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CON4ERCIAL AIRCRAFT FLIGHT DECK NOISE CRITERIA

1.0 INTRODUCTION

There Is considerable Interest In establishing noise level limits

that wil l protect persons who work in high level noise environments from

noise-Induced permanent threshold shifts (NIPTS). Flight deck environments

of some coejiercial airplanes may provide high enough noise levels that

questions concerning noise-induced permanent threshold shifts would be in

order. Along with the NIPTS problem there is the additional consideration
-

• that conununication among flight personnel and with controllers is essen-

tial , and that flight deck noise levels should not mask communications.

These two problems, the possibility of noise-induced permanent threshold

shift and the requirement for adequate communications, are emphasized in

this study program. Thus, the two main measures employed are:

1) Measures of noise-induced hearing threshold shifts as
a function of realistic simulations of commercial air-
craft flight deck noise environments.

2) The effect on communication performance of realistic
simulations of commercial aircraft flight deck noise

• environments.

~ I
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2.0 EXPERIMENT DESCRIPTION

So that resul ts could be obtained concerning the possibility of

noise-Induced permanent threshold shift and cosanunications Interference,

fifty persons were employed and exposed to various coninercial jet aircraft
• cockpit noise environments. The various aspects of the program are:

- Selection and training of participants .
• - Noise conditions, which includes selection of spectra , level

and duration.

- Test environment and equipments.

- Response measures, which emphasized a realistic coninunica-
• tions task and temporary threshold shift (TTS) determina-

tions but also included magnitude estimation and category
ratings for the various conditions.

2.1 Participants

Subjects were recruited from the University of Washington and selected
on the basis of an audiometric screening test with the requirement that

one ear pure tone thresholds at 0.5 , 1, 2, and 4 kHz were not greater than
10 dB from audloinetric zero using ANSI 1969 standards . The 50 persons
selected were equally divided as to gender. Age and educational informa-
tion is provided in Table 2-I.

Table 2-I. Means and ranges for age and education in
years of 50 partIcipants.

AGE EDUCATION
Mean 23.1 15.5

Range 1 8- 3 9  1 2 — 2 3

2 - 1  79 O7~ 3O 1O~
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During the screening interview a brief history of occupational and

recreational activities was obtained with the aim of obtaining some m di-
• cation of possible excessive noise exposure. In addition, each partici-

pant responded to a ten-Item noise sensitivity test (Ref. 1) and to a

50-item test aimed at measuring manifest anxiety (Ref. 2). The interest

in the latter test Involves the possibility that high anxious persons

may have greater difficulty in determining their auditory thresholds.

Thus, it would be expected that there would be a positive relationship

between scores on a manifest anxiety test and range of threshold for re-

peated audiometric determinations. So as to obtain a more stable baseline

for the auditory thresholds of interest and also to train participants In

tower-to-pilot communication skills, each participant completed five 45-

minute training sessions (Monday through Friday) prior to taking part In

the experiment. Each 45-minute training session included the following:

- Manual pure tone audlometry at 250, 500, 1000, 2000,
4000, 6000, and 8000 Hz.

- Training wi th tower-to-pilot words and phrases so that
• any degradation of response due to noise exposure

could not be attributed to unfamiliarity.

- Exposure to USASI noise at 80 dBA for two minutes which
was to be utilized as a standard to which the experi-
mental sessions would be compared.

During these five pre-experiment sessions, headphones were refitted

and the audiometric test was repeated for most of the subjects . Thus,

short-term and headphone-fit effects would be Included in the baseline

variabilIty and also subjects ’ baseline thresholds would be based on ten

threshold determinations. Means and standard deviations (S.D.) of thresh-

olds for the 50 participants using all baseline threshold measurements

2 - 2
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are given in Table 2—Il.

Table 2-Il. Means and standard deviations (S.D. ) for fifty participants’
baseline audiometric determinations (dB).

______ ______ _______ 
Hz 

______ ______ _______

______________ 
250 500 1000 2000 4000 6000 8000

RIGHT Mean 1.4 2.1 1.7 -1.0 1.4 1 12.0 6.2
EAR S.D. 4.4 5.2 5.2 4.3 7.5 8.9 8.6

LEFT Mean 2.8 1.9 1.7 1.4 2.4 14.8 8.6
EAR S.D. 4.9 4.5 4.9 5.2 6.2 9.3 8.4

Since the resul ts of Table 2-Il are based on means or averages for

some 500 baseline audlometric examinations (50 persons examined on 10 oc-

casions), for illustrati ve purposes, results for three individual partici-

pants are provided in Figures la. through 3b. Figures la. and lb. provide

plots for the person with the right ear lowest threshold at 1000 Hz. Of

all 50 participants, only this one subject detected all presentations of

the 1000 Hz tone at -10 dB from audiometric zero. Hearing in the left ear

was almost as acute at 1000 Hz with the mean of the threshold determina-

tions at -8 dB from audiometric zero. The general shape of the audiograms

is similar for both ears. Hearing is most acute between 250 to 2000 Hr

with mean drops at 6000 Hz to +20 dB from audiometric zero for both ears .

The audiograms of Figures 2a. and 2b. are based on threshold determinations

by the partIcipant wi th the highest right ear mean threshold at 1000 Hz

with a mean basel ine level of + 13dB from audiometric zero. As for the

subject wi th the nbestH hearing at 1000 Hz in the right ear (Figures la.

and lb.), hearing acuity decreases or dips at 6000 Hz, reaching a mean

level of +30 dB from audiometric zero for the left ear. Since the two

2 - 3

~~~~.- -~~~~ - ~~~~~~~~~~~~

-

•
~~~~~~~~~~~ • • • —-~~~~ _ _ _ _—-- _ -—-——-———rn -a—- - — —



-

—~

FREQUENCY (Hertz). 250 500 1000 2000 4K 6K 8K* -10 
_ _ _  

~~~

.— 
_____ 

_ _  -10

‘
7

__ \ 5
~~~1o 

____ 
____ 10Q-.-... j  Mean

~ ° 0
_Th~~shOl~

0
~~ nge)

~~~25 

25Figure la. Mean and range of baseline aud1ogra~ (RIGHT EAR)for participant with lowest right ear meanthreshold at 1000 Hz.

FREQUENCY (Hertz)250 500 1000 2000 4K 6K 8K
-5 

____  

-5
~ 0 

0

* —~~Mean15 

