ 100 0 N 60 45*

*The ¢ test was used 1o d ine the eigaili of the amoust of difference between the two groups
of check pilots. The one-tailed test was used for the aull hypothusis that the check pilots who were exports
in the PPDR system were as similar or less similar to sach other as were the check pilots who wers only
oriented to the PPDR cystem. The symbol ® indicates a difference that is significant at the .05 level
of confidence.

ese scales coustitated over half of the jtems oa the PPUR.

Based om the porcentagn of “average” and “above average” gmdes given. The PPDR was aot

referrod to in assignizg the traditional gredes tn 1957,

The analysis of the Advanced PPDR data in Table 7 indicates there

is no systematic difference retween the similarity of PPDR experts
and that of the PPDR-oriented check pilots. The only significant differ-
ence between the two groups is for the traditional score, on which the
PPDR experts were reliably more alike. For the item-weighted score
and for “air speed,” there is no difference in the amount of similarity

“m



of the evaluations made by the two groups of check pilots, On the
remaining items, the PPDR-oriented check pilots were more similar '
than the PPDR experts, but not to a degree that is statistically reliable.
Since the LIFT pilots had extensive experience with the Intermediate
PPDR only (their work with the Advanced PPDR was inthe early stages),
their familiarity with the Advanced PPDR was little greater than that

of the PPDR-oriented check pilots. Over-all, the value of experience
in the use of the PPDR Is strungly indicated.

Table 7

Mean Percentoge of Ermr.s Recorded for Selected ltems
ond Mean Over-All Scores for the Advanced PPDR's, 1957

Check Pilots
Iem E‘:::’:_ PPDR-Orieated Similarky
12 ]s|efs|s
Number of Rides 15 20 10 10 6 9
Mean Percentage of All Errors
Possible for®:
Pedals 9 18 14 S5 7 10 -4
RPM 2 3% 9 12 15 8 ~10
Air Speed 3 31 21 18 238 2 0
Altitude 2 29 ) 12 15 15 -4
Cyclic Control 3 22 21 10 15 15 -8
All Items 1 ¥ 4 4 4 -2
Mean PPDR Item-Weighted Score 80 83 88 85 85 82 0
Traditional Grade< 47 S50 80 30 S0 M 23¢

#The ¢t tost was wsed to determine the signilicance of the amouat of dilference between the two
grosps of chack pilots. The ome-teiled 1eat was u3ed for the aull hypothesis that the check pilots who
were expents ia the PPDR system were as similar or loss sicilar to each other as were the check pilota
who were osly orlented to the PPDR system. The symbol * iadicates a difference that is significant at the
05 leve! of confidence.

Mhcoe scales constitated over hall of the items on the PPDR.

“Based oa the percantage of “average” and “sbove averags” grades given. The PPDR was not
referred to is essignizg the traditions! grades in 1957,

TRYOUT OF THE 1958 VERSION OF THE PPDR
Procedure

The PPDR's were modifiedon the basis of practical experience and
data obtained during the 1957 experimental administration. Revisions
of the Intermediate PPDR were relatively minor, consisting largely of
changes informat making it easier for the check pilot to determine quickly
where to record his observations. A iev items which had been shown
to serve no purpose were eliminated, and others were added where it
had been found that student perfor nance was not described sufficiently.




Modifications of the Advanced PPDR were substantial. The type
of specific scale used in the Intermediate PPDR items was substituted
for the more cutegorical type of scale which had been used in the 1957
Advanced PPDR, Many ineffective scaies were eliminated on the basis
of experience, and a set of maneuvers requiring take-offs and approaches
over a tree, both into the wind and crosswind, was added.

Examples of the format used for the 1958 version of the lntermedizte
and Advanced PPDR's are presented in Figures 5 and 6. Both PPDR’3
are described in detail in the Manual of Instruction for the use of
the PPDR’F (10). ~

In the 1958 experimental tryout, 12 check pilots were trained to
administer the PPDR. Six of the check pilots were civilian flight
commanders or other responsible training administrators with the
Southern Airways civilian contract school at the USAPHS, Camp Wolters,
and six were military pilots who were part of the monitoring military
check section at the USAPHS.

The training program was administered to the 12 check pilots by
the two LIFT pilots who had participated in the 1957 evaluation, The
1958 training was somewhat more comprehensive than that given in
1957. It lasted one week and consisted of (1) a three-hour detailed
presentation and discussion of the individual scales in the Intermediate
and Advanced checks; (2) two hours of in-flight orientation in the use
of the PPDR's, conducted by the two LIFT staff pilots; (3) practice
with at least one student; (4) a final “evaluation® ride with a WIFT
pilot simulating student performance; (5) a procedure for identifying
markedly different individual check pilot standards, and partially
modifying these standards (requiring approximately five hours of
classroom work for each check pilot).}!

Following the check pilot training program, two successive check
rides were administered to each of 50 Intermediate and 56 Advanced
student pilots to obtain estimates of check pilot agreement (reliability).
The first ride was always administered by one of the civilian pilots,
and the second by one of the military pilots.

The four sccres computed for each PPDR check ride were essen-
tially as described for the 1957 tryout. However, in 1958 each check
pilot (military and civilian) scored the PPDR immediately after com-
pletion of the check ride and provided the error pattern-weighted
score. Also, the chack pilots were required to base the "traditional”
score on a careful review of the PPDR results.

Results of the 1958 PPDR Tryout

Ride/ride relationships for the 1958 PPDR tryout are presented
in Table 8. The error pattern~weighted and the traditional scores are
the most reliable. The trsditional score for the PPDR tryout in 1958
is reliably higher than that for 1957,

*This procedure is described in more detail in Chapter 3, pp. 28-29.
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These results provide evidence that subjective judgmentsg can, under
controlled conditions, serve to provide a reliable general estimate of

student proficiency.
Table 8

Correlations Petween Rides, 1958°
(Camp Wolters)

PPDR Score | tatermediate PPOR | Advanced PPDR
Item-Weighted 17 42¢
Frror Pattern—Weighted 42 .52%
Total Eeror 14 37
Traditional Grade (PPDR-based) .48* AT

*The sumber of students is 50 in all cases except for the [ntermediate errce pattern—
weighted score, where it is 48. The symhol® indicates significance at the .05 lovei
of confidence.

It was stated earlier that a flight proficiency evaluation system
should reflect to a substantial degree the consistency presumed to
exist in student flight performance from early to later training. Data
presented in Tabla 1 and in Appendix B indicate that interrelationships
between the Army’s traditional check scores and training grades are
low. By comparison, the relationships between the 1858 PPDR scores
given by the military check pilots (on the second of two rides by each
student) and the training grades given in the Pre--Solo, Intermediate,
and Advanced phases of training are substantially higher. To facilitate
comparison, Table 9 presents the relationships of training grades with
check scores given at Camp Wolters in 1357 and with those given during
the PPDR administration in 1958,

For the Advanced training phase, the PPDR error pattern—-weighted
scores and traditional scores (based on the PPDR check ride) should
show a relatively high relationship to training grades. This is partic-
ularly significant because the Advanced phase of training includes the
maneuvers that are most similar to those a helicopter pilot would have
to perform in tactical flying. The relationships between traditional
grades (PPDR-based) and training grades are also high for the Inter-
mediate training phase. However, the relatively low relationships of
the Pre-Solo scores and the Intermediate PPDR gcores to training
grades may suggest that there isless consistency in student performance
in the early phases of training as compared with the later phase.
Miller (14) has suggested that the crucial source of unreliability of
check rides is the lack of consistency in pilot performance from day to
day. The relatively high reliability of results for the Advanced PPDR
may suggest that this conclusion is approoriate only for the early
stages of training. The somewhat higher relationships between Inter-
mediate check scores and Advanced training grades further support
this interpretation. :




Table 9

Correlations Between Training Grades ond Check Grades (1957)

and Training Grades and PPDR Scores (1958)*
(Comp Wolters)

Treining Grade
Pre Solo l Iatermediate I Adveuced |
Check Grade or Score
1957
(N =55)

Traditional Check Grade

Pre-Solo AS5* 7 10

Intemediate 14 14 A45*

Advanced 24 14 10

1958
(N =50)

Pre-Solo .58 Al A1
Intermediate PPDR Score

Total Error 14 14 .28

Item-Weighted 20 22 B <

Error Patiem—Weighted 22 14 33

Traditiona] (PPDR-hased) a5 A2* a7
Advenced PPDR Score :

Total Error .50 .55* 42*

Item-Weighted .48* 57 44

Error Pattern—Weighted 52¢ £5* 53¢

Traditional (PPDB-)ased) .85¢ .60* .S1e

*The symbol * indicates significance st the .05 level of confidence.

