General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



" et

NASA CR-143836 /|

A PILOT RATING SCALE FOR VORTEX HAZARD EVALUATION

Roger H. Hoh

Systems Technology, Inc.
Hawthorne, California 90250

e

© June 1975 - \
" (NASA-CR~143836) A PILOT RATING SCALE FOR Ty N75-28695 "
| YORTEX HAZARD EVALUBTION (Systenms f

| Technology, Inc.) 33 p HC $3.75 CSCE. 01A

Unclas
63703 24223

93037,
ﬁ“&i’@zﬁ*“"f
% JuN 1075 o

RECEIVED /
NASA STI FACILITY
INPUT BRANCH

Prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Flight Research Canter
-Edwards, Calif. 93523

¢




s e

e o Qe e el T TR T ey e o T e e BT e HET e T T R e e

7

1. Report No, 2. Government Accession No,

NASA CR-143836 o

3. Recipient’s Caralog No,

4. Titla and Subrtitle

A PILOT RATING SCALE FOR VO'R'.‘TEX HAZARD EVALUATION

5. Report Date
June 1975

6, Performing frganization Cade
H-894

7, Authorls) )

Roger H, Hoh , N

8. Performing Organization Report No,
TR-1025-4/1 '

9, Performing Organization Name and Address "

Systems Technology, Inc. ‘ W
13766 So, Hawthorne Blvd.
Huwthorne, California 80250 %

10, Wnrpk Unit No.

i

11, Contract or Grant No,
NAS 4-1852

12, Spasoring Agecey Nime and Address . Ry
A

' National Aeronsutics and Space Administration
Washington, D, C, 20546

13, Tyet of Report snd Pariod Coversd
Contractor Raport - Toplcal

14, Sponsoring Agency Code

16, Supplementsry Notes

N@_SA"rechnical Monitor; Herman A. Rediess, NASA Flight Research Center

16, Abstract

A pilot rating scale is developed for subjective asseasment
of hazard resulting from wake vortex encounter upsets, The
development of the rating scale {8 based on a survey of 48 pilots
regarding the semantic properties of various phrasesand a -~
choice of formats for the rating scale. The rating ecale can be
used to define a hazard/non-hazard boundary 2s well as to

determine a measure of the hazard,

i

17. Key Words (Suggested by Authori{s))

Pilot rating scale
Wake vortex

18, Distribution Statement

Unelassified - Unlimited

19. Sscurity Classif, {of this report)
Unclassified

20. Security Classif. {of this pege)
Unclassified

21. No. of Pages 22, Price*

33

bt

*For sale by the National Technical Information Service, Springfield, Virginla 22151

. ; F
o & e 4 o e A P 0 P38 T AR i e A S s st bl e e




INTRODUCTION . .

BASIC CONSIDERATIONS
Adjectival Scales
Scaling Concepts

- Pilet Survey.

»

TABLE QF CONTENTS

»

SELECTION AND VALIDATION OF FINAL

Scale Format,

.

Selection of Phrases .
Endpoints on the Scales .

Nonadjectival Hazard Scale

Validation .

QUESTIONNAIRES .

CONCLUSION,
APPENDIX A,
APPENDIX B.

REFERENCES,

VORTEX HAZARD RATING SCALE

-

*

e

-

SCALE

RESULTS OF THE SURVEY.

iii

(] . ] (] + L] L]
. . * L) . . .
* L) . - L3 . .
L L L ] L . Ll
. L . . L] * L]
[ ] . [ ] . L]
» ] L] (] . . L]
] [} a [ . . .
. . ] ] . ] L]
L] [ ] - [ L] . L]
L] ] . » [ [ *
L] L] . L] . - [ ]
. ] L] [] . » [}

SURVEY QEESTIGNNAIRE .

I



LIST OF FIGURES

Comparison of adjectivel end non-adjectival intervel
r&ting SCB.lES L] * . . * ] - . L] L] . L] L] * » L] L]

An interval riting scale with adjectival reference
P olnt B [ ] . . - - L] L] » L] . L L 2 - L] L] [ ] - -

Cooper-Harper hendling qualities rating scale (Ref, 5) . . .

Minimuﬁiécceptable boundariec derived from multiple
scale rating system. . . .+ .+ .+ 4 4 e s e a4 s

Vortex hazard rating scale . . , .+ .+ + « o+ « o .
Comparison of research pilots with total populatmon e s e e

PllO‘b background . . ] . . . . . . . [] L] . . .

Questionnaire after each run (Verbel response from
Subj ec‘t ) * . - L] ._\ ‘ [ L] 3 - - - [ ] [ ] - L] L - -

Exemple of a multiple scale rating system for evaluation
of vortex encounter hazard . . . .+ .+ + + + &+ + . e

Eﬁample of & decision tree scale . . + .+ + .+ .« . . .
Aireraft control. .« . v 4 4 . e e e e e e e e
Demands on pilot, . . .+ o + & v v 4o a4 s e e e
Aircraft eXcursions. . . . . . 4 . e 4 . . . . .
Chances for succeésful TECOVEXY. o o s« o s & o &+ & &

Subjective opinion .