~~~ ‘Upper & Lower \ 15
~~
J o

~~

f

~~~~~~

__
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Figure 2a. Mean and range of baseline audlograms (RIGHT EAR)
for participant wi th highest right ear mean
threshold at 1000 Hz.
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for participant with lowest right ear mean
threshold at 6000 Hz.
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Figure 3b. Mean and range of baseline audiograms (LEFT EAR)
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subj ects with the greatest and least hearing acuity at 1000 Hz both

showed dips in both ears at 6000 Hz, for illustrative purposes, audlometri c

results for the participant with the TMbestM hearing at 6000 Hz Is provided

In Figures 3a. and 3b. For all seven frequencies and in both ears , means

o? the baseline determinations are less than audiometric zero. However,

for all six presentations of these results (Figures la. - 3b.) based on

threshold determinations by individual participants, variability of re-

sponse tends to be greater at 6000 Hz than at the other six frequencies .

2.2 Noise Conditions

Both level and spectral characteristics change as a function of opera-

tions (takeoff, cruise, descent). However, since the crui se phase Is of

much greater duration than other phases for commercial jet aircraft flights,

cockpit noise during cruise was selected as the noise condition to be in-

vestigated. A state-of-the-art review (Refs. 3, 4, and 5) was completed

relative to level and spectral characteristics of commercial jet aircraft

cockpit noise. Sufficient data concerning level and spectrum was avail-

able for the older, narrow-body, low bypass powered aircraft but not for

the wide-body, high bypass powered commercial jets. Consequently, addi-

tional cockpit measurements were obtained utilizing calibrated tape re-

cordings during scheduled commercIal flights. Table 2-Ill provides summary

information in CIBA relative to the cruise phase for this measurement pro-

gram. Based on the review and measurement program, It was concluded that

cockpit noise levels at cruise In commercial jet aircraft ranges from ap-

proxImately 72 to 86 dU, depending on the measurement location and opera-

2 - 8
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Table 2-I!!. Levels in dBA at various locations in
conunercial jet aircraft cockpits .

__________- INDICATED MEASUI EMENT LOCATION
AIRCRAFT ALTITUDE AIR SPEED *A B C
DC-lU-iD 39 K ft. 260 Knots 71.6 73.6 70.0

747 37 N 
~ 270 “ 77.0 80.2 79.1

747 41 N N 250 ~ 75.9 79.0 76.5
727-200 35 “ N 280 “ 

• 

79. 1 81.6 78.4
727-200 22 II N 335 ‘ 81.4 85.3 80.9

* “A~ Measured between pilot and copilot at ear level .
N8M Measured between captain’s left ear and window.
“C” Three to sIx inches -from 2nd offIcer ’s (Flight Engineer)

left ear.

tional characteristics. Two cruise spectra were selected. The first

(spectrum 1) is based on measurements in the cockpits of a nunter of con-

ventional narrow-body jet aircraft (DC-9, 707, 720, 727) whIch were com-

bined to produce a composite spectrum as shown In Figure 4 (Ref. 3). This

composite spectrum representing narrow-body jets is relatVvely flat across

the frequency range and peaks around 1000 Hz. The second spectrum (spec-

trum 2) was obtained from cruise measurements in the cockpit of the DC-1O-

• 40 and has a pronounced drop from the low to high frequencies as shown in

Figure 5. Figures 4 and 5 present the two spectra at 80 dBA.

The original spectra on which spectrum 1 Is based provided dBA levels be-

tween 80 and 86 and the actual level s for spectrum 2 were in the 71 to 75

CIBA range. So that resul ts might have general application to commercial jet

aircraft noise effects problems, subjects were exposed to three

levels of each spectrum ranging from 75 to 85 CIBA In 5 dBA increments .

In respect to duration of exposure, there was interest in spanning the

2 - 9
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actual time that airline personnel are exposed to these representative

noise levels. However, due to the finding that noise-induced temporary

threshold shift (ITS) becomes asymtot lc after approxima tely one hour of

exposure usIng a 4 kflz octave band fatiguer at 75 dB SPL (Ref. 6), It was

concluded that exposures of 1, 2, and 4 hours would be sufficient. Table

2-IY shows the twenty noise conditions to which subjects were exposed.

Table 2-IV . Duration and levels for noise conditions
(Spectrums 1 and 2 for each condition
for a total of 20).

DURATION_ (hours)
LEVEL (CIBA) 1 2 

_____

75 X X X
80 X X X
85 X X X
85 (Ear Plugs) X

As a means of Investigating the effect of ear protection, one group

at 85 dRA for a four-hour exposure period wore a disposable type of ear

plug. As for the other nine groups of five subjects per each condition,

this Near_plugN group was exposed to both spectra. Instructions concerning

i~se of ear plugs are given In Appendix A. One final observation concerning

the two. noise spectra investigated invol ves the large difference of their

overall sound pressure levels If matched usIng the dBA weighting network.

For example, at 80 dBA (Figures 4 & 5), dB linear for spectrum 1 Is 81 and

for spectrum 2 it is 90.

$
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2.3 Test Environment and Equipments

The experiment was conducted in a comfortably furnished room contain-

Ing a couch, easy chairs, coffee table and carpet; the layout of the room

is shown In Figure 6. Unless utilizing the adjacent kitchen area or rest

rooms , subjects were required to sit in one of the five numbered exposure
positions. Coffee and soft drinks were availabl e and persons taking part

In the experiment were permitted to use the time at their own discretion.

Some read or studied while others would occasionally sleep.

Eight Speakerlab-2 3-way sealed-box system loudspeakers were distrib-

uted so as to produce a uniform sound field throughout the room. They

were powered in pairs (Loudspeaker columns in Figure 6) in series by two

two-channel amplifiers (MacIntosh 2100 and 250). The two cockpit noise

• spectra were produced by passing pink noise from a GenRad 1382 noise gen-

erator through a Dynaco SE-lO two-channel equalizer, one channel of which

was set up to produce spectrum 1 (narrow-body cockpit noise) and the other

to provide spectrum 2 (wIde-body cockpit noise). The output of the equal-

h er was split between the two amplifiers and a subsidiary system which

provided cockpit noise to the kitchen area and restrooms. As shown in

Figure 6, fIve exposure positions were used so that five persons could be

exposed simultaneously to any one of the twenty noise conditions. The two L
test spectra were adjusted to give 80 dBA at exposure position #4 which

was used for all intelligibilit y testing. Level and spectra were then

measured at all five positions, using a GenRad 1962-9601 1/2” ~1ectret ml-

crophone and l 560-P42 preamplifier connected to a GenRad 1921 real-time

analyzer which was controlled by a PDP-ll computer. The results of this

I - 
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measurement program are given In Figures 7 and 8 which provide the mean

level based on all five exposure positions and maximum and minimum levels

(range) for the five positions over eight octave bands. Correspondence

between the exposure position spectra and derived spectra (Figure 7 vs.

FIgure 4 and Figure 8 vs. Figure 5) Is considered quite satisfactory. For

noise from 500 to 8K Hz, the range of octave-band levels across exposure

positions averages 1.2 dB for spectrum 1 noise, and 1.5 dB for spectrum 2

noise. Tables 2-V and 2-Vt provide engineering calculation procedure re-

sults for the five exposure positions. The levels in the kitchen and

restroom areas were set to give the same dBA levels as experienced at the

five exposure positions but there was no attempt to replicate the two

spectra as for the five exposure positions . During presentation of any