Since relationships between check scores and training grades,
particularly for the Advanced PPDR, are of a magnitude that requires
relatively high reliability of measurement, it appears that the PPDR
evaluation system is basically sound.

The marked improvement in the reliability of the concurrent tra-
ditional score may be attributable to (1) the diagnostic data obtained
with the PPDR, (2) the necessity to review the PPDR’s to determine
over-all scoree, and (3) the PPDR check pilot training program. How-
ever, an additional factor must be considered: Both the civilian
(Southern Airways) training and military check section personnel at
Camp Wolters were devoting every effort between the 1957 and 1958
tests to improvement of the training and monitoring system. Undoubt-
edly these efforts resulted in increased standardization as well as
improved training. This is suggested by the somewhat higher relation-
ships in 1958 than in 1957 between training grades and pre-solo check
grades (which were not based on the PPDR aystem). Unfortunately,
data reflecting relationships between training grades and the tradi-
tional check grades were not analyzed just before the 1958 tryout. This
would have provided a more complete control for the comparison of




trzining grades with check grades and of the PPDR with the traditional
check system. Thus, the data presented do not constitute proof, but
are only substantiating evidence that the PPDR system was more
reliable than the traditional check system in 1958.

Substantial improvement in reliability is indicated, however, by the
higher interrelatior.ships between training grades in 1958 {ranging from
.61 to .74) as compared with thore for 1957 {ranging from .10 to .45).
The sizable increase in training grade interrelationships in the 1958
PPDR tryout suggests that the evaluation of training rides as well as
check rides had become more standardized.

However, even more standardization is necessary since therc was
still considerable variation among check pilots in the PPDR’s adminis-
tered in 1958, The percentages of all possiole errors that were scored
by the 12 check pilots on seclected items and for all items of the PPDR’s,
as well as PPDR-derived scores, were computed and the means and
standard deviations are presented in Appendix Table D-1., Aithough
the one-week traininy program given for the 1958 tryout appears to
have made check pilo: standards more uniform than in 1957, it did not
eliminate check pilot differences. It is noteworthy, however, that a
major contribution of the PPDR's is the extent to which they ailow
specification of some of variation in check pilot standards.

The PPDR system iiself ig substantially more diagnostic and more
reliable than the traditional system. However, either a more intensive
check pilot training program or a check pilot selection program, or
more likely both, must be initiatzd if the remaining substantial effects
of check pilot biases on flight proficiency evaluation reliability are 1o
be further reduced.
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Chnph.r 3
~APPLICATION OF THE PPDR SYSTEM

CHARACTERISTICS OF THE PPDR SYSTEM

The prototype flight check evaluation system developed in this study
consists of (1) Intermediate and Advanced PPDR booklets on which per-
sonnel serving as check pilots can score specific maneuvers on stand-
ardized, relatively objective scales; (2) a training program to familiarize
the check pilot with the concepts and techniques involved in the PPDR
system and to give him practice in administering check rides using the
PPDR; (3) classroom training for check pilots in scoring standard
PPDR's-~that is, an identical set of PPDR's for actual check rides—to
allow identification of specific areas in which the check pilots’ standards
of evaluation are atypical; (4) methods of scoring the PPDR, the most
promising of which is the error pattern-weighted score which reflects
both the importance of each maneuver, in the judgment of expert opinion,
and the check pilot's evaluation of over-all performance of each maneuver.

The PPNDR system requires that the sameflight test situation be pre-
sented to each student pilot. The type and rumber and, insofar as possi-
ble, the sequence of maneuvers included in a flight check is rigorously
standardized. This fulfills the fundamental principle of sound evaluaiion
thet all students be exposed to conditions which are as nearly identical
as possible. The existence of variables that cannot be contrclled, such
as weather and differences in flight characteristics of aircraft, makes
it even more essential that controllable factors be standardized.

The PPDR provides a detailed and permanent recordof the student’s
performance on a flight sample of critical maneuvers. The record can
be analyzed in detail to diagnose student performance or to compare
check pilct observations with those of other check pilots. The flight
performance sample utilized in the PPDR system is realistic; it has
been selectedon the basis of A complete analysis of training maneuvers,
tactical flying requirements, and expert pilot opinion. Most crucial
maneuvers are included in the PPDR check ride.

SCORING STANDARD PPDR’s AS PART
OF THE 1958 TRAINING PROGRAM

The requirement that check pilots _se similar standards in record-
ing their observations and in scoring the data that they have recorded
cannot be overemphasized. One method of determining whether check
pilots are using similar standaras is to have them evaluate the same

7
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performance and then compare their evaluations.}!

as part of the LIFT study.

During the one week of training that check pilots received in 1938,
each of the 12 check pilots was preseated with an identical set of
10 completed PPDR descriptions of actual student flight performances.
The PPDR's were selected from those adininistered as part of the
1957 evaluation program and represented a wide range of student per-
formance. The cover sheets on which final gscores and information
about the student had been recorded were removed so that the pilots
would not have any initial bias. ‘

The check pilots assigned a rating from 0 to 10 (0, dangerous;
1-2, unsatisfactory; 3-5, below average; 6-8, average; 9-10, above
average) to each of more than 100 mmaneuvers and maneuver components
for each PPDR. These ratings were multiplied by maneuver weights
which had been detern.ined by a group of expert check pilots on the
basis of difficulty and criticality of each maneuver. A toral score was
then determined by summing the weighted x-atings.z

It should be noted that in scoring these 10 PPDR's the 12 pilots
were required to evaluate only recorded descriptions of the flight per-
formance. No actual flight checking was involved.

For the 12 check pilots, a score for each of the 10 standard PPDR’s
was obtained. Correlations between pairs of check pilots' evaluations
ranged from .82 to .99, indicating considerable agreement in scoring
between the check pilots. However, the differences between check
pilots, even within this limited range, appear meaningful in terms of
agreement in scoring actual flight checks.

This was attempted

CLASSROOM SCORING AGREEMENT
AND RIDE/RIDE RELATIONSHIPS

The relatively simple classroom technique described above shcws
promise as a method for quickly pinpointing differences in check pilot
standards that would produce differing results in actual flight checks.
Following the administration of the PPDR’s in 1958, it was poasible to
select pairs of check pilots who had checked the same students and to
compare the agreement of their standards in the classroom sccring
with the agreement of the scores given by them to the same students
during 2 flight check.

Table 10 shows the relationships of PPDR flight check scores
for check pilot pairs whose classroom scoring agreements were from
.82-.99 (all pairs), .91-.99, and .95-.99. It is clear from Table 10
that more agreement in the classroom scoring doés mean considerably
more agreement in actual flight check evaluation for the Intermediate

*Attempts were also made to present the same flight performance to check pilots by flying
two obwervers at the same time and by presenting student performance on film, bot these efforta
were not successful. The studies on intorobserver relationshipa are presented in Appendix C.

*This procedare iw used to obtain the error pattern—weighted sccre (see p. 18). Means and
ranges of maneuver weights are given in Tables 3 and 4.
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Table 10

PPDR Flight Chack Scoring Agreement for Check Pilot Pairs
Compared With Classroom Standard PPDR Scoring Agrecment®

Correlations of Flight Check Scorea ® for Check Pilot Paits

PPDR Score Whose Scores on Standerd PPDR’s Correlated:

a9 | sm ] e
Intermediate PPDR
ltem-Weighted A7 22 67
Frror Pattern—Weighted 42 54 70*
Advanced PPDR
Item-Weighted A2 A4¢ .56*
Error Pattero—Weighted .52¢ S1e 61*

*Staadard scoring was performed on the same 10 Intermediate PPDR booklets by all check pilots.

MThe symbol * indicaten agreement that iv significant at the .05 lovel of ccafid . Al150etnd
are represented for the Intz:mediste and Advanced rorzelations for all check pilot pairs. For check pilot
pairs with agreement of over .91, the number of students is 42 and 44 for the | diste and Ad d

PPDR, respectively; for pairs with agreement of over .95, the number in 23 and 33, respectively.