12
15
16

17

2>
26
29
30
31
31
32



ﬁoger H. Hoh N

Systems Technology, Inc.

|
E
|
|
{ !
| " A PILOT RATING SCALE FOR VORTEX HAZARD EVALUATION
|
|
|
| SUMMARY !
i

, A pilot rating scale for quantification of the hiszard associated with }
e weke vortex encounter was develiped. In addition to the rating Bca.’l.e‘:i--.
: this report presents the background and ralilonale utilized in the develop- ;
ment of the scale, 'This rating scale can be used not only to determine a I
messure of hazard, ‘out also to provide a means for defining a boundary "
{ between hazardous and nonhazardous situations. i

The phrases. selected for use in the rating scale, as well as the structure
‘of the rating scale, were based on the results of a survey of 48 pilots. The
survey included material on the semantic properties of certain word combina-
tions in addition to a choice of Termat (or structure) for a rating scale. i

‘ - INTRODUCTION | !

; " i The need for a new rating scale for vortex upsets stems from two facts,

; Flrsﬁ exigting handling. quality rating scales have very poor selnct;wity

*g . r.!.é; the low or unacceptable end. Second, typical vortex enccnm‘t:e:cxl would

{ tend o be rated nem:= the low end of existing handling quality rating scales.
: Therefore, it seemed unwise %o attempt to use these existing scales or even

; ~ to try to modify them to fit our purpose. Instead, the approach taken wes

; \ ' %o define an entirely new rabing scale. As a result of a survey of 48

\ ;  pilots, a set of calibrated phrases wes obtained in eddition to an over-
whelmmg preference for the structur'é -(or format) of the scale. In this

survey ‘39 phrases and two example rating scaele structures were presented.

The two structures were a decision tree scale (akin to the C‘ooper Harper

scale) and a mul'bmple scale rating system, The survey subjects were asked
to rate the various phra.ses and to state their preference of structure,

They were also encouraged to make any comments they considered pertinent.

i
] a
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BASIC CONSIDERATIONS

Qualitative measurements made by human observers are basically estimates
which arise from subjective judgment. These estimates are said to lie along
a psychological continuum. There are several degrees of sophlstication of
psychophysical scales (for example, see Ref. 1). A brief desecription of the
foq; basic levels of psychophysical scales is given below. )

_ ® Nominal — This is the lowest level of scale. Its
function iz usually to identify certain objects

such as numbering of football players or assignment
of type or model numbers to classes of objects.

® Ordinal — Ordinal scales serve to group cbjects as
greater then or less than in terms of some represen-
tative meaSure.

® Interval — Interval scales are simply ordinal scales
which are linear. That 18, the distance between points
on the scale consist of equal intervals.

9 Ratio — A ratio scale allows the determination.of the
- ‘equality of ratios. Absolute tempereture is an example
of d ratio scale. Such a scale implies ithat an absolute
sero exists.

- The primary objective in the present work is to derive a rating scale
that will allow certain mathematical operations to be performed on the pilot
rating de%a. In particular, we would like to average the pilot rating data
over seversl pilots as a measure of the overall hazard caused by the wake
vortex upset. This implies that the scale must be linear, and from the above
definitions it must therefore be interval as a minimum. The scale may or may
not be adjectival, that is, we may pick a gcale which is simply interval with-
out words or phrases associated with each of.the numbers indicated along the
scale. OSuch scales are termed non-ad;ectival and have been shown toﬂbe quite
successful espegially for non-experienced rafers {see Ref. 3). A comparison
of adjectival and non-adjectival scales for vake vortex upset hazard is ghown
in Fig. 1. The main problem with a non-adjectival scale is that physical
interpretation of the resuiting ratings is almost completely lacking. The

adjectival scale in Fig. 1 is one step shove & non-adéedtival scele in that

o e et g T . L i
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Figure 1. Comparison of_adjectival and non-adjectival
interval rating scales.

at least the end points are labeled.- Physicael interpretation of the hazard
with this scale while somgwhat better than the non-adjectival scale is still
less than desirable. For example, it would be difficult to decide at?what
point oﬁfthis scale the pilot rating would represent an unacceptableﬁVortex

encounter. u

To summarize, the rating scale must be interval (or ratio) to allow
averaging of the pilot ratings, and must be adjectival to allow physicel
interpretation of the pilot rating in terms of wake vortex encounter hezard.

Adjectivel BScales

The formulation of an adjectival scale involves & basic tradeoff between
inereasing the number of word descriptors on the scale for physical interﬁﬁe-
tation, and maintaining linearity. The adjectives or phrases used to define

various levels of hazard on the rating scele must have certain basic properties.
" First, they must relate directly to the area of concern (in our case, the _

hazard erising from the wake vortex upset). This is a measure of the yalidity

of the adjective or phrase. Second, the adjéectives or phrases must be

z
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selective, that is they must be distinguishable by fhe-rater inmterms of

gsemantic differences in language. The standard deviation of the resulting
ability of a group of raters to distinguish semantic differences in the
phrases used on & given scele ghould be low, and should be approximetely
equal for ell phrases. If the adjectives or phrases are o represenf even
inerements on an interval scele, they must be distinguishable in equal
amounts from the case where there is no hazard to the extreme hazerd case.
It is shown in Ref. 2 that this is essentially impossible, with the primary -
ares of difficulty occurring at the low or unacceptable end of the scale
(which happens to be the region of primary interest). The basic problem
is that there is insufficient lenguage to probide e constent sensitivity
scele where the equel intervels are units related to noticeable semantie

.
[

differences.