one of the twenty experimental conditions , levels in the room were monitored

during the experiment via a Bruel and Kjaer 4117 1” microphone and 2205

sound level meter connected to a B&K 2307 level recorder.

The Intelligibility test was presented via a Planatronlcs MS-50 head-

set which utilizes a fitted ear insert. The test was recorded on a TEAC

3300 tape recorder and presented via an attenuator system through an SAE

Mark 30 preamplIfier to the headset. The system consisted of two attenu-

ators in parallel , the signal being routed through one attenuator by a

switch under the control of the experimentor. The attenuator under con-

trol of the experimentor was kept fi xed so as to control the level of the

intelligibility test while the second, a single—knob rotary attenuator

graduated in 1.5 dB steps, was used by the subject to adjust the speech to

a level that he considered comfortable. Subjects adjusted the speech level

at the termination of the intelligibility test as a means of determining

2 - 15
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Table 2-V. Engineeri ng calculation procedure resul ts for
5 exposure positions (narrow-body jets,
spectrum 1).

CALCULATIO N ~XPO5URE POSITIONPROCEDURE 1 3 4 5 P~AN RANGE -
dB-linear 81.4 81.9 82.0 81.5 81.9 81.7 0.6

dBA 80.8 80.7 81.3 80.1 80.3 80.6 1.2
dBH (Ref. 7) 85.6 8!.8 85.7 84.9 84.9 85.4 0.9
PNdB (Ref. 8) 93.3 94.0 93.5 93.0 93.3 93.4 1.0
511 (Ref. 9) 73.9 73.8 74.1 73.3 73.4 73.7 0.8
PSIL (Ref. 10) 75.0 74.7 75.2 74.1 74.5 74.7 

- 

1.1

Table 2-Vt . Engineering calculation procedure results for
5 exposure positions (DC-1O-40 aircraft ,
spectrum 2).

CALCULATION EXPOS URE POSITION
PROCEDURE 1 2 3 4 5 - MEAN - RANGE

dB- llnear 86.2 87.9 87.0 88.1 88.9 87.6 2.7
dBA 80.2 80.3 80.8 80.2 80.9 80.5 0.7
dBH (Ref. 7) 81.4 81.4 81.8 80.9 81.3 81.4 0.9
PNdB (Ref. 8) 92.0 92.7 92.3 92.4 93.0 92.5 1.0
SIL (Ref. 9) 72.2 72.2 72 .4 71.7 72.0 72.1 0.7
PSIL (Ref. 10) 75.5 75.3 75.9 74.9 75.4 75.4 1.0

agreement between that used in the experiment and speech level rated as

“comfortable” by the subjects. The level of the signal goIng to the head-

set was monItored on a 8&K 2307 level recorder. A block diagram of the

equipments is shown in Figure 9.
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2.4 Response Measvre s . - . - -

As stated In the introduction to SectIon 2 0 .  four response measures

were used to investigate the effects of the twenty noise exposure condi-

tions. The two main measures were concerned with listening Intelligibility

and temporary threshold shift (TTS) while supporting measures involved

magnItude estimation and category scaling ratings of the total experience

by all subjects . In addition to these four measures , each subject adjusted

the speech level so that It was “comfortable to li sten to and as clear and
understandable as you can make It.” Instructions for taking part In the

experiment are given In Appendix B and provide an overall understanding of

the various response measures. Except for the intelligibilIty tests, which

were developed specifically for this study, response measures and how they

were employed are quite straightforward. A description of the development

and use of the intelligibility tests follows.

So that the data would be realistic, a number of recordings of tower-

to-pilot radio communications were made and studied in conjunction with

words , phrases , usages and constructions in the Airman ’s InformatIon
Manual , Jan. 1977 (BasIc FlIght Information and ATC Procedures - Part 1).

Materials were derived from these two sources for the purpose of training

the subjects in the use of this airman ’s “phraseology” and to develop the
realistic intelligibility tests. The derived materials are given In Appen-

dix C and include a list of “Special words”, “Typical Phraseology”, and a

“Glossary”. All of these Appendix C materials were provided to all 50 sub-

jects and also used in their five 45-minute training sessions prior to

taking part In the experiment. During the first four training sessions,

2 - 2 0
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they listened to a recording of various tower-to-pilot phrases replayed

through a headset. For these practice sessions , they were provided wi th
a typewritten copy of the phrases so that they could clearly understand
the material. For the fifth training sessions, they listened to the 14
phrases selected as the “training intelligibility test” and wrote the

phrases on an answer sheet. These 14 phrases are:

TRAINING INTELLIGIBILITY TEST

1. Climb to 14,000. 8. Turn on your transponder.
2. Taxi to runway 35. 9. Traffic at 10 o’clock.
3. Maintain 1500. 10. Hold short 07.
4. Turn left 10 degrees. 11. Wind 326 at 8.
5. Squawk 9683. 12. Resume normal navigation.
6. CeilIng 25,000. 13. Well below glidepath.
7. ILS runway 25 right. 14. Visibility 2.

Scores on this end-of-training test provided a measure of their

training and would also serve as a comparison or baseline test relative
to perf ormance on the experiment intelligibility test. Following are the

14 phrases used in the “experiment Intelligibility test”:

EXPERIMENT INTELLIGIBILITY TEST

1. Clear to land zero four left.
2. Squawk four one six three.
3. Contact departure seven four zero three.
4. TraffI c at two o ’cl ock.
5. Tower will be th ree five one nine.
6. Reduce your speed by fifty knots.
7. Intercept the loca lizer.

2 - 2 1
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UPERIMENT INTELLIGIBILITY TEST (cont’d)

8. Slightly above glidepath.
9. Altimeter two eight nine seven.

10. Descend to fourteen hundred.
11. Turn left heading one nine eight.
12. Reduce your speed to fi fty knots .
13. Turn right heading zero seven six.
14. Caution wake turbulence.

These fourteen phrases were used for all four experimental intelligi-

bility testings (pre and post spectrum 1 conditIons, pre and post spectrum

2 conditIons), but were presented In four different orders so that any

tendency to memorize phrases would be decreased.

A final consIderation concerning the intelligibility testing Involves

mode of presenting the tests, spectral characteristics and level. As indi-

cated previously, a Planatronics MS-50 monaural headset was used to pre-

sent the intelligibIlity tests. The choice was among a cockpit loudspeaker,

headphones, and the monaural headset with a size range (off-the-shelf) of
insert eartlps. The cockpit loudspeaker approach was rejected as it was

necessary for the test to be inaudibl e to subjects other than the one being

tested. Also, an informal survey of airline pilots showed a preference for

the lighter, monaural headset. Consequently, the monaural headset was se-

lected with the additional consideration that it would provide less atten-

uation than a pair of headphones and thus would be representative of a

“worst case” situation. So that the speech spectrum for the experiment

would be representative for conunercial aircraft conmiunlcations, a number

of quality tape recordings were made from the output jacks of receivers In

— 
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747 and OC-lO airliners. Coninunications from a variety of controllers

and over a range of distances were obtained. The recordings were analyzed

into 1/3—octave bands and the resul ts averaged to produce a “standard”

controller ’s spectrum. The experiment speech signals were picked up by a

crystal microphone and passed through a GenRad 1925 1/3—octave band spec-

trum shaper which was set to sImulate the “standard” controller ’s spectrum.

Spectra from the simulation and the average of the actual spectra are

shown in Figure 10. The shapes of the two spectra are similar but the

simulation Is some 8 dB too high at 315 Hz and sonm 9 dB too low at 3150

Hz. Both of these frequencIes do not significantly contribute to the

speech frequency range so these differences are not considered as being

critical . The Intelligibility tests were recorded by a male, trained In