PPDR. A trend in the same direction, but less pronounced, is shown
for the Advanced PPDR. However, it must be remembered that the
classroom method for comparing standards was based only on Inter-
mediate PPDR records. It would be expected that the Advanced PPDR
agreement would be much better predicted with a classroom technique
for the Advanced PPDR, which can easily he developed and applied.

On the basis of these results, it seems probable that training of
check pilots in scoring stanc ird PPDR’s can increase uniformity of
standards and consequently lead to greater reliability of the evaluation
system. Since an increase in reliability is critical to future training
methods research and to iruprovement of flight training by training
supervisors, stil! more effort should be directed toward development
of uniformity of standards among check pilots.

DEVELOPMENT OF THE PPDR SYSTEM
FOR OPERATIONAL USE

The data obtained in this study provide the basis for further devel-
opment of the PPDR system, by means of:

(1) Refinement of the PPDR and scoring method.

(2) Extension of the training of personnel serving as check
pilots. An aviator assigned to duty as a check pilot has the necessary
flight qualifications and requires only training to become qualified in
the use of PPDR’'s. Selection may be neces3ary where check standards
are extremely lenient and cannot be modified. .

(3) Establishment of an information system which will provide

* feedback on training results (a)to students for determining apecific
areas where extra training is necessary. (b)to instructors to inform
them of specific weaknesses in their instruction, (c) to command per-
sonnel regarding the effectiveness of the over-all program of instruc-
tion, and (d) to check pilots, showing where, over time, thr ‘v standards
are not sufficiently uniform.
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Appendix A

PRIOR RESEARCH ON THE USE OF OBJECTIVE MEASURES
IN FLIGHT PERFORMANCE EVALUATION

At least one research effort has, with some success, been directed
toward attempting to improve the reliability of the grade resulting from
the traditional subjective system. Crawford and Da’.ey (5) reported a
technique for using Air Force flight instructors’ comments written on
the backs of grade slips. Greater reliability of evaluation resulted
from their method than from use of the grade alone. While the tech-
nique may be cumbersome for regular use in a training program, the
study did indicate that instructors and check silots are capable of more
reliable evaluation of student flying proficiency than they manifest in
the regular grading system.

The efforts of research personnel to reduce the effects of differ-
ences in check pilot standards and to otherwise increase the reliability
and diagnostic capacity of flight proficiency evaluation were directed
primarily toward making the evaluation system more objective. In thc
systems that have been developed, research personnel have tried to
increase the extent to which the check pilot observes and describes
rather than evaluates during the actual check ride. The larger subjec-
tive judgn.ents are reduced to smaller specific judgments (e.g., too
much left pedal during the first take-off; over-controlled on the third
landing) or, in scoring, a subjective score is assigned to each error
rather than to the tctality of errors. Description has been assumed to
be an essential characteristic of a diagnostic flight performance evalua-
tion, and to be fundamental to its reliability.

As early as 1339, a research attempt was made to devise 2 means
of obtaining more objective and detailed, as well as more reliable,
information from flight proficiency measures. The resulting Ohio
State Flight Inventory (8) was directed toward increasing the objectivity
of flight proficiency measures. Other research efforts along these
lines prior to 1947 are summarized by Ben-Avi Q), and those before
1952, by Ericksen (7). In one of the most successful studies, reported
by Gordon (8) and Nagay (15), a system of evaluation for airline pilot
proficiency was devised that depended largely on objective and detailed
in-flight records. This system provided a ride/ride reliability of .70,
one of the highest yet reported. The reliability was based on the rela-
tionship between two successive admin®-trations of the same check
ride to the same student by different check pilots. Of course, the air-
line pilot’s activities are more procedural and require less frequent




and less gross control adjustments than do the lighter aircraft on
which most flight proficiency research has been done.

A well-vonceived research effort conducted for the Navy in
1952 (20) did not result in an increase in the reliability over that
obtained in the traditional system. The objective evaluation method
which was devised proved no more reliable at the pre-solo (ride/ride
relationship of .32) and instrument (ride/ride relationship of .33)
stages than the traditional subjective method (.42 and .41, respectively).
It is noteworthy that the reliability of the traditional method reported
in the Navy study was higher than in most studies. The authors attrib-
ute the low reliability of the experimental system to day-to-day ’
fluctuations in student performance rather than to errors of measure-
ment, citing Miller (14, p. 361) for support.! *Dilferent check pilota®
is also listed as a reason for this low reliability, along with weather
and aircraft differences. Considering other flight proficiency research
successes, these explanations hardly seem to be adequate.

It should be noted that in the Navy study there was consicderable
resistance to the objective check on the part of the instructors. Sixty-
nine per centof the instructors who participated in the tryout considered
the in-flight use of the objective booklets dangerous. This reaction
may be accounted for by the facts that (1) one of the checks was used
at the pre-solo stage?; (2) the format of the booklets in which the check
pilots recorded their observations required considerable “head-in-
cockpit” time to find out where to record; and (3) inadequate training
in the use of the booklets was given the check piiots. However, check
pilot aversion to objective checks hag been encountered to some
extent in most studies.

Probably the most definitive flight evaluation work has been accom-
plished by the Basic Pilot Training Research Laboratory of the Human
Resources Research Center, Air Training Command, Goodfellow Air
Force Base, San Angelo, Tex. The work described in this report was
largely based on the Air Force precedent. The developmental aspects
of the Air Force work aredescribed by Smith, Flexman, and Houston (19)
and Smith and Flexman (18). The objective method developed was
relatively reliable in comparison with the traditional system (most
estimates of ride/ride relationships averaged above .50), but the relia-
bility varied considerably from one application to the next, ranging
from .17 to .87 (12). However, the diagnostic capability of this flight
proficiency description system was of great value. Excelient examples
of its use for this purpose are presented by Flexman et al. (8), Ornstein
et al. (i8), and Houston (11). In these reports, detailed, objective infor-
mation about specific errors made by students at various stages of
training was presented which demonstrated the kind of valuable analy-
sis which is made pogsible by an objective flight evaluation system, as
compared to the traditionsgl subjective system.

'This view is also held by certain Air Force researchers; see Bray {3).
*Efforts by HemRRO to develop a pre-solo halicopter check had to be discarded because of
the safety factor.




In the various regearch efforts, increasing objectivity and requir-
ing subjective judgments to be more gpecific have usually resulted in
higher reliability and almost always have produced greater analytic
capacity in comparison with the traditional method. But the increases
in reliability of check grades have not been as great as is desired, and
the fluctuating reliability of the objective check has plagued researchers.
Apparently, the requirement for check pilots to attend to and describe,
or judge (where description is not possible), specific aspects of student
performance is, of itself, no guarantee of high reliability. Check pilot
biases seem to be manifested in “relatively objective” measures as
well as in subjective measures, and this probably accounts for low or
fluctuating reliability. Thus, primary attention shculd be accorded
the problem of reducing differences in check pilot standards so that
the more objective measures can be used reliably and for detailed
diagnosis of training programs.

37
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Appendix 8

RELATIONSHIPS BETWEEM CHECK GRADES
AND TRAINING GRADES
IN THE ARMY'S FIXED WING TRAINING PROGRAM

Table 8-

Correlations of Fixed Wing Check and Training Grades,
Comp Gary, 1957-1958*

(N =100)
Check Grade Intercorrelations
Check Grade SoHou |  Batlc | gopee [ Advasced
25-Hour .20 <.10 33¢ <.10
50-Hour - .20 14 .26*
Basic Instrument - - 26" 10
90-Hour - - - 22
Tealsing Geade Intercorrelations
28.50 After 50
Treialag Grade How Check | HowChockd
Up to 25 How Check AT* Al
25-50 Hour Check - 50
Check asd Treining Geade Corvelations
Check Crade
Tralaing Crade
28 How $0-Hour I Baato . 90-Hoar !A"'.e“‘
Up to 25 Hour Check 52* 32 .10 10 20
28-50 Hour Check 37 32¢ 17 A2 <10
After 30 Howr Chock .33¢ A3¢ .10 20 220