- An attempt to quentify a large number of edjectives and phrases in terms
of their selectivity and sensitivity was made in Ref. 2, A technique called
the method of,successive.intervals wag used to modify the raw data so0 as to
achieve constant standard deviations (sensitivity) and constant intervals
(select/vity) for each ¢f the adjectives and ﬁhraées used in the study. One
resulttof that study is shown in Fig. 2. The edjectives shown on this scale
all exhibited a standard deviation of approximately one rating point (1&%‘
of full scele). With the exception of "bad," the adjectives fall on the

scale in arproximately equel intervals., Unlike the widely used Cooper-Harper'

handling quelity rating scale (see Fig. 3), the adjectives in Fig. 2 are not
assigned integer numerical ratings and instead are sllowed tg fall et the
sppropriate place along the scale. In this way, the rater has several
reference points slong the interval scale to relate the physical significance
of the ratings to the numerical.valués. Note that there seems to be no word
to satisfy a numerical rating iﬁ the region of 5. This scale represents a '
compromise between a purely adjectival and a purely interval scale.

The adjective "uncontrollable" in Fig. 2 does not fall on the interval

scale as it represents an ultimate value or endpoint which cannot be averaged

as & scale value. That is, "uncontrollable" couldfjust as easily be reted a
15 as an 8. It is therefore treated as a discrete rating (gpbject checks box)
to indicate that the ultimate in poor handling gqualities.has been achieved.
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} The pilot opinion rating for a given task is usually the result of the ﬁ
E i e - It
' consideration of several factors, [For exaaple, when evaluating handling ﬁ
5 » b S . EJ:‘
| qualities on the Cooper-Harper scale, the pilot must consider aireraft char- é
: acteristics, demands on the pilot, and adequacy for ‘selected task or required ﬁ
| operation. In deriving a rating scale for evaluating the hazard due to weke i
I
‘ vertex upsets we hdve considered two possible approaches. The first was i
!
f to use a "multiple scale rating system" whére the pilot is asked to separately y
[ Fid . rri
é rate each elemelit comprising the overall hazard. The second approech was i}
E to formulate & "decision tree" akin to that used in the Cooper-Harper scale i
; _ , .
| (see Fig. 3). ?
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#DEQUACY FOR SELECTED ‘!’A.ﬂ( Dﬂ ARCRAFT DEMANDS ON THE PILOT MLOT w
' AECUWMED OPERATION® CHARACTERISTICS N SELECTED TASK OR REGUIRED OPERATION™ RATING
Y Excellent Pilot compensation not a faclor {of
Highly desirable desired performance
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Good

Negligible deficiencies

Pilot compensation not a factor for
desired performance

Fair — Some mildly
unpleasant deficiencies

Minimal pilot compensation required for
desired performance

Minor but annoying
deficienciex

Desired performance requires moderate
pliot compensation

satisf acilg it without De\t\’:gi:ggies Moderately obiectionable Adequate performance requires -
impmvgn ent? improvement deficiencies considerable pilot compensation

Very objectionabte but
tolerable deficiencies

Adequate performance requires extensive
pilot compensation ‘

.

o A =
T v

/" Is adequate
performance

Deficiencies
require
improvement

Major deficiencies

Adeguate performance niot alta-nabte with
maximum tolerahle pilot compensation.
Controllability not in question

Major deficiencies

Considerable pilot compensation is required
for control

i I Major deficiencies

Intense pilot compensation is required to

n

£

retain control

i 5 b £, 3 ’ = * 4'2' i ‘]l :
e ;
WO ! Improvement | . Controt will be lost during some pomon of
' | Mandatory | ‘ Major deficiencies required operation
- " I- e ‘..‘; - N PR

# Delinition of required operation involves designation of light phase andfor
subphases with accompanying conditions.

Pilot decisions

Coopar-Harper  Ref. NASA TND-5153

Figure 3. Cooper-Harper handling qualities rating scale (Ref. 5).
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Multiple scale rating é}stem. — Each of the components of s multiple
scale rating system defines a separsate rating boundery. The sumetion

of these boundaries will define a composite boundary which accounts for
all the pertinent factors which combine to derine e hazard. This tech-
nique wes uged in recently completed automobile handling qualities experi-
meﬁts, Ref. 4. The boundaries had the general shape shown in Fig. U where
it is seen that different rating factors define the minimum acceptable
boundary for various velues of the evaluation parameter, With e decision
tree approach, the rater is forced to define these boundaries himself by
internally evaluaeting and weighting each of the pertinent factors which
make up the overall rating.

- Minimum Acceptable Boundary
- Based on Roting Scaie
Number 2

/- Minimum Acceptable Boundary
Batied on Roting Scale
Nujnber |

" et

Rating

Dark Line Indicates
Composite Boundary

i

. j
—— /i

Parameter

Figure 4%, Minimum acceptable boundaries derived
from multiple scale rating system.