cosmiunications who imitated a “typical” controller ’s speech patterns. The

signals were presented at the same dBA level (RMS values) as the noise ex-

posure levels. For example, if a subject were exposed and tested at 75

dM, the intelligibil ity tests were presented at 75 dBA. Depending on the

attenuation of the earpiece, which Is very much a function of the fit ,

signal-to-noise ratio of speech signal s to exposure noise was from 5 to

1O dBA.
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3.0 RESULTS

3.1 IntelligIbility

The premise relative to speech intelligibility testing (controller to

pilot) was that exposure over various time periods to a particular noise

c~nvironnmnt could degrade speech intelligibility . Thus, participants

were tested In a particular noise environment, exposed to that same noise

environment for one, two, or four hours, and then retested. All aspects

of both “before” and “after” testing were the same including the level at

which the speech materials were presented. The results for this part of

the study are given in Figure 11. Compari ng percent correct on the 70-

item word test for “before” and “after” exposure shows no specific pattern

of speech intelligibility degradation. For the twenty comparisons of

Figure li, fourteen show an Increase In intelligibility test scores after

exposure to noise, four comparisons show no change, while but two of the

comparisons suggest a slight degradation of speech intelligibilIty. Dif-

ferences which are appreciable are in the direction of improvement In in-

telligibility as a function of noise exposure. These differences which

show appreciable improvement are:

- Spectrum #2. 1-hour exposure group at 85 dBA. Shows
an average score of 82% correct for before testing
and 91% correct for “after” testing. Improvement is
9 percentage points.

- Spectrum #1. 4-hour exposure group at 85 dBA. Shows
an average score of 79% correct for “before” testing
and 95% correct for “after” testing. Improvement is
16 percentage points.

- Spectrum #1, 4-hour exposure group at 85 dM, wearing
ear protection (EP). Shows an average score of 83%

3 - 1  
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correct for “before” testing and 95% correct for “after ”
testing. Improvement Is 13 percentage points.

That noise exposure does not result in degradation of intelligibility

test performance but tends to be associated with improvement is also sup-

ported by the average di fference across all groups between “before” and

“after” test results . Average percent correct for “before” testing was

89% while it was 93% for “after” testing. The important conclusion from

these results is that noise exposure at the levels investigated does not

lead to degradation of speech intelligibility performance. In respect to

the finding that some improvement did occur, It appears that there is some

adaptatIon to the noise environments which results in this sl ight improve-

ment. If adaptation is , in part , the explanation for this improvement,

persons exposed for longer time periods should test at somewhat higher

levels. Average percent correct on the 70-item test for spectrums 1 and 2

are plotted in Figure 12 as a function of exposure time. For spectrum 1,

scores increase as exposure time to noise increases. For spectrum 2, per-

cent correct Is greater for the 2-hour and 4-hour exposure periods than

for the 1-hour exposure period but there is a slight decrease in intelli-

gibility scores for the 4-hour exposure period over the 2-hour period. In

genera l , there is improvement wi th increased exposure durations , suggesting

that adaptation to noise environments could lead to improved performance.

An additional consideration Involves the expectation that higher noise

levels could result In a decrease in speech intelligibility even though

signal-to-noise ratios (5 to 10 dB depending on fit of earpiece) were simi-

lar at all levels. The average percent correct on the 70-Item word test

3 — 3
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for both spectra 1 and 2 as a function of the three exposure levels are

given in Figure 13. For spectrum 2, speech Intelligibility clearly de-

creases as noise level Increases. For spectrum 1, there is a decrease in

speech Intelligibility as noise level is increased from 75 dBA to 80 or

85 dBA wi th intelligibility for 80 and 85 CIBA exposure levels being almost

identical . Higher noise exposure levels do result in decreased speech

Intelligibility but with identical signal-to-noise ratios for speech dur-

ing all three exposure conditions.

Another comparison involves differences in results for the 57-item

pro-experiment word test which was administered In a relatively quiet

noise environment versus those obtained for the various noise exposure

experimental conditions. Average percent correct for the 57-Item pre-ex-

periment word test and for each of the 10 experiment groups are given In

Figure 14. A comparison of Figure 14 resul ts with those of Figure 11

(resul ts based on noise exposure conditions) shows that speech Intelligi-

bility in a relatively quiet noise environment Is as good or better than

speech Intelligibility in a noisier environment. For the 57-item pre-ex-

p.riment word test, average percent correct was 96.5 while it was 91.1%

based on all experiment conditions.

A final consideration is concerned with the signal-to-noise ratio

(speech level vs. environmental noise level ) that was used, The speech

level for all experiment conditions was the same as the exposure level

under investigation. For example, if exposure level were 80 dBA, the

speech level used was 80 CIBA with signal-to-noise ratio being a function

of the attenuation of the earplece (5 to 10 dB depending on fit). After
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each exposure condition, subjects adjusted the speech level, after hearing

some additional examples of speech test materials, in 1.5 dB Increments so

that It was “comfortable ” to l isten to. Average differences between the

experimental levels and adj usted level s are given in Figures 15 and 16.

These speech level differences are minor in that none are greater than

1 dB. The 1-hour exposure at 85 dBA group set the speech level 1 dB

greater than the experimental level while the group wearing ear protection

adjusted the speech level 1 dB less than the experimental level .

3.2 Temporary Threshold Shift (ITS)

There are two considerations relative to temporary threshold shift

(TTS) results. The first involves the expectation that Increasing hearing

thresholds in the speech frequency range could degrade speech intelligi-

bility performance, while the second consideration involves prediction of

noise-Induced permanent threshold shift based on the finding that ITS is

extensive.

Temporary threshold shift (TTS) results are provided in Table 3—VII .

For each of the four frequencies of interest (500, 1000, 2000, and 4000

Hz), there Is one exposure or post-experimental determination. As a

means of obtaining a non-noise influenced threshold, each subject was ex-

amined just prior to being exposed to a particular noise environment.

Al so, a series of ten baseline threshold level s was obtained during the

week j ust prior to the week of the exposure period. Thus, there are two

threshold measurement sets to which noise-induced thresholds can be corn-

pared. Thresholds obtained just before a noise exposure period are called

3 - 8
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Table 3-Vu . Post-experimental less Pro-experimental, and
Post-experimental less Baseline threshold
differences (ITS) at 500, 1000, 2000, and
4000 Hz (average for both ears).

SPECTRUM # 1 SPECTRUM #2
(Houri) 500 iOoO ~0O0 4000 500 1000 ~oOo 4000

*2.2 1.5 1.0 0.2 2.0 -0.8 0.5 1.01 
~~~~~ 3.5 3.1 1.2 3.8 4.6 3.8 4.2
2.0 1.0 1.5 2.5 2.0 -1.0 2.8 1.52 1.6 0.6 1.8 1.2 1.2 -1.0 2.3 -0.8
1.2 3.0 3.5 5.2 2.2 1.5 0.5 —0.2
0.8 2.9 2.9 4.1 4.4 2.4 2.4 1.6