*The symbol * indicaten s significance at the .03 level of confldence.
DALl trainirg grades siter the 5U-nour check were combined bacause thess training phases were

very short.
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Table B-2

Correlations of Fixed Wing Check end Training Grades,
Fort Rucker, 1957-1958°

(N=100)
Check Grade lutercorrelations
Check Crade | apc | src | Fec
Advanced Progress Check-Contact (APC) - 14 J4
Basic Progress Check-Instrument (BPC) - - .32¢
Fioal Progress Check-lnstrument (FPC) - - -
Training Grade Intercorrelations
Trainisg Grade Yp to APC I APC to BPC | BPC to FPC
Up to Advanced Progress Check-Contact - <.l0 Jd4
Advanced Progress Check-Contact to Basic
Progre~s Check-Instroment - - AS*
Basic Progress Check-Instrument to Final
Progress Check-Ins*rument - - -
Check sad Training Grade Correlations
Check Grade
Traising Crede
APC BPC l FPC
Up to Advanced Progrees Check-Contact 29 10 28
Advanced Progress Check-Contact to Basic
Progrese Check-Instrument <.10 55* .28°
Rasic Progress Check-Instrument to Final
Progress Check-lnstrument 14 - .56 39*

*The symbo! ® indicates sigaificance at the .03 lavel of confidence.
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Appendix C
ATTEMPTS TO STUDY INTEROBSERVER RELATIONSHIPS

Interobserver studies are traditionally an integral part of flight
proficiency measurement research (19). A method was sought in this
study for obtaining interobserver agreement data by placing two check
pilot3 in the same aircraft, both evaluating the student’s performance
simultaneousiy, Unfortunately, neither H-23 nor l-13 helicopters, for
which <he PPDR’s were being developcd, were capable of safely carry-
ing three people through several of the primary training maneuvers,
particularly with a student pilot, The H-13H, witl: its more powerful
engine, was used in an attempt to have two check pilots observe an
instructor pilot who simulated student performance. However, the
added weight substantially altered the performance of the aircraft dur-
ing critical maneuvers such as autorotations, maximum performance
take-offs, and steep approaches. Under high-density altitude conditions
the performance of these primary maneruvera with two passengers,
even by an expert pilot, approached being dangerous.

In orde~ to study interobserver agreement, a helicopter (Cessna
YH-41) somewhat similar in size and general configuration to the
H-23 and H-13 and capable of carrying a pilot and three passengers,
was obtained and attempts were made to adapt primary maneuvers to
this aircraft. The flight characteristics of the YH-41 were sufficiently
dissimilar to the H-13 and H-23 that quite different procedures were
required to execute primary maneuvera. Had the project been continued,
the results would prcbably have been applicable only to the YH-41, The
YH-41 was experimental at that time and three successive mechanical
failvres terminated the investigation. Thus, initial attempts to obtain
in-flight interobserver data failed.

If the efforts to obtain interuvbserver data had beewn successful,
there would still have been the problem of obtaining a permanent, accu-
rate, independent record of the actual performance. As interobserver
efforts did fail, attempts to record actual student flight performance
became even more important, particularly because of the need to allow
for comparison of actual performance records with check pilot records.

Prior research had successfully used a series of photographs of
the instrument panel to obtain pertial records of student performance (18).
HumRRO research personnel attempted to adapt to the H-13 and H-23
helicopters a camera arrangement whict. would photograph the instru-
ment panel and the horizon during flight at the same time that a check
pllot applies the experimental PPDR’s. This approach was unsuccessful
at first because of inadequate knowledge of photographic techniques ard
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a shortage of time, personnel, and money. A method which did appear
to work was developed tco late to be included in the firal data ccllection
phase in the summer of 1958, ,

Had the photographic methods been successful, only about 25 per
cent of the check items could have been recorded, and approximately
four hours per check ride would have been required of a trained clerk
to translate filmed information into useful data. Because of budget
iimitations, (his technique was not considered for further study.

4

SRR




iy

VARIATION AMING CHECK PILOTS

Appendix D

IN SCORING THE 1958 PPDR’s

Table D-1

Means ond Stondard Deviations
of Percontages cf Errors Scored by Check Pilots
on Selected PPDP ltems and of PPDR-Derived Scores, 1958

Iatermediate PPDR

Advenced PPDR

few
Maag Standard Deviation Mean Standsrd Deviation

PPDR ltem®

Pedals 10.7 7.2 8.7 4.6

RPM 20.6 13.4 0.7 11.8

Air tpeed 29.1 6.8 38.3 12.5

Altitude 168 5.4 16.6 5.6

Ground track 16.1 $.4

All Items 20.4 . 6.0 19.2 5.5

PPDR-Derived Score

Item-weighted 84.6 s.1 84.6 5.1

Error pattern~weighted 70.2 6.5 70.3 6.2

Traditional® (PPDR-based) 55.4 14.7 45.7 21.0

“Of the 12 check pilots, one was not svailable for the Intermediate PPDR snalysis, and arother was

aot available for the Advanced PPDR analysis. Thus, 11 check pilots are represented in anch sratistic

in this table.

items constitated over half of the items on the PPDR's.
“Based on the percentage of “average® and “above average® grades given.

i 2

sty s g N ke S AP

ot B R g A s




hiatia i N

3 T O BN

R L

ACKNOWLEDGMENTS

The authors express their sincere appreciation to the military
and Southern Airways civilian check pilots at the U.S. Army Primary
Helicopter School at Camp Wolters, Tex., who worked with the HumRRO
research staff during the summers of 1957 and 1958 in experimentally
administering the Pilot Performarnce Description Records. Their crit-
icisms and suggestions, as well as their willingness to submit their
profession to careful examination, provided a substantial share of the
basis for the work described herein.