Five tentative scales were initially proposed based on the assumption
that the components which define a hazard for wake vortex encounters are
as Tollows:

. Chances for successful recovery

Aireraft excursions

1
2
3. Subjective opinion
%, Demends on pilot

5

Aircraft control



Decision tree rating scale. — The decision tree rating scele is probably
best exempliﬂied by the well known Cooper-Harper handling qualities scale
shown in Fig. 3. Here the: rater 1s asked to make initiel yes/no decisions

which will lead him to one of four categories. Three of these categories
eontain edjectives end phrases which describe aireraft characteristics and
‘demends on the pilot. The rater must then decide which of these series of
atdjectives and phrases best describes the current situation. Thus, the
rater must make the basic tredeoffs between the verious factors which make
up the overall rating. For example, the pilot may feel that deflciencles
for & particular airpiare "require improvement,” but that the eircraft
characteristics may be described as 'very objectionable but tolerable.”

He is then forced to decide whether to give the airplane a 6 based on the
_latter or a 7 based on the former characterization. Another problem with
‘this type of scale 1s that the larger number of adjectives and phrases
vhich go into making up the final rating reduce the probability of obtain-
ing a linear scale. However, because of the considefable success enjoyed
by the Coéper-Harper handling qualities rating scale, it is felt that we
should at leest consider the possibility of using a declsion tree type

scale fqr the evaluation of wake vortex hazard.

Pllot Survey

Adjectives and phrases were formulated to indicete various levels of
hazard in terms of each of the categories discussed in the following section.
The seleectivity and sensitivity of the adjectives and phrases were evaluated
by a survey of 48 pilots who were asked to locete each phrase on & non-
adjectival scsle of increasing hazard. (See Appendix A.) Since the basic
purpose of this evaluation was to determine the semantic properties of each
phrage independently, the phrases were placed in random order. A provision
was also made to allow the subjects to grade the suitability of ecch phrase

~on a scale from A to F. Finally, examples of a decision tree sceale and a
multiple rating scale system were presented using identical sample phrases
and adjectives.. The subjects were asked to state their preferance.

An exsmple of the survey questionndireVis given in Appendix A. The
results are discussed in the following sectfbn of this report.

8
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SELECTION AND VALIDATION OF FIWAL SCALE

The results of the questionnasire in Appendix A are given in Appendix B
where the tests phrases are listed under the following categories,

e Chances for Successful Recovery
e Aireraft Excursions

[ Subjective Opinion

®  Demands on Pilot

® Adreraft Contr(i

Each of the phrases included in the questionneire (Appendix A) were evaluated
on_a;*¥;nint non-adjectivel scale of increasing hazard. The means and standard
ﬁf”!%&ions were calculated to determine the selectivity of each phrase.

in addition, the average letter grades were computed to obtain an estimate

of the acceptability of each phrase to the pilots as a group (see Appendix B),
Thoge phrases which had means falling at approximately equal intervals and
which exhibited the lowest standard deviations were selected for use on the
rating scales. Where two or more phrqses were approximately equal, fhe

best letter grade was the determining factor.

The above "rules" were tempered with a certain amount of Judgement in
order to provide consistency on a given scele. For example, on the "aircraft
excursions” scale, the word excursions appears in the celected phrases for
ratings near 4 and 5 (see Fig. 5). Therefore, phrase nwnber 1 in Fig. B-3
(negligible excursion) was picked over phrase number 2 (similar to light
turbulence) even though number 2 had a slightly better average letter gfade
(B~ compared to C+). Likewise, two phrases in the "demands on the pilot"
category were shortened in order to empha51ze the key adjectives (low,
moderate, and extreme) describing the pilot effort.

One phrage was given twice in the questionnaire as a brief check on the
validity of “he results (phrases 34 and 52 in Appendix A), The results are
given in Fig. B-2.where it is seen that "airceraft control required moderate

AR
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pilot effort” received identical average velues (3.0) and letter grades

(C+) and reasonsbly cloge values of standard deviation (0.51 compared to
0.68). : |

Scale Format

‘The multiple scale rating system format was selected over the decision
treé approach for the following reasons,

® 37 cut of 47 pilots (one offered no preference) favored
the multiple scalé rating system format. (See Appendix A
for sceles presented/.'or comparison.)

@ Written commentary from pilot respondents indicated that
most subjects felt that the multiple scele system was
lesa confusing to use and would yield resulis thet-could

e - ~———hi@—MoOTrE "eBE L1y i interpreted.

® Written commentary from several pilot suhjects indicated
dissatisfaction with the decision tree s.ale becguse the
single rating obtained with: this scale aisumes that

the pilot agrees with all the items Lleading 4o any
final branch,
Of the ten wmilots who selected the decision tree scale on the guestionnaire
{Appendix A), at least two felt that their choice was at least partly due to
a bias based on extensive use of the Cooper-Harper scale (Fig. 3). It is
expacted that acceptance of the multiple scale rabing system by research
pilots vili’generally be a matter of overcoming the bias.

Selection of Phraces

The cabegory '"chances for successful recovery' was found to be unacceptable
for use on a vortex hazard rating scale, As shown in Appendix B, none of
these phrases yielded an average rating less than 2.75. This would indicate

that if-recovery is even a quéétion, the hazard Tével is congidered to be

- quite high, Finally, the variability for these phrases was large compared

to phrases in other categories. g
The category "Subjective Opinionﬁﬁwas rejected becausé of very poor pilot
scceptance (indicated by an average_letter grade of D+). Many of the phrases

in this category exhibited rather large variabllity esmong pilots.