1 

— 

2.8 0.0 2.2 0.2 0.8 1.2 2.8 0.5
1.2 2.1 4.2 2.1 2.6 4.4 5.7 3.0

2 
1.8 4.8 0.2 2.2 2.2 3.8 1.8 0.8
2.0 3.2 0.0 0.8 1.0 -2.4 0.0 -2.2

-0.8 1.0 2.5 1.8 2.0 3.0 1.5 0.8
0.4 0.8 2.4 1.3 2.0 2.4 1.4 0.3

— 
1.0 02 2.2 2.0 3.0 2.5 1.8 1.0

1 
—0 . 2  —0 .1  0 .4  -0.6 4 . 2  4 . 4  4 . 8  2 . 4

2 2.0 3.8 6.8 6.8 0.5 5.2 4.5 2.5
2.0 2.4 6.3 6.2 2.0 4.4 4.3 1.7

~~~~ 
0.0 1.5 3.0 8.8 3.0 5.5 2.2 1.8

—2.0 0.2 1.9 6.8 3.0 7.2 3.4 3.8
LU 

~4 E 0.5 2.0 1.5 -1.0 -0.5 1.5 2.0 -0.5- ~ -0.9 -0.6 1.8 -0.4 -1.9 0.4 0.8 0.0

* Upper value in cel l Is Post-experimental less pre-experimental .
Lower value “ “ N Post-experimental “ baseline.

+ Wore ear protection during 4-hour exposure period.

pro-experimental while the average threshold based on the ten threshold

determinations prior to the experiment are referred to as baseline

thresholds. The upper number in each cell of Table 3-Vu is the post—ex-

perimental threshold less the pro-experimental threshold while the lower

number In each cel l is the same post-experimental threshold less the

baseline threshold. Examination of Table 3-Vu shows that few of the
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noise exposure conditions resulted in appreciable iTS but that the results

are relatively consistent wi th the various conditions of the experiment.

Due to the fact that the range of repeated threshold measurements under

presumed identical conditions is large (a range of 10 dB is not unusual ,

see Figures 3a & 3b), and that a ITS of 5 dB can be considered as a mini-

mal threshold shift, only ITS’s which are greater than 5 dB using both

pre-experimental and baseline threshold determinations (both numbers in a

cell must be greater than 5 dB) will be considered as having application

significance.

Examination of Table 3-VIZ 75 CIBA Exposure Level Results (Rows 1, 2,

and 3 of Table 3-VU) shows that there is no appreciable ITS at any of the

frequencies tested. The post-experimental less pre-experimental IrS at

4000 Hz based on 4 hours of exposure to spectrum #1 does show a ITS of

5 . 2  dB but this result is not supported by results based on the more stable

series of basel i ne threshold measurements. At most, it can be concluded

that there is a tendency to ITS at 4000 Hz but that it is of minor import.

Results for the 80 dBA Exposure Level are similar to those for the

75 CIBA Exposure Level groups. There is no appreciable ITS at any of the

frequencies tested. The group exposed for one hour to spectrum #2 noise

did show a 115 of 5.7 dB at 2000 Hz based on the baseline threshold deter-

minations but it was not confi rmed by the pre-experimental threshold de-

terminations or by any 115 determInations resulting from the 2- and 4-hour

exposure periods.

Using the guideline that for iTS to be considered appreciable, it is

to be greater then 5 dB utilizing both methods to determine iTS, four sets

3 - 10
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of TTS determinations meet this guideline at the 85 dBA Exposure Level.

For the 1-hour exposure period, ~~ ITS determinations are at 5 dB or

greater (row 7 of Table 3-VIZ). However, for two hours of exposure to the

spectrum 1 noise, ITS Is greater than 5 dB at both 2000 and 4000 Hz (row

8 of Table 3-VU). For four hours of exposure at 85 dBA, spectrum 1 noIse

also provides appreciable ITS at 4000 Hz. For spectrum 2, only exposure

at 85 dBA for four hours results In appreciable ITS at 1000 Hz (row 9 of

Table 3-VIZ). Thus It can be concluded that at 2 to 4 hours of exposure

at 85 CIBA, spectrum 1 exposure can result in appreciable ITS in the 2000

to 4000 Hz range, and that for four hours of exposure at 85 CiBA, spec-

trum 2 exposure can also result In appreciable TIS at 1000 Hz. That

spectrum 1 results in ITS in the 2000- 4000 Hz range and spectrum 2 at

1000 Hz is consistent with the respective energy distributions for the two

spectra (see Figures 4 and 5). As the results for the group wearing ear

protection show (row 10 of Table 3-VIZ), any tendency towards temporary

threshold shift (ITS) as a result of four hours of noise exposure at 85

CIBA was completely eliminated by ear protection.

3.3 Noise Annoyance

At the termination of the session, each subject rated the whole noise

session using the following five-point category scale (see Appendix B -

I NSTRUCTI ONS):

Cl) Not at all annoying
(2) A little annoying
(3) Moderately annoying
(4) Very much annoying
(5) Almost intolerable

3 - l i  
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The five categories are assigned nimerical values ranging from 1 to 5 with

“1” representing “Not at all annoying” and “5” assigned to “Almost in-

tolerable”. The means of these category ratings for each of the ten groups

are given in Figure 17. Mean resul ts for the two spectra are presented

individually and grand means (averaged over level and duration) are pro-

vided based on the two different spectra . Results based on the twenty

IndIvidual group means (two spectra ) do not disclose any particularly

meaningful pattern. Wi th the exception of the 4-hour exposure group who

experienced spectrum “1” noise at 85 dBA, mean annoyance response ranged

from “A Little annoying” to “Moderately annoying”. The group who experi-

enced spectrum 1 at 85 dBA for 4 hours did rate that experience as being

somewhat greater than “Moderately annoying”. Al so, on the average, those

experiencing noise exposure for but 1 hour tended to rate the experience

more annoying than persons exposed to 2 or 4 hours. The grand means for

spectrum i vs. spectrum 2 show that the wide—body aircraft interior noise

(spectrum 2) is rated less annoying than the noise for older narrow-body

jets wi th both noise environments being at identical dBA levels.

In Figure 18, results are combined so that various comparisons are

available based on spectrum, duration of exposure, and noise level . Mean

comparisons for the spectrum factor wi th each isolated by duration of ex-

posure show that regardless of exposure duration, spectrum 1 exposure is

rated more annoying than sp ctrum 2 exposure (Figure 18 a.). Grand mean

results for exposure duration (FIgure 18, b.) show that on the average ex-

posure of 1 hour Is rated as being more annoying than exposure of either