43

e LR L o

2

s R e R DO Z A




¢ ¥ wau

-
* N=2e a0

PR rr

* e

e 8 ¥

-e w

.- couw

-

BEST AVAILABLE COPY

DISTRIBUTION LiIST

INOG METHODT DIV MuMBKO

UBA ARUAR W AR WT L UNIT HUMRED FY KNOR

VA LEACINBIIR HmUMA Y RES UNIT HUMRRO
PECS AF MOnTREREY

VA INFANTAY HUVNAN RIS UNIT muusn
T MEmunIna

AR TEFCRIT wuMAn RES HNIEY MyMARO
FT BLIes

UEA AV IATION MUMAN AES UNIT mumAR
FY Auceca

CO UBCCRARTZ I'T WONROPr ATTN O3

Cw¥ ®wEs & DC/EL Da
ATTH SCICNTICIC tmPFO BN NEL 2Ry DI

CHE DEFENSC ATOMIC 887 aqy

CIf WeAPONE SYSYEMS CwAL am

CD® LD COMD NEFENSL ATOWIC S#Y AGY
SANDIA BART ATTN FaTQY

- RACIFIC ARO 38 San FRAN

AYTN O3 D4Y Div

€d SOUTH CUMOSTAN TaASx FANZE are 1

€O US ammMv Jasan ARD 343
Sam ewaw ATTN OF

€O VS amuY CamiBECtan
APD @6 NEW OALRAWS

€O UT ARUY ALANKA ACC Pa® BLATTLE
ATYN COwEAT DEvVEL

€A UB ANUY (URORE ARO a0) ~Y
arTe cens DIV

€O UNE YmanB WFS Crul FT Cusvis
ATTN CHE mEB ARP CTH

€O FINGY AT LUUVLNNLUNY IBLAND
aAvTrn a3

€O SCCONE AAUY FT OEO G MEADE a¥Twn O

€O THIRD 2RMY FT UeAHERSON

€O POUAY AMLY FT SaM mMDu’ TO™ atTn GI

€O SIP T ARy CHICANR ATTS

" TP MmUY OFC Cukm OFF ARO en =~y

CO EIOMTH ANMY ARO 301 SAN Faan

€O 29Tm INP DIV ARO 113 mMEw voam

€O 10IKY A@mw NIV FY CammeELL

€O 14T CAv DIV APD 24 SAN TRAN

CLIN PEYCMOL SEBY DE™T NEUAGH - CrmiaT

BIM MuMAN ENGIN LASS
ASPRDEEN SROVY OND WD

€G OMD ¥ag COVD ASCADEEN
ATTN CURRICULUM BR

BPYCUOL 4% CNv INONMENTAL ALS DIV
VEA Qw HER & KNGIn CTR NATICK WAS

CG VEA Qv RIS & ENLIN CTH NMATICR MASS
ATTN rECH Li®

SRS UBA CHC COMSL BD UhA CMEM CTA MO

€3 US aMUY OAD WIAEILE COMD AECDATONE
ARBENAL ATTN OMDum W

EnF ARBLICATIONS SCCT S40 BR *CLEV DIV
ARUY BiCTORIAL CTYR LONO

€O ANuUY ELECTRANIC PaUv IND
PP MuACWUCA ATTN PECH LI

€a FIAST GUIBED WISBILE ARNIC
T mLrNe

€A US MUY COMSAT DEVEL ER® CYe
r= cao

1 IRNTW UBA LI® BErOY

€uP DEPY CLIN & BOC

ue

o nv

@ov awp wo

Saw Tman
wALYER mLCD

ARUY MY SES WALTEN SELED ARUY MLD CTA

ACS O3 uUSa 318 TNG CTA PT BORDOWN
TIA Culr SLANS & #EGCS BA
220G *v oan
DI WALTEN RELD ARMY 1met RES
HALYRA MEED ARMY wEE CTH
WAL TES MFED ARUY INSY RES wALYEA
MEED AMUY MED CTH NEUROPBYCHMIAY Div
€0 MW URA ENLIBTED EvaL CTA
F1 BENJ mammiuON
—uman € #QaYH aAim
AI® BROV OND CTH gELaIN APS
TR gOLIN ArF
RANKFOAD ABMY OND ANGENAL
ATTH ORDYA 434
TEUT DUVEL KNLISTED EVAL CTR
PP BEMIAMIN HARR I EON
BEAY ARVYCHIAT®S: WALYLR ATED AmuY
“ST mes
€GB 3Tk MREAION LIANADCOM
FT SERMIDAN ATYN O3 ?thO
6T REQION URAMADCONM 1 waxEn
THIRD VA ARMY MISSILT COMD ¥¥ BRAGO
€A US amuY AVIAY CTm #T muCtRM
MUMAN wacToee ArCY THEIVE BYSTEM
ENGIN DIv wA 10T SATICASON ara
BI® UB AMMY BD AVIATY ACCIOENT ecg
re muckxew
PINRT U AWMLY MISSILE CCMD MED
ABO 32V mEw voex
LiI® USa waAR COLL CamL ' SLE WxH Pa
ARSY COMDY USA (NTEL BUm # T ~OLAR(AD
AYYN QD1
COMDY Cnmd & CEn STAFP cCOLL
PT LKAVENWONTH AP TN ARCHIVES
DIM MIL “ayYCHNL & LDNEMP US Mit ACAD

scv anp

co

BEST AVAILABLE COPY

4 SNS + Bus weQ w= o sas o sebee wew

.o

cosen

- o e

e® Ne O Noe

o

US MIL AaCAD ATYR L8
COMDY aMMY AVIAY w2Cm #T AUCKEN
ATTN SCH LIB
©OMDY AmM/ BECURITVY aQY TNG CTS & SCM
P DEVENS ATTM TAO PUBN 8
COMDY INDUB COLL OF ThE ANMED FORCIS
FT LEBLEY v VCmAR
COMDY MATL WAR COILL "7 LISLEKY 4 MChs
ATTH CLASSI#IUD mMICC7De 6N LIS
MLD PLD SEMV SCH MAQUEE AVMY MED €TA
FT BAM MOUSTON ATTN LI
UBA ARMOR SCH FT mNON ATTN DIN INSTAUSD
COMDY USa ARMTR ECm FYT KNON
ATTM NEARONS DLAT
LOMDY USA AAMAOR BCw FT KNOX
ATYH COMBAT DEVEL QF X
COMDY uUSA CHAPLAIN BCH FT BLOCUM
COMNY yUgA CwCW COMNE BCH T mMCCLELLAN
ATTN EDUE ADV
CO CHEM COMPE TNa COMD FT MCCLELLAN
COMDT URA FINANCE 2CH FT PENJ MARRIBON
COMDT UBA ADY UEN uCH FT SENIS HARR ISON
usa Ine M OFT BENNING ATTN EDUC ADV
COMET USA INF BClm FT AENMING
ATYN CuF COVEAY DEVEL OFC
MO ADy QEN BCM FY QLN HARR|SON
ATTM ABET COMNDY
L8 YmA QM BCw FT LEE
TOMD QM WCHW FT LIE AYTNM EDUC ADV
€O Uda TRANE TAG COMD #T CUSTIS
ATTHN COUDY USATYATH
ABSY COMDY PAOVOI™ MARBMAL GEN B8CH
*Tt oomDon
€O VSA Ri0 TNO CY® FT GORDON
COMDYT usA OAMD GUIDKD MIBSILE ETM
MEDUTONE Axiloan ATTN UROwm GME SND
COMDY usa OAD BCw ANKRDEEN HUOYV AND MD
COMDBY LS AMMY A1E® LLFENSE SGeM
FY GBLINE ATTYN CLASSIIIED YECH LIW
COUDT USA ARTY & MIBBILE BCwM AT BILL
COMDY STARAT INTEL BCH ATTN AnaL OEST
COMDT AMMED FORNCES STAFF COLL
nORFOLK
COMOY UBA BIG $CHM FT MONMOUTM
counT JUDOI AUVOCATE GEN SCwM U VA
US ARMY SAEC WARFARE 8Cw ATYN CDD
#* smaaa

CEDUC COwWSULY U'lA BROVOSBY MARBNAL OEN SCM

Y sompoN
COMDY yYBA ENOIN BCH FT SELYOIR
VS ARUY SCHM KVIOSE APO 172 NEw YOAR
CHF TNO DIV OCY BUBJECTS DEMY
US ARMY ARMOS BCm FY XNOX
COMDY uUS ARMY AVIAT ST
ATTH EDUC ADY PY muIwEw
COMDY LS ARMY PR )IMARY HMELICORTER ICM
CAMS wWOLTYERS
CHP ORNE @ TNG US ARMY SRIMARY
MEL IGOPTER SCH CAME wOLTERS
SECY OF Twmg amMy
DES PERE DA ATTN CHF CaS DIV
VS AMMY TEANS INPEL AQGY ATTN AVIAY
8% amLiNOTOMN
OCS MIL OFNE DA ATTN CWMF NG DIV
CEWMF PRANE DA ATTM mil DIV
CHF ENBINEERS ATYN CHP ORG &4 THua DIV
€HF INPO DA ATTN Cmp Tt OtV
ore

CHF $10 OFF DA ATTN EDUC & YNNG W
“® USA MED AEKS & DEVEL COMD
ATYN NBaem ALS an
SEAB AEKS OPC DA ATTN CMP S4D
CwP sgme MOY BA wEs & DEVEL DIy
ADJ QGEN OFC ATYTN AQTS a
SYATEWS DEVEL OA ADJy QRN OFC DA
AYTa AGTE ™
a

us MY COMSBAY SURVERILLAWNGE aav
OFrc cwur sia ore
cne FAIRG DA

ACS MEEEAVE COMPONENT® DA

CHP ARMY BECUMITIY AQY ARLINGTON ‘A
ATTNn OAS 3%

com MED BEAV TECw INFO AGY
ARL INGTOM VYA ATTN TIPCR

€C US ARMY MID AKS LAS FT xNONM

€O US ARMY COMBAY SUMVEILLANCE AGY
CLAREMDON VA

CHP MES 4 DEVEL DA ATTN TECS LIA) . w uwée

BUC &4 TNO 8" LOMEAY DEVEL &4 OMNMS DIV
NFe CWP 810 OFr Ba
SEME 4 TNO DIV OWDHEC OFC CM® OARD ha
OFC SURO GEN BA ATTA MEDD P
€3 UB AMMY ORC TWO COMD
ATYN CGRDMB® TD Yuv ABENCTIEN RMOV QMD
LS ARMY COMBAY NUAVEILLANGE 4 TamagTY
ACOU BITION THG COMD FT MUACMUSA
CH US ANMY AIR NEPENIE COMD KNT Acw
PRES uUBS ARMY ARMO® #0 FT =XNOX




.
ebayya

.
PYP Y N

-

“N 4 Ses

susa

8 N - e edeabu

.