10



) "Aireraft Control" was a fairly good category yielding several phrases
with low variability {¢ < 0.6) and well separated means. The final rating
scale is shown in Fig. 5 where the "Aircraft Control" ¢olumn utilizes phrases
2, 9, 15, and -£5 (from Appendix A). These phrases yielded an average standard
deviation* of 0.51 and an average letter grade of B,

The second category utilized in the finel rating scale was "Demands on
the Pilot." The Fig. 5 phrases (numbers 32, 3%, and 51) ylelded an sverage
standard deviation of 0.47 and an average letter grade of C+. Only three
phrases in this category (out of 13) had meens end standerd deviations
sultable for use on'%he final scale, chevef, since the purpose of the

. phrases is simply fto proevide—enchor polints o the interval scale, three is

felt to be an adequate fminimum) number.

The category "Aircraft Excursions" utilizes phrases 25, 24, 4B, and 56
resulting in an average standard deviation of 0.45 and an average letter
grade of C+. Unfortunately, the phrases tend to have means thalt are somewhat
unequally spaced., However, it is felt that having phrases with low seﬁantic
variability among pilots (low o) was more important than equsl spacing of

the phrases on the scale.

Endpoints on the Scales -

None of the phrases had means which fell at the extreme ends of*tha five
point hazard scale in fippendix A, Considering that phrases such as "orash
inevitable..." and "uncontrollable" were included, it was surprising thet
many pilot subjects did not feel that the "ultimate hazard" was defined.
Likewise, such terms as "airecraft control was not a factor" and "negligible
excursions" did not fall at the extreme low end of the five point hazerd
scale, These results are consistent with previous surveys (Ref. 2) and
verify the subjective, comparative nature of rating scales (they:have 1o
agsociated absclute values). We have allowed for this in the final rating

*Averajte standerd deviction is defined as

: \:‘. da.vg - (%_202)1/2
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scale (Fig. 5) by extending the scale below 1 snd above 5., Thus, the rater
can indicate that the appropriate rating does not fall in the range of 1
to 5 {shown by putting his mark at less than 1 or greater than 5).

Nonadjectival Hazard Scale

The phrases which comprise the adjectival rating scales in Fig. D are
located along the scales according to their semantic value (mean) in terms
of hazard. As with all pilot rating scales, the furpose of these phrases
is to attach some physical significance to the scele velues. A final scale
which is nonadjectival (no phrases) has lLeen édded to provide a direct

—-measure of the pilot's opinion of the hazard., This non-adjectival scale
is identical to the scale used to evaluate the phrases in the survey. It
allows correlation of the first three categories (adjectival scales )} with
the overell hazerd without introducing sdditional sementic properties.

Experiments Witg'non-adjeotival scales (Ref: 3) have shovm good sensitivity
in disceraning chanéé% in the characteristics of systems that are very difficult
to control, e.g., an unstable element, It therefore seems very appropriate
to apply such & scale to wake vortex encounters where control is frequently
marginal, : h

Validation

Validation of the vortex hazard rating scale can be obtained only through
its useé in research programs where actual vortex encounters are experienced
and rated. The success or failure of any rating scale is its ability to
produce consistent ratings within and across pilots. A logical measure of
scale validity might therefore be the stendard deviation of ratings across

pilots for a given vortex encounter situation.

Another measure of validity is a comparison of the semantic meaning of
the phrases utilized in the final scale between research pilots (who will
be using the scale) and the entire pilot population., It is, of coursé,
desirable that the phrases used have the same mean values (same coordinates
on the hazard scale), similar (low)“variability, o, and reasonably good

- pilot acceptance (letter grades) across both pilot groups. A comparison

15




of the means, standard deviations, and letter grad;s for the survey resulis
from just research pilots (9) with the results of all the tested pilots (38)"
ie given in Fig, 6, The mean values are seen to be in good agreement indi-
cabing bthat the phrases used have the same hazard value for resgarch pllots
(users of the scale) and the tobtal pilot group. Similarly, the atandard
deviations and letbter grades are in very close agreement for the two pilet
grouwps. A breakdown of the background of the pilots who responded to the
questionnaire is given in Appendix B,

QUESTIONNATRES

As disoussed under Basic Conslderations, questionnaires will be used to
avgment the rating data obteined. This will cover such things as pilot
background, experience, and the subject's personal interpretation of the
severity of the vortex encounter. The proposed questionnaire covering pilot
backgiOund and experience is shown in Fig., 7. A tentative questionnaire to
sbimilate piiot commenbary required to supplement the rating data is given
in Fig. 8. It is intended to aid the experimenter in prompting pilot dis-
cussion after each vortex encounter run; and it mey be altered as a result
of such direct experience.

)
:‘;
;!

CONCLUSION

A rating scale has been develcped to allow evaluation of the hazard
associated with wake vortex encounters, The format used involves four
separate ratings, each defining the hazard associsted with a specific
category. Three of the categories involve intervel, adjectival scales,
whereas the fourth scale is a non-adjectival measure of hazard. The
adjgctives and phrases selected for the scale were based on a survey designed
to determine the meening and variebility in meaning of descriptive phrases

across a group of pllots.