2 or 4 hours while there is little difference between annoyance ratings

for the 2-hour vs. 4-hour sessions. If mean results are arranged by the

_ _ _ _ _ _ _ _ _ _  ~:
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spectrum and l evel factors (FI gure l8,c.), regardless of level , spectrum 1

h rated more annoying than spectrum 2. Finally, grand means are provided

based only on level (Figure 18,d.). The results show that there Is no

consistent relationship between the annoyance ratings and level . This is

an anomaly in that it is expected that annoyance would increase wi th level

and can possibly be explained by the fact that the three groups are corn-

posed of different persons; It may be that some personality or test re-

sponse set variable is obscuring the expected relationship between annoy-

ance response and noise level .

Results using this category scaling approach support two main con-

clusions which are:

- At Identical dBA levels of exposure, noise for the narrow-
body aircraft (spectrum 1) are rated as more annoying than
noise exposure for the wide-body jet aircraft (spectrum 2).

- Since 1 hour of exposure is rated more annoying than either
2 or 4 hours of exposure, there Is some evidence that adap-
tation to noise exposure conditions decreases annoyance
response.

3.4 Magnitude Estimation

During each of the five training sessions , subjects were exposed to

two minutes of broad band noise at 80 CIBA which they were to use as a

standard for magnitude estimation of the experimental sessions (see Appen-
dix B - INSTRUCTIONS). Results for the two spectra as a function of expo-

sure level are given In Figure 19. Using magnitude estimation ratings

averaged over the three exposure durations for spectrum 1, shows that

annoyance response does increase wi th level . However, rate of change for

3 - 1 5
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Figure 19. MagnItude estimation ratings as a function of
exposure level .
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doubling of noise annoyance is 15 CIBA instead of 10 cIBA which Is often

found for ratings of indIvidual noise events. Ratings to spectrum 2 noise

exposure are not as expected in that there is no consistent relationship

between noise exposure level and the annoyance ratings. As for the cate-

gory scaling ratings, these inconsistent results may be due to the fact

that different groups of subjects are rating the three exposure levels.

However, this does not explain why the different groups rated somewhat as
expected to spectrum 1 noise exposure conditions and not to spectrum 2

(all 50 subjects were exposed to both spectrum 1 and 2 noise conditions).

As for the category scaling results of the previous section, it is again

clear that, on the average, the narrow-body aircraft noise (spectrum 1)

is rated as more annoying than the wide-body noise If presented at identi-

cal dBA levels. A large proportion of average greater annoyance to spec-

trum 1 exposure is, however, contributed at 85 CIBA.

3.5 Variability of Hearing Threshold Determinations
and Manifest Anxiety

As shown by the results of Tabl e 2-Il and Figures 1 through 3, varia-
bility between and within persons when measuring hearing thresholds Is

relatively high. For example, range of measurements, depending on fre-

quency, varied as much as 35 dB between persons with “normal” hearing

(Table 2-Il). For repeated measurements based on an Individual subject’s

response, ranges of 10 to 15 dB for the ten baseline hearing threshold

measurements were not unusual , particularly at the higher frequencies
(Figures 1 through 3). it was hypothesized that a partial explanation of

this variability in determining hearing thresholds is an indecisiveness or

3 - 17
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uncertainty characteristic in individual respondents. As a method for

testing this hypothesis, ranges of threshold determinations were correlated
with scores on a test of Manifest Anxiety (Ref. II). The rationale Is

that the Manifest Anxiety scores reflect a general personality character-

istic of uncertainty and indecisiveness. Product—moment coefficients of

correlation between ranges for the ten threshold determinations and Mani-

fest Anxiety scores are given in Table 3-Vill. Of the fourteen coeffi-

cients of correlation, eight are significantly different from zero at the

5% level of confidence, while on a chance basis, not more than one would

be significantly greater than zero. Ihe results support the hypothesis

that a kind of uncertainty or indecisiveness trait can partially explain

repeated measurement differences when determining hearing thresholds.

Table 3-VIII. Product-moment coefficients of correlation for
baseline audiornetric ranges and mantfiest anxiety
test scores (50 pairs at each Hz.).

HERTZ
EAR 250 500 1000 2000 4000 6000 8000

I Left 0.35 0.26 0.33 0.40 -0.01 0.30 0.24
I *

L~
9ht 0.25 0.04 0.22 0.29 -0.11 0.12 -0.09

means that coefficient of correlation is not zero
at the 5% level of confidence.

Another possi bill ty Is that there Is a relationship between temporary

threshold shift (ITS) and Manifest Anxiety test scores . This possibility

was examined by correlating ITS results based on both post-experimental

less pre-experimental ITS and post-experimental less baseline ITS for both

spectra and both ears vs. Manifest Anxiety scores. This resulted in 32
correlation coefficients , each based on 45 pairs (persons wearing ear 

~~ ..



protection were not Included). Based on the results of Table 3-VIZ which

shows some ITS at 2000 and 4000 Hz for spectrum 1 and at 1000 Hz for spec-

trum 2, it is expected that not more than twelve of the thirty-two coeffi-

cients would Indicate actual positive relationships (there cannot be a

significant correlation wi th no ITS). Table 3-IX gives the twelve corre—

lations that could be signifi cant based on the results of Table 3-VIZ.

Table 3-IX. Correlations between ITS and Manifest Anxiety scores
that could be significantly different from zero.

______ 
HERTZ

EAR 
_____________ ________ 

500 1000 2000 4000

Post less Pre  
~~~~ ~~~~~

LEFT 
Post less Base :::: -~:~~ 

?:~ 
*0 25

Post less Pre 
_________ ~:E~ ~:~

_ 
~~RIGHT 

Post less Base :::: _
~t~ ~~ ~~

* Significant at 5% level of confidence.