-

.y

BEST AVAILABLE COPY

MAINT @D #Tt amOx
AVIAT @D 7 muCmen
AMMY JmTv @D FT miCL

RS US aRuyv
sRES U8 ARuY
SAEL DENY US
FRLE UK APV
SHLS us AnwY
,REs us Amuy
te o= D
ADy Ak~ ®D Pv
SREE ML SOLICEL D
€O CCA 1ef AHMOSED FIV FT wCOU
CO 4Tm AMMOMED DIV A*0 IR NV ’
C 4Fi. AMMOR AN amO TST? NV
CO 4D ARMMUMEDN CAvV wgEO rY AT .« 4
CO AT ARMMCHI N CAV Hrd FT xNOR
CQ UM ANMY AWUTE A4 ARtV FI®mpNg ST
FP STEWARY AYTN ACK 33 TnO OFF
TAT ANMaIMI D DIV MO & mQ £O Y oo
14T CAV Div I VED T« B
AQTM AMVMON ARG Ja SAN FaAAN
IQT 1w# DIV 1QY wFD Ptx Bw
Svim AmmOw
2T IwNP DIV OIRT
68T amvDA awo
ATm INF DIV 1LY WD T awn
VAT APVON F Y Liw 9
A A IR N T 4 a0 MED Ta wn
POTe Al Y sav Fman
BYm Imr Titv 2N " Te mN
B8 T ARUrA AP Da wNY
en l"“ D 2D wmravy ‘x9N
ARVOR ARPC TAT MY
veo

IO CORBYE WD PT MONMOUT M
TRAam®m ND FT LuSTIG
-

BIny mAmBI NN
T aomoon

Iy Y3

ANVOw ZTR FT eNON

€6 3o
2TYe a®uom APC Je NV
€O @TH WED Tw [ £8Te AMMLE FT BBAGC
CALIP NATL OMN 42% . LMMORED DI
AC UF £ 67 LO% AannELES
ACORQIA FLORINA WatL u®:
4BTH ARMMORIFA AV JATEEONVILLE
MY NATL GAC =y FYTo AMMONY D DIV AuFFaALO
YEXAST MATL (9N 48T ANMAONED Div DALLAS
€O 24%m INF Div ID MED Tx ON JaTwu ammBne
ARG 28 wv
€a ue Awav
atr~ a3

aamon CTR Pt wnuOR
aimer T
€O 197 1mF Div T micev
€N 3D INF DIV F? RENNING
a¥TN Civ aviay CDe
F0 AYe (NP LIV PT Luwis ATTN O3
QO AT gmMe LY SRl 11T KY ATT T3
€0 #v cCAm3ON ATYN G2
L0 Qa8 MY mAwAr
avTn O3
ABN INP DIV FY @®AQGO ATYN O3
INF Ba1G FT BErMIE ATTN 2D
RATTLE OF 3D InNF MED FY werw
WATTLL LR® Ale INF LG ANO f4T NY
€O 3D MATILL GRE AT 1M REO ARG T4 AV
€O 1871 wATTLE OGRS BTw ImF mCLO
Am> ®37 mgatTig
£3 2p marrLE OmRS Yiuv
23 1aY aAmuomrD miFLL g%
aro 2% ~mv
£O 14T amvOMFR RISLT N 4B T
ARO 28 Ay
€O 3D AmucESD mIFLE WA BI4T
AP0 27wy
€O 1wt AmuOmENn MIFLC BN V3D
"3 camson
ABRAC DIM Amuy amuy
VS MAV TNO DTV CTE mT waARMINITON L
£O MO V%A MADADCASTING & VIo AGTIVITY
BAC ARC 3DV %AN TRAN ATTw WUp muCE OFe
C=P AUDIO VIS ABSLICATIONS UFC amwy
PICTORIAL Siv GFC Um? wmos ure
CHP MED RCY SROJ US ARMY —O8F
US ML acaD
€a MIL DisTmICT O

ArTn a3

amC 937 sim Fmacs

<o a0

tne mea eV
aTw inr

wucwan
rEy

tw® nra

T Y R
e

SamTicre ne

.AgmINOTON

we Q% wxcY
Zoup *¥ LEL
HO US ARMY LIAIAON ARS BAO, MITMIDAN
U “1Cuiaan ANn ameon
DI® Awmy t i@
CHMP WIL HIAT ™A ATTN GECw RE#F =
QM "OOD & CCNTAINEM INST FUR ARMED
FOMCES LW AMMY CwICAQO
3D Aew v fT wmaaco
MO 40TM ARTY UP1CG AiW DEFCNSE
PRES OF fan FRan
BETM ANTY SRIC AN DEFENSC PFT
I1ST ARTY AMIG AIR DEFENYE
PITTSRUMG ELEMENTY OAZiDALE #a
BEBYH AMTV OAP Alm BFFE P FT LAWTOM
IPY AMTY BNIGC AR DEFINSET HAMPTON
MOADR CLEMENT NORFOLC
FOTe AMTY QORR A M BEPINSC
sSCLPmiDaE are
BID ARTV ANIU AI® DLFENSCE
MIGMLANDS AI® PORIE ETa
AATYH ARYY gEIn Am ETFENSE
ARL INGTOM WMOTR ML L
2ABTM ARTY BRIO AIM DEFENSC
Pr GCOWNGE O “EADE
€O US ARMVY SIGNAL AVIAY TCST & $SPY
ACTIVITY FY mucmEw
CINC US ®aC FLEET FLOET O SAN PRan
MD CLIM REYCHCL SECT SROF DIV
WUm MEZ 4 SURO D
TECH LN FEME 118 GU®N NAV SEWS DN
DIN PEME AES v MUR NAV BERS UW
CHF NaAY PEmw DN
PEMS 4 TNO Mu PuvCHOL SCH
orc mav mee

EY LT TS

Biv

BEST AVAILABLE COPY

”w,g

T

CAD ED AMEMDTLN AROV ANT MO

T—— — T e e T T gtk ooy
A i S DR P Tw B LR " .'