ﬁiﬁesults from 10 of the respondents were not included in the statistical -
manipulations because of late arrival or misunderstood instructions.

14
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Name

Occupation
Totail Hours (Approximately)

License and Ratings

o

Date

Age

Type Equipment Flown:

Military fighter
Heavy aircraft
Light twins
Light éingles

Research simulator

i

Heve you evar had d‘wake vortex encounter? If su, briefly deseribe.

Figure 7.

Pilot background.
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L 7

e Briefly"describe the vortex encounter.

LA

2. Did you consider the run hazardous?

3. Wiuld you have continued on normal flight path or aborted (e.g., dis-
dbntipue to climb or institute go-around) if this encounter occurred
in £1ight? |

L. 1If the upset was deemed as hazardous, was the primary hazard:
a) Ground impact? s |
b) Structural failure due to vortex?
¢) Structural feilure due to recovefﬁ attempt?

Figure 8. Questionnaire after each run.
(Verbal response from subject.)
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APPENDIX A

VORTEX HAZARD RATING SCALE SURVEY QUESTIONNAIRE

INSTRUCTIONS

The purpose of this questionnaire is to evaluate the meanings of various
words and phrases which could be used to describe the hazard associated with
a wake vortex encounter. The words and phrases are presented in random order
on the next few pages. Alongside emch word or phrase is a horizontal scale.
We want you t~ place an X on the scale in a position that represents your
impression of the hazard as defined by that particuler phrase. )

We are also interested in your overall impreséion of how useful each
phrase might be if included in a rating scale. In other words, we want to
know which phrases you think ought to be included in a rating scele. There-

fore, please give each phrase a grade (in the space provided beside the
horizontal scale) using the usual A through F system. That is, an A would
-imply that ihe phrase would be an excellent one to include in a rating scale,
and an F would indicate that you feel the phrase is totally inappropriate for-
use on a vortex hazard rating scale. If you have any comments you would 1ike
to make, please feel free to mark up the page with whatever comes to mind.

18



1.

Was disoriented — high probability of
incorrect control application.

Controllsble with somewhat inadequate
precision.

.

S8imilar to moderate turbulence.

Barely controllable.

Considerable cause for alarﬁ,

Easy to apply correst contrels.

-,

Requived considersble pilot eifei’;
improper use of flight controls
possible.

Significant loss of control resulting
in high probability of aborting task.

Uncontrollable.

Required moderate control to regulate
against disturbance. ”

Disturbance resulted in momentary
disorientation.

Was concerned about safety of flight
during some portion of the encounter.

+ L3 .

Increasing Hazard Grade
———
L | | ]
2 3 "4 S

L1 ! t ]
2 3 4 5
| i 1 ).
2 3 4 8§
L i 3 ]
2 3 4 5

—_ 1 ' ]
2 3 4 5
1 1 i )
2 3 4 8
IV B | ﬁ 1
2 3 4/ 8
1 1 1 ]
2 3 4 5
1 1 1.4
2 3 4 -]
1 1 I ]
2 3 4 5
A !
2 3 4 S
1 11 )
2 3 4 5

ig



Increasing Hazord Grade

13. Adircraft excursions were large enough . \ { s |
to cause concern for safety. h 2 3 4 8
!t.“
[ih. Berious ioss of control. o t 1 L ]
[

i5. Marginally controllable. L 1

16. Required considersble pilot effort. Flight
control usage for recovery straightforward. |

-
b
-

17. Control was completely lost — feared for

[} [ i 1 3
my life. I 2 3 4 8 \
13. On the verge of losing control. t I 1 1 1
| 3 4 ]
19. Considered it a "close call." t 1 ! { j
: ; i;,\ I 2 3 4 5
)
ff
20. Brisf period of loss of control. Little Ly \ . \
effect on-flight progress. N 3 4 5
21. High probability of a crash due to large
excursions. o L ! L 4 :
| 2 3 4 5
22, Extensive logs of control. L 1 1 1 |
1 2 3 4 5 - oy
2%, Negligible excursions. 1 1 1 i

24, Crash inevitable due to large axcursions, 1 | |

-
=
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23,

26!

27.

28‘

29.

30.

N

35,

3h.

35

36.

1L

Alreraft control was not a factor.

Digturbence easily corrected with
minimum control.

No effect on safety

Jery difficult to control.

Completely demanding of pilot attention;
skill, or effort.

Similar to light turbulence,

Required nearly full control to regulate
egainst disturbance.

Required low pilot effort.

Feared for my life.

‘Aircraft control required moderate

pilot effort.

Mementarily lost contrel — some concern
for safety.