None of the twenty correlations were significantly different from zero

where no positive significant correlations were expected. As Table 3-IX

shows, two of the twelve remaining coefficients are positive and signifi-

cantly different from zero at a 5% level of confidence. Only results based

on spectrum 1 exposure are invol ved. There is very slight evidence that

ITS and Manifest Anxiety scores are related. However, the evidence is

not at all f irm and the positive relationship between these two measures

is considered as being speculative at this juncture.
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3.6 EngineerIng Calculation Procedure Considerations

The basic aim of an engineering calculation procedure which is de-

sIgned to measure response to noise exposure situations, Is to accurately

or validly reflect person response. Do engineering calculation procedure

measurements correspond wi th the various human response results? All

response measures show that , at the same dBA level , spectrum 2 (wide-body)

is preferred over spectrum 1 (narrow-body). For example, the grand mean

intelligibility test resul ts were 93% correct for spectrum 2 exposures

and 89% correct for spectrum 1 exposures (see Figure 11). Subjects, on

the average, rate spectrum 2 exposures less annoying than spectrtm~ 1 ex-

posures using both category scaling and magnitud e estimation rating meth-

ods. Even the temporary threshold shift (ITS) measures showed less ITS

(not as many frequencies involved ) for spectrum 2 over spectrum 1. To

accurately reflect these response results, a valid engineering calculation

procedure must calculate spectrum 1 exposure s at a higher leve l than

spectrum 2 exposures. As shown in Tables 2-V and 2-VI, six engineering

calculation procedures were appl ied to the two spectra. Differences be-

tween spectrum 1 less spectrum 2 calculations are given in FIgure 20.

For a calculation procedure to accurately reflect the human response re-

suits, the differences In FIgure 20 should be positive and greater than

2 dB (see Ref. 12, pp. 61-65). Of the six calculation procedures evalu-

ated, only the dBH difference (85.4 less 81.4 equal s 4.0 dB) Is positive

and greater than 2 dB. 
- Both dB(Flat) and preferred speech interference

level (PSIL of Ref. 10) differences are negative or in a reverse direction

with dB(Flat) in the wrong direction by over 5 dB. Both PNdB and SIL

(Ref. 9) are in the correct direction but not to an extent that they

3 - 2 0
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clearly measure differences between the two spectra .
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10 
-

Spectrum #1 = narrow-body
“ #2 = wide-body

_ _  

_ _  

*

~ O~~~ — - — F
.
~ F F

—5 — _______________________________________

-10
dB (Flat) dBA dBH PNdB SIL PSIL

Figure 20. Engineering calculation procedure
differences between the two spectra
(Spectrum 1 less Spectrum 2).

a calculation procedure to accurately reflect tl~hui~an response results , tbe differences in Figure 20
sil)uld be positive ar~ greater than 2 dB (see r~f. 12,
~p. 61-65) . Of the six calculation procedures evalu-
ated, only the dBH differer~e (85.4 less 81.4 equals
4.0 dB) is positive ar~ greater than 2 dB.
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4.0 DISCUSSION AND CONCLUSIONS

There Is considerable controversy concerning noise exposure levels

— ~ 
necessary to protect industrial populations from noise-induced permanent

4 .. •  

threshold shift (NIPTS). In dBA, limi ts proposed have ranged from 55 dB

to protect 90% of the population from exceeding a 16 dB hearing threshold

level fence averaged over 500, 1000, and 2000 Hz (Ref. 13), through 73 dB

to protect 100% of the population from exceeding a 5 dB NIPTS at 4000 Hz

(Ref. 14), to 80 dB to protect the median worker from Incurring any NIPTS

(Ref. 15). Flight deck crews not only require protection from NIPTS , but

there Is the additional consideration that these crews must perform criti-

cal tasks which are dependent on various comunication modes (tower to

pilot, engineer to pilot, etc.). Thus, workplace noise limi ts that may

be appropriate for industrial workers in general may not be appl icable to

flight deck crews. These two interrelated requirements prompted the in-

vestigation of both temporary threshold shift (ITS) used as a predictor

of NIPTS (Ref. 14), and speech intelligibility as a function of coninercial

jet aircraft flight deck noise exposure conditions. Conclusions for these

two main requirements are:

1) It Is concluded that a limi t of 80 dBA is sufficient to
protect flight deck crews from NIPTS.

This is based on the finding that no appreciable ITS was measured

at 500, 1000, 2000, or 4000 Hz for exposure periods at 75 and 80

dBA. Depending on noise spectral characteristics, some ITS was
maasured at 85 dBA for a 4-hour exposure period but the magnitude

of the average ITS measurements is not c~nsidered serious.

4 - 1
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Temporary threshold shift (ITS) is completely eliminated at

85 dBA by a requirement to wear earplug protection.

2) Speech intelligibility performance Is not degraded as a
function of being exposed to noise environments comparable
to flight deck noise conditions in coninercial aircraft. 

- -

This conclusion is based on the finding that HafterN exposure

scores did not decrease when compared to speech intelligibility

scores obtained Nbefore~ exposure but In the presence of the

simulated flight deck noise environments . However, relatively

higher noise level s wi th Identical signal-to—noi se ratios do

result in some decrease in speech intelligibility. As level is

increased (signal-to-noise ratios are constant), speech Intelli-

gibility tends to decrease. Al so, with adequate signal-to-noise

ratios for both situations, speech intelligibility is slightly

superior in a relatively quiet noise environment when compared

to resul ts obtained in Nnoisy u (75 to 85 dBA) environments.

Thus, a third conclusion is derived which is:

3) It is concluded that it is advisable that flight deck
noise levels In coninercial jet aircraft be as low as is
technically and economically possible.

Some additional conclusions are:

a) Adaptation to noise level s does occur over relatively
short periods of exposure time.

This conclusion is based on the findings that speech intelligi-

bility scores tends to Improve as exposure time is increased

and that annoyance ratings are decreased as exposure time is

increased.
4 - 2
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b) The flight deck noise spectrum representing the newer
technology aircraft (high-bypass wide-body) is more
desirable than that representing the older, narrow-body
aircraft.

This conclusion is based on results which show that speech Intel-

ligibility Is greater for the wi de-body spectrum over ~ e narrow- --  -

S - - 
body spectrum and that at the same dBA level , the wide-body jet

aircraft noise was found to be less annoying that the narrow-body

jet aircraft noise.

c) It is concluded that an uncertainty or indecisiveness per-
sonality trait partially explains repeated measurement
differences when determining hearing thresholds.

The evidence for this conclusion comes from statistically sig-

nificant positive correlations between range for repeated

hearing threshold determinations vs. a measure of indecisive-

ness (Taylor ’s manifest anxiety scale, Ref. 11). The evidence

is not strong since none of the significant product-moment

coefficients of correlation account for more than 16% of the

coninon variance.

d) The traditional or institutionalized engineering calculation
procedures such as dBA, PNdB, and PSIL do not adequately
reflect the human response differences on the various
dependent measures.