v Ne

“ e as N wew

Ndu vv ow avvalNe 29

-

€O 4 DA YEN YNEC DEV T

PP WARRINOTON L} ATTN LISN
CHE PUYCHOLONI ST mMuUMAN E Cin LEPT

US WA Tad DEV CTH AT wWaASMINGYON Lt
MUGU FAL P
camr

VS NAY WESRIIE CTYA mOdr 7
ATTh wUmaNw ENGIN DIV LIFK SCI

€O USRS Mav AtE PEVEL CTR
SOUMRVILLE ®A ATT . MADS L3

US PLECY AnTI AIR WAR/ANE TNG CTA
DAW HECK WINAINIA SEACH

Cutn -uvc-uLcanuv wENTAL mvalENT

ve acac

wd u' NAV QUINLD MILSILES BC
DAM WMECH WERGLINIA BEACH

S £8 D ATYTM WD ®rmGc & ThG o8
coor ess

Cm® mAV BIRE DN ATPN DIS® BEYCHOL GG
coar esd

OFP (N Cum U WAV SERE MES ACTIVETY
US MAV SLAPONS MLanT

CO WAL 1ES R OFC MAYY 100 mY

G MAY AIW PAQ Ta . RER DTeT

w BTA mENiACOLA

AviaT wroD

T vEh CPH mENSacCOLA

€O "4EL FLO MZS LA™ CAME LLJEUNE

CON PAC “rgatLl MANGE US NAV MICIILE CTR
PP MUGU CALI® AYTH TECH LIS CODEL 210

OFF N CxARGE Ul NAV PERS NES
ACPTIvVITY $1m niCaC

US WAy Arw PECH THO ST MEumm s

ME MAVY NTUAOSEVCMIAT MLE UNIT RAN BIKNO

€D® PAC 4IBAILE MArOT US NAV MIRIILE CTH
BT MUGU TALIF wUvAN ERTIN OFEC CODE B20

UM NAY AEmQ AC% LD ACTIVITY
VS MAs SgCEIvVENn tTa

US MAV (mT BT CTw NAY YTA COPE M 13
ATIN EBUE SMPCIALISY

CD® THA COMD UT ATLANTIC FLT NORFOLR

COMDY MawINg COMMI COBF DC
G Ui uMamINE cOmmy

COMDT waANING CWM%
Md US VMARINE COWRN ATTN AO eC

DIie wam CONWT ENUC CTA MAN CONPE SCw
ATTH SECHET & CONK FiLES OMR

COMBY maG(mg CUABSY COCE AD 3G
MG UR wARINE conew

RiR MARINE CONPG BT ATTN

CHF NAY OPuyd OB Otmy

Cur NAav PECH TNG NAV AIW STA NEMPMIS

VBND ANILYSET OFC =G %TRAT AIAR COMA
arsruvr are

AL TNC CIVD WANDOL Be AFS ATTN ATSTM

UIN ThO DER ® ~C US A (R FORCS ATTa mTHR B

CHF LIPE BCHE APA DIRCTE WL
DCS AEE & TECwMAL MG USAF

EnP UMD WLANT DIV DIRCTYE SLaNC
ECT o <3 s aim PomcE

CHP SLACLUL®? & EM=LOY WFL DIV DINCTE
CIviLrAw BrR4a DT3 ® wG 4<% A1®™ rotee

CHT ~ampve BrvEl Areq CYAL ww
Bi® AC®S wiam DCE & we UE AR FORCE

AFEC BCT & TrTM Li1aAYON OFC DN

CHF Amal BECT InTEANAL I%FG DIV
GFC twP drus OFC IECY AR FOMCE

WC AVSC 4COY 3 ANDAEWNE A9

CDR CLECTATINIC 1¥A DIV L O HANBCOM
TLD BEBLARE VALY ATTY m<maO

O W GeT AI® BEVEL BV
W IANY BATYTEEBON AFS

DET ~° ¢ SEWS LAR WA IGMT Atw
LACKLAND arB

At PN CAV, ATTWE w RANDOL®M AFe

AMD MRRTO WRICHT RATTERSON AFY

O MALLIT AYHE DIV AP SYS COMD LOS
ANMOELES ATIN WMUU FACTORMS TEST Ore

MIL THO CTR LACKRLAND Arw

DIM ACROMED LAG ¥AI1GNT Al DBEVFL CTR
wE BT SATTENION AFE

Bl AIm U LI wAKWELL AFS

BCH OF AVIAT MOD NADOKT AcE YEX
ATTHN ARROUED LM

UNAFA DLI® US AtR FOMCE AGAD

EBN ANCTIC AZIOMED LAB ASO T3V
ecavrie

GITOTh SKAR WL LAG SAD ALACEP,ACE
MED DIV LACKLAND ara

2IM LatL WECURITY AGY FT QED O MEABE
ATTH DIR TRG

CPHTMAL 1WPEL AGY ATTHN OCT WAL MM

D¢ R CHF wOP TG & TNO DEVEL ®R YNNG DIV
PED AVIAY AOY ATTN BT 3

NMUNLAR 4 <8S0CH INC » ALYAen

®E4 ANAL CORP BETHMESDA D

MAND CORS wase DC ATTS LI®

O CPPrECTIVINF®S ACL _A® U . WL

ELUCTRONICE ®FRSE MES 1P 1 SOUTHMERN CALI™

CLECTAOHICE % LASS COLUMIIA U
ATTN TKCw COTTOW

PHE MITEE CONE MEDFOMD MASS ATTN LIS

weS TN lLS:Ynl‘ TC LERINGTON BD RLANT
winsTON B

MEABMT Li® .'chﬂL BESY U BOM ATTN CIR

WESTEAN GLECTRIC €O INC NV

MUTTAN EEQL PUMD MY

= uAN BCH WEE INC ASLINGTON VA

TECHM iNFO CTi ENAIN DATA SE2ZY NOWTM
AUCHICAw AVIAT INC COLUMBIUG T C

DEPY ®EyCWMOL VARDEAHIILT u

OHIO STeu ZOLUMBUY

CHM MES 4 BEVEL CUMMIYTEL
AVER BOC TG NINE U TCmw

DFeT S0CICIL CHICAROD U

ACAT PUALIC HEALT™ NEREELTY

uny Y

YR

TvaL usit

a4 Cwwns

ATTN wwenar
zrvsL cTa




e

ETIT)

-

Weaya

“edua

-

cnase o

e

MUMAN FACTOMS SFCY ML ®YOU PV
ELECTA)IC BOAT amoTOon ~

WAITISN DEPFENCE mES ATA

OFC DEF ALY MEVBER CANADIAM JT BYswp

CAMADIAN ARMY STAvF w

CANABIAN LIAIGEN OFF LS ARMY
T meox

ACH INTEL FOACION LIiAIION OFF
ATTN NORWESRIAS MIL ATTACHMY

ACS IMYEL FOAF 1ON LIAINON OsF
AFPTH SWEDIYN MIL ATYACHME

NATL INST ALFOMOL mL S UsLd NOWwAY

CANALIAN LIAINEN OFF U AAMY aviar
mR PY mucxER

FRENTH LIAIBO%Y CFFP UG ARMY AVIAT &0
v muckew

MEMNINOYR FOUNDN YORExS

AMES I NGTY Agd wasw DC

AMER tNBT MES "Ow Ba A

BCH FUBINKEES COLUMB A

PEYCHOL MES A4TOCS AWLINATON va
ATTH TEC Li)Bn

BELL PFL L/WE IANC MUNHAY mMILL N

UMIV OF GroMnIa Drer Ssvowd

CREALIN COLL BEST anNvomnL

BEN ELEC €O LAMYA BaAMgANA ATTYN Li@

VITRO LASE BILVER SBAING LAB wp
AYIN Liew

TENN VALL Y AUTHORI YT MmONVILLC
APTH LaMCE RFfL OPF DIV mEmS

COMMYLNICAT I ONS SOC pEmY
BELL YEL LAUS MURBAY miLL Mg

U UTAN APIN Cxs BEPY PevemOL

AMER INST AC% LOT .anAKLES

AMEALCAN INET RER “ate WMATED Cap s

OraT RAVCHOL MiCHm AT u

NFW MEMICO AT UiV umniv
ATV DEST BEVCmOC

NOWLASD A& C€C + “NDONFIELD 4

NERTROMICS DIV NOWTuRCR cOam

TP BBYCHOL W& Cav
NeLANGuA CiTY

Asvuom VO

Tra Loems
v

camx wu

ATTN mATw
aNAWE I
ArADMTD wES tueT

cay

BEST AVAILABLE

Y -

-

LR Ly R L ey

COPY

BENDIN AYSTRHUSN DIV ANN AAHOR
NUMAG PACTORS Bl aAPe
AIRCAAYT ARUAMENTS INC TALREYIVILLE AD
ATTH HUMAN FACYOMS ENLIN
AMER MACH & FOUNLARY CO OREEAWIZM #N0 Diy
HMUMAN FACTORE DIV GREEMWICH CUNN
DENY wmiL SC) OAE 8T U
TUPTE UNIV MIUDFORD MATS ATTh moaMAN
ENOIN & ANAL SEWNV SmOy
AMER I CaAN PEYCHOL aBEN
D DCRT AIYCHAL MORTHCRN
DE waiLm
HE TECH SHOCIBSING TEN LIW LuURE o
BOCUMENTS DESY OCN LI® & Cays
BIFTE &4 CHCHAMUES LID FLA ST U
LIM PEVCHOL LASY mABVLAD U
BERTALE DZET Led oy sl
PERIDLICAL DEMT LIS U KANBAS
ACQUIBITIONGE DEWY LIBS U NEBRAR .
OHIO BT U LIS QIFT & EXCHANGY £V
DOCUMENTS DY X @ATTLE LIS Aran &t
FEVIODICALS HMECKHING FILFES SumDUE
DOCUMEMTS LI™ SYANFORE o LIS
Lilen U TERAS
Lie wck OF BuTInEse

tRLINOIS

w
U Ltes

uHrymACLUNE U

U LEE v MmN
T LIMS ST U IOwa
D M wmiLL LIR NC ST CCLL RALFIOM

DI® LiSB COLL LICENAL AATS GOSTON U
BERIALE DIV LIBE U siICH

LIBN BROWN U LIW

COLUMBIA U LIBE DNCUMENTE ACQUIBITIONS
DIR 4% U LIBS NAFRMVILLE

MARY MEED LIV U DENMVEN

DIM U LIG G160 WASHINGTON U

CHF ExCHANGE & OIFT DIV LIE CONORES
DOCUMENTE L Im .
orc nim

MARGAPK Y
SOUTHENN

3 LI0 EENMTUCWY

Tt U ATTN LION BSErjaLs DEPTY




a2 i

ZOHY981-Pp ¥ Oonuo) 2

mworrd meidooriey
soude] sumwoped Wit { "\

TIIWYIONN

- A vt e b e dan— o o]