Aircraft lost.,

i
0
Increasing Hozord Grade
e —
L 1 | 1 ]
| 2 3 4 5
| S | 1 1 J
I 2 3 4 -]
—l | L] ]
| 2 3 4 -
| t i i J
2 3 4 5
i 1 1 g ]
| 2 - 4 ]
L 1 1 1 J
i 2 3 e 5
| { 1 1
2 3 4 8
1 f ' 3
) 2 3 4 L]
L. } 1 1 J
| 2 3 4 -
[ ] 1 1 J
2 3 4 5
L. 1 1 “ | J
| 2 31 4 3
L 1 i 1 J
I 2 3 4 S5
21
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Increosing Hozard . Grade
et e e f\( v

%7. Complete loss of control — high

; | 1 | | I |
probability of a crash. | 2 3 4 . &
J |
f . ljl

38. HNearly uncontrollable. L ] 1 [T

- E - - ”

i %9: Poor chance for successful recovery ' 1
" from upset. ll—- 'z t3 ;f.a _15
y
40, Very demanding of pilot attentiom, . L \ |
gkill, or effort. 1 2 3 4 )
k1., Lost control for a significaﬁt pericd of N ) | .
time — cause for alarma, 1 2 ) 4 5
ho, Extreme excursions; definitely an unsafe v i g
condition. 1 2 3 4 5
f 4%, Good chance for successful recovery from L \ L
i upsat. ) | 2 3 4 5
L. TFelt I wag in trouble. ‘ -4 | I | )
3 2 4 5
: k5. Extreme concern for safety. ) Lot 1 i 4

: - L6, .‘Recmfery impossible. L 1

1 L

. - - I 2-3 4 &
47. Excellent chance for successful recivery | . T
from upset. [ i 2 3 4 5

; 48. Extreme excursions; not poss{fble to L ' { F
i meintein desired flight pu.tu’;. ; N 2 3 4 5

Y
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5a.

3.

v 5k,

56.

57.

58.

°9.

1

Demanding of pllot attention, skill,
or effort.

Compleﬁe loss of control.

Required extreme pilot erféft; proper
control usnge difficult and confusing.

Alrcraft control required moderate pilot
effort, .

Slightly more smevere disturtance would
cause concern for safvby.

A precariocus situation.

Largely undemanding of pilot, reloxed.

Noticeable interference with desired
flight path.

Incident not worthy of mention.

Felt I was in serious trouble.

Falr chance for successful. recovery
from upaet.

Increosing Hozard Grade
—_— .
1 11 )

2 I3 4 5
1 J 1 ]
2 3 4 -]
L] L 1 i |
2 3 4 3
(] [ 1 ]
2 3 4 -
i i | SR |
2. 3 4 8
1 i L ‘ i
2 3 4 5
1 1 1 i |
2 3 4 5
1 | SR | ]
2 3 4 5
1 1 i J
2 3 4 5
) 1 ] i |
2 3 4 5
] 1 1 J
2 3 4 3
2]



One final. item. The following two peges of this questicnnaire show
examples of two possible types of rating scales. The first type is called
8 "multiple scale rating system”" because it allows the pilot to rate
several aspects of the situation seperately; and the second type is called
8 "decision tree scale" (for obvious reasons). We would like you to com-
pare these two types of sceles, and indicate which you prefer (and giﬁe
reaséns if you desire). Bear in mind that the particular phrases shown
in these example scales are not important, as they will be revised based
on this questionnaire. What we really went is to get your opinion regard-

ing the basgic structure ---- decision tree vs. multiple scele rating systems.

RATING SCALE PREFERENCE

My preference for a rating scale structure is:

Multiple Scale Rating System (Figure 1) . . . . . ]
Decision Tree Scale (Figure 2). . . . . . . ]

Comments:

E\
ol " . !
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Chances for Success-
ful Recovery Were

Aireraft Control

My Feeling Regarding
the Vortex Encounter

Alrcraft
Excursions Were

'l ——
— Excellent
2._
— Good
\ ] ol
- Falr
- Poor
b -
~— Rearly
Impossible

5% Impossible

L

Wes not a factor

Required moderate pilot
effort

Was momentarily lost;
some concern for safety

Was lost for a signifi-
cant pericd of time;
cause for alarm

Was’completely lost; -
feared for my life

= Not worthy of mention

Was probably uncomfort-
gble for passengers;

2|~ no danger

Some concern for safety

Felt I was in serious
trouble

1

Extreme concern for
safety

5L Feared for my life

1~ Neglligible

Similar to light

turbulence

2 _—
Similar to moderate
turbulence

3

Apprecieble interference
vith desired flight path

Large enough to cause
l; |- concern for safety

R Extreme; definitely an

unsafe conditlon

5 I— Crash in~sitable

_Figure A-1. Example of a multiple scale rating system for evaluation of vortex ancounter hazaerd.
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CHAKCE FOR

Y

SUCCESSFUL LTHRCRAFT PILOT
RECOVERY CONTROL EXCURSIONS RATING
Excellent Not a factor Not a factor (::)
Good. _ .Required moderate Similar to moderate
0ilot efford turbulence
Fair Momentarily lost Large (::)
" Some concern yes ‘ gy
for safety :
Lost for significant
Foor period of time Very large (::)
u“Extremely
concerned Impossible Completely lost Extreme (::)

for safety

Pilot
decisions

Figure &-2.