Of the six calculation procedures investigated, (dB(flat), dBA,

dBH (Ref. 7), PNdB, SR., and PSIL], only dBH adequately reflected

the human response results (see Figure 20). Two calculation pro-

cedures which are often used to provide specifications for flight

deck noise limi ts were the least effective. Both dB(flat) and

4 - 3
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PSIL .usur.d the two spectre undsr Investigation In the •xact
opposite direction from thit of the subj cts response results.
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APPENDIX A - Instructions for Use of Earpiugs

USE OF EARPLUGS

You will be required to wear earplugs during your

* 
experimental sessions. After completing your pre-session
audiogram, please put one pl ug in your left ear.

Then you will be asked to enter the test room where, as
explained on the Instruction Sheet, you will be asked to
put on the headset and complete a conununications task.

When you have finished, please remove the headset and
Insert the other earplug. Continue wearing the plugs
throughout the experimental session.

About 10 minutes before the end of the session, as
explained on the Instruction Sheet, you will be asked to
complete another coninunications task. For this, remove the
plug in your right ear and put on the headset again.

When the experimentor takes you from the test room,
please remove the plug from your left ear before doing the
final audiogram.

A - i
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APPENDIX B - General Instructions

When you first enter the test room, please put on the headset and
the experimentor will check Its fit. When you are ready, switch the
switch on the control box to light the bulb. When the bulb goes out,
the conmiunications task will begin. Wri te down what you hear of the
phrases and mark how confident you are that you heard correctly.

After 14 phrases, there will be a longer section of speech. During
this, please adjust the volume control unti l the speech Is at a level
comfortable to listen to and as clear and understandable as you can make
it. When you are satisfied, switch the control box switch again to
light the bulb and note down your setting of the volume control . Then
reset the control to 15.

Please remove the headset and take your seat. About 10 minutes be-
fore the end of your session, the control box light will light and the
experimentor will ask you to put on the headset again. When you are
ready, please switch the switch again.

Another conmiunications task will begin; again write down what you
hear and your confidence rating. After the 14 phrases, again adjust the
volume control to a comfortable level . When you are satisfi ed, note the
level, return the control setting to 15, and switch the light on.

Magnitude Estimation

Next we would like you to rate the complete noise session you have
just experienced. Rate it in relation to the standard sound you heard
in the training sess ons. Remember that the standard sound has a rating
of 10. For example, if the session seems twice as annoying as the
standard, you will write “20” in the space provided on the answer sheet.
If it seems only one-half as annoying, write “5”. If one-quarter as
annoying, write “2-1/2”; if three times as annnoying, write “30”; If
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slightly more than twice as annoying, you may choose to wri te “21”, “22”,
or “23”, whatever Is appropriate. If slightly less annoying, use the
number that best expresses the difference, such as “7” or “8” and so on.
Your own impression of the annoyance of the noise is what we want.

Category Scaling

Finally, we would like you to rate the whole noise session using the
following scale:

(1) Not at all annoying . 
-

(2) A little annoying
(3) Moderately annoying

• (4) Very much annoying
(5) Almost intolerable

Please write your ratings in the space provided on your answer sheet.
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APPENDIX C - Tower-to-pilot Verbal Coninunication Materials

Special words used In Control-to-Pilot Coimnunications:

Al rspeed Marker
Al timeter N.D.B.
Al tItude Radar
Approach Radial
Back Course Runway
Bearing Sidestep
Ceiling Spacing
Clear Speed
Climb Squawk
Departure TACAN
Descend Taxi way
Discretion T.C.A.
D.M.E. Touch-down
Flight Level Touch-and-go
Frequency Tower
Front Course Traffic
Glide Path Transponder
Ground Control Turbulence
Heading U.H.F.
Heavy Vector
Hold Visibili ty
Ident V isual
I.L.S. V.F.R.
Intercept V.N.F.
Knots V.0 .R
Landing VORTAC
Localizer Wake
Maintain
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Typical Phraseology

Weather Reports.
“VisibilIty one five.”
“Altimeter three zero four zero.”
“Wind one four six at twelve.”

• “Estimated ceiling three thousand broken, one zero thousand
overcasc.” (altitudes in feet of two cloud layers)

“Wind check one niner zero at eight~”

On the Ground. 
-

“Call the tower to cross.” (permiss ion to cross a runway)
“Cross three four left and hold.” (341 is a runway name)
“Cross on the high speed .” (taxiway names)
“Cross on A seven.” “ N

“Taxi to the ramp, hold short. Traffic departing three four
right , heavy jet.”

“Taxi to runway three four left; hold short of three four
right .”

Take-off.

“Climb and maintain one seven thousand.” (climb to an altitude
of 17,000 ft. and remain there.)

“Contact departure.” (contact departure control ; may be
followed by the radio frequency, eg. 178.9 MHz.. .“one seven
eight point finer.”)

“Seattle departure control radar contact.” (Seattle departure
control has contact with the plane ’s transponder.)

“Expect an altitude below T.C.A.” (stand by for an order
to fly at an altitude below the T.C.A.)

“Radar service is terminated .”
“Radar contact lost.”
“Expect reidentification in fifteen miles .”
“Cleared for take-off one six left.” (you have permission to

take-off on runway 16L.)
“Cleared, direct Sigma flight plan route to J.F.K.” (you

have bec.n cleared to follow route Sigma direct to J.F.K.
airport in New York.)

Approach and landing .

“Descend to eight thousand.”
“Descend and maintain five thousand.”
“Descend and maintain flight level three niner zero.”
“Descend and maintain flight level above one eight zero.”
“Descend Victor one five seven.” (VlSi is a standard route.)
“Maintain flight level one niner zero.”
“Maintain fifteen hundred feet to cross at Renton.”
“Maintain two thousand two hundred until you establish the

localizer.” (keep at an altitude of 2,200 ft. until you
make contact with the local-Izer transmission.)

__________ ~
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App~oac h and Land i~~j .

“Maintain fourteen hundred feet unt~l the V.O R.”
“Intercept the localizer. ”
“Reduce your speed by thirty knots.’
“Reduce your speed to one eight zero.”
“Reduce your speed to one hundred and eighty knots.”
“Slightly below glidepath. ”
“Well above glidepath. ”
“Radar contact five southwest of Seattle. ” ( the radar has

made contact with you five miles S.W. of Seattle.)
“Approach radar one three two point four.” (the frequency

of the approach radar is 132.4.)
‘~Turn right ahead. ” (expect an order to turn right.)
“Turn right heading one zero one.”
“Turn left heading zero one zero twelve miles from Redondo.”
(where Redondo is ~ geograpblcai location.)

“New York Ident. ”
“I.L.S. one six right approach. ”
“Clear to land two finer left. ”
“Cleared for touch-and-go runway zero eight right.”
“Landing runway three four. ” (used to inform the pilot of

the direction and runway in use for landing, eg. 340° ,
nearly northwards , rather than the opposite direction , 160° .)

“How wi ll  you terminate your approach?” (using a visual or
instrument landing?)

“Use visual bay approach. ” (visual approach procedure over
Elliot Bay.)

“Expect a vector across the final approach course. ” (expect
a heading order across the final course , instead of flying