TOMV-431-41 ¥Q onwo) g
#1014 mpdoariey
—amwey awmscpied wbng

QILSTSYIONN

‘yonBADAe JO
P ¥ Jo ") 1} uUAdd e PUcos ul OISO _
WOOIEDD FUD HQdd 4L §O 8 ey vT $3015d oeyD 209 WmaLox] Pou B “
BOpAIOUT WeIEAS Mol ey} ‘IR0 HGI Y O3 UOTEPO UL "18nd W Ut pewn
PORISH Sy} WD} STECUBOTP PUD S[QOTIS 840 1 8 O} [HINC) WDM UOTIONMNA® O _
Weisde Hadd ML “INOIY 10N eyl BuIMp SMOERIOINE JO JUBUSRLCO YIDE
10 SUCTIDAINOGO Ty P2IOES UDS J0[1 TORYD @ 1 YOTYM WO ‘DuTUIDS seidaoiIey _
Ammisd up weA® mimansuoa TN eyl .0f SS[OO8 JO IRINVOI—~UQdd

PECUDARY o) PUD ( L Q Bed 01d) HGd #vipsuseiag _
50 ponim) -~ ® som yira T »pu
TPOR pIopie © J0 s1eoq M WO BuTuTon dOOTey ABWTal U7 eounaog
~tad senidjo-pus ,mpoq1d 1oq T ~p

wom poiew y “
Modey petIesOTSU 100 05 §6 1O Iad VG (Z-DMY-891-#¥ YA I1ansu0s)
2101 - onqyr - dd 9 "T961 Aow ‘cs iodey roorwpaL |
ey ‘maony
104 I Pmese) Wownl TolSlAy AUy SN PIeSH ] Awmnp jdon
PO qiag "Q sukey 'sf “seesr) ' sBaeD—ONINIVHL 1ONd MILJAOO _ L-OHY-401-4¥ VQ 300005 -7
.Ju:;sz_zo_::.._;u»uzu_ur-ocntguuz_s.osux.

®1011d swsdootiey
‘o'q - _ ~eme prod o114 1
‘Airssmatun WoITYEDy $BI0SH 1 ‘SOTHD 'PIDSSEY SEOMOBHY DMK —
‘oN v av LN ASeYIONN

“UOTIN(DAS Jo
» l.l.-.._.naul.!ll...ou.r-l.
WOOMER0 PUB WL BRI 1O SN eyi WY Sid Yoy g Weslasd Bureres B
SEPRIN MEAS Ml i) (IO HOAR WK S ) BE USTIPES W 2end etp Wt pean —
PRGN G} S} SISOUEOTP PUS SIITI[S) GatW S O} PUNS EPM 1H91ISNIDAS I
WOINAN YO SUL BT [ONIoE ey butmnp sounusopied JO JUUOtIED YIRS —
-agilzg!!‘:az!e.ﬂisiliunii
A>apd wp usar® swareaves 1EOIID o3 M) *DIW O )STENOI—NGdd

FeOumApY o4i pum (paoey ] 4 wi1d) WAdd d _
) paunser -y % sow e oas epu
ﬂ-&vgol!!’-ggcg.-‘:liil-i —
~ed sesqajopus ,epw(1d (L] [Oae s0f

P wem poapew y
Modey pOTIPEOIONN 100 05 S6 (O fodd YA (Z-OHV-9819Y ¥Q Mmawos) _
SoTgms - eniTI - 9¢ "Teg1 Legy ‘il Modey [rotapel _
(‘oty “memy
104 "IN} WIoeaey UWWNH WollAY Awsy ‘S'0)) Prerwl| -] Awe; by _
FID ‘i °q eukoy “af ‘mesn) ‘Q eBieD—ONINIVLE LOTId ¥ILHOD | touves-r yamaws) 2
TI3H ANGY NI NOLLVNTIYAT ADNIIDIIONd LHM14 DN/ OHSNG
221 A
Aissearay uoiburyesy, ebioen ey ‘BOTHO GIEDESS)) S4IMONeY Wowry(
on v avy

1 mwdodtiey
—~s1ee wengy -y

QIAIWYIONN

et - e G . S S S Gm—— —— —— —r- ——— w—— a— —— a— a—- — —

“USHION[DAS JO

P " gy 0] 8, 40dd ®H Bunocos ur esndod
WOOMEOIY PUD H(Idd #4i JO @SN 83 UT MIOfIC JPwYD 30) warrbosd BurIDg B
EIPRISUT WHINAS MOU YL *18]1300Q HA. I BYI O UOTHPPO W] -180d Bl 1y poen
POpau 84} UDY) STIEOUDOIP PUD S[qDT{e) SICW #Q O} PUNO; WDM UCFIDN[DAS JO
wesis Hlcid *4L "LUBTH 10Nio0 ey) BUTMp sduDloled J3 Jusuodnod Yove
O SUCTIDAMETO 1Y PIOISI ULD 10]1S XD 2 SY) YOTYM uo *BUIUTDL; MI00DTIeY
Arouwiiad Ul USAd EsAneuDW (OONNID Y 0] ss(DO® jo isTEUCO—HGdd
PIUDARY Y1 pun (HID8Y UCTIAIIOeR] SIUDITICINI 011Q) HCkid #I10TPeuLMu]
) pete) oy qo SXoW Yitm pu
3OO PIOPUDIE © JO BIEDQ Oy} UC BUTUIDN 91dOITIeY AIDuriad Up eSudHIOY
~50d scoNO-jO-pUs E0]1d q b I F . P SDm poyjew y

uadey) pajiesoi>un {00 05 $8 [0 INMd YG (Z-OHV-881-4% vQ 90au0D)
]q0, - wn|11- 40 95 ‘Z9s! Aoy " Modey [DoTRpel

(oY "maony

g Nk, PRsesY UPemE UODIAY AGUY SN PremIEH Y Aumrip aden
PUD QIS () sulom i ‘s () SBIoeH—CNINIVHL LOTd HILDOD
“FI3H ANHY NI NOLLYNTIVAT ADNIIOIIDHd IHOIMGd DNIAOHIM
O'Q "vobutymny

‘Ausasariy uoiburyscy ebicen syl ‘SON) YdIMeseY Seomossy uowny
‘oN v ay

llllllllllllll
“HIRUNTAS jo
" [ w84 %,y S Butsooe wi eanisos
WOBER|D PUR YGd ML )9 SRR et T SIS YD My waibapd BUTHIOR B
SOPNIUT CINI0AE mat sy} 401 J00Y 1A SNI O3 ULTITPRS ] “10Dd SU1 WT peen
POLINE M} UDYY SNRSUBETT PUD BIAIS) SI0W 8q 0 PTNOS BOM TOTIONIDAS JO
wme1048 UId PUL “TIDI 1PNI00 ey Buranp eouwruaojsed Jo ueundiod yooe
1O NUIIDAINEQE SN PIOOSI UBD INTd RIEYS BY YOTHM B3 ‘Burnay Iedeo|fey
AJowmpsd Ul GeArd SisAnSUD [0ONISS Y1 IO} BOTEOR 3O JETEUOS—YCdd
PEOUBAPY BL) PUR (PIOBY UOTIAII80G SMERLISIIS 4 VOTLH) HTkid IDTpYmIRIu]
o4 panase -~y Q> 810W Yitm pelSADAs spr.
TP PIDPUDIS B JO S1PDG By} UO BETUTOR MACOTIN . DIl U3 DL s0p
<sed suvrid-jopue ,81011d syooriey M TON[CAS 08 PORIASD SO POIeW Yy

Modey; PeYTEEDIINN 100 05 §6 O 044 YO (Z-OUYI0I4Y v 1904w00)
soqRA - enint - dd 3¢ ‘2961 AN (4 Modey TOTWDAY,

(oiy ‘myony
Moy “atun woumpy Vv dwry g JeH ] Awng o)
P ‘ynwg q eulby Ciif 'ieen (q SBIED—ONINIVHL LONA d3LdOD
‘3K ANHY NI NOLLYNTIYAZT ADNIIDIIOHD AHOIY ONIAOHING

L "uoduTyen
‘Aitmasann woiburywey, ebicec ey s YOURY SEOMOBe] UDMWN}
‘oN ¥ av

T et e e o — — — — —— vor— — — — o v——