Example of a decision tree scale.
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AFPENDIX B,
RESULTS OF THE SURVEY

P

The results of the Appendix A survey are presented in Figs. B-1 through
B-L. A total of 48 pilots filled out the guestiomnaires of which 38 were
used to compute meens, standard deviations, snd an average letter grade for
each phrase. Some questionnalres could not be used for date analysis ei%her
because they arrived too late to be included in the calculations or because
the subject missaderstocd the instructions. All of the questionnaires were
utilized to decide on the scale format (decision tree vs. multiple scale
rating system). A summary of the background of the pilot population
responding to the questionnaire was o

— 9 research ﬁilots
— 5 airline pilots
— 17 FAA pilots
— 2 military pilots
-~ 12 nonprofessional pilots (all with engineering degrees)
— 3 flight instructors
The rating scale format question received the following replies
— 37 favoréd the multiple scale rating system
-~ 10 favored the decision tree
- 1 had no preference J

Five of the nine research pilots favored the decision tree which probably

reflects their extensive use of the Cooper-Harper rating scale.

' The general experience level of the respondents was very high with
2k ATP's (Alrline Transport Pilot rating). Of the remaining pllots, 17 had
a commercisl license with an-instirument rating. The average number of hours

of flying time of all theé respondents was 5922.




(’ k1 of the 48 respondents indicated that they hed experienced one or
more vortex encounters during their career. One indiceted that the encounter
resulted in a crash.

3
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12.
15.
1h,

15.
16.

17.

18.

JRNNPINEFEN N —

Aircraft control was noti'a factor.

Controllable with somewhat inadequate
precision. ‘

Brief period of loss of control.
Little effect on: flight progress.

Momentarily Llost control — some concern

for safety.

Marginally controllable.

Very difficult to control.

On the verge of losing control.
Barely controllable.
ﬁearly'uncontrollable.

Significant loss of control resulting
in high probability of sborting task.

Lost control for a significant period
of time — cause for alarm.

Extensive loss of control.
Aireraft lost.

Complete loss of control.
Serious loss of control.
Uncontrollable,

Complete loss of control — high
probability of a crash,

Control was completely lost — feared

for my life.

Figure B-1. Aircraft control.

Letter
Grade

C+

g

C+

D+

F R RN LS I
il
i
|
i
!5
Averege Rating u
1~ 2 3 b 5 |
! [ | | o
)
: i
‘:EEL“~—-sﬁandard deviation ﬁ
-
| g | ‘3
59 |
g
60| R
1] ;
.61 |
i
i
21 | .%
6]
i
.61 | - 1
!
35 |
i
I | -
j
15 |
\ ) 1
i
0 ! 5
19 l
2E
.21 _ 1 }
7 | 7
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10.

1.
12.

13.

1%,

15.

30

Easy to apply correct controls,

Disturbance easily corrected with
minimum control,

Required low pilot effort.

Largely undemanding of pilot, relaxed.

Aireraft control required moderate
pilot effort.

Required moderate control to regulate

againgt disturbance,

Aireraft control required moderate
pilot effort.

Demanding of pilot attention, skill,
or effort

Required considerable pilot effort.
Flight control usage for recovery
straightforvard, .

Very demanding of pilot attention,
skill, or effort.

Reguired nearly full control to
regulate against disturbance.

Wag digoriented — high probebility of
incorrect control application,

Completely demanding of pilot attention,

skill, or effort.

Reguired considerable pilot effort;
improper use of flight controls
posgsible.

Required extreme pilot effort; proper
control usage difficuli and confusing.

Figure B-2, Demands on pilot.

Letter
Grade

[

B

C+

C+

C+

C+

C+

Average Rating

2
f

5
I

.39

.71
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Average Reting

e

1 2 3 5 :

« Letter | | | - | | f

Grade :

Negligible excursions. ﬁ o+ (B3] i
Similer to Light turbulence, B~ [53 :
Noticeable interference with desired 4 : ;
£1ight path. P R :
Similar to moderate turbulence. ct 70

Aircraft excursions were large enough
to cause concern for safety.

Extreme excursions; not possible to

maintain desired flight path,

‘Extreme excursions; definitely an

wnsafe condition,

High probability of a crash due to
lerge excursions. -

Crash inevitsble due to large excursions.

B .52 ]

B— A7 ]
G .36 l
¢ 7 J

Figure B-3. Aircraft excursions.

Excellent chance for successful recovery
from upset.

Good chaence for successful recovery from
upset.

Fair chance for successful recovery from
upset.

Poor chance for suceessful recovery from
upset. .

"Becovery impossible,

Average Rating |

1 2 3 —~ 4

Letter | | ! [
Grade

C— 1.0 ]

D+ .85 |

Figure B-lt, Chances for successful recovery.
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Average Rating A

‘ 1 a 3
Letter | | |
' Grede

1. Incident not worthy of mention, D [$—.34

2. No effect on safety. C 3—.58

%. BSlightly more severe digturbance would -

NE |
cause concern Tor safety.

4, Disturbance resulted in momentary : -
Y . . P c .82 J
i disorientation.
5, Telt I was in trouble. _F T4 |
" 6. Was concerned about safety of f£light o '75 .

during some portion of the encounter. .

7. Considered it a "close call." F b2

8. Considerable cause for alarm. D i)

9. A preceriocus situation, T .78

10. Felt I was in serious trouble. D 49

1. Extreme concern for safety. D+ ' 49

12, Teared for my life. D .36

Figure B-5. Subjective opinion.
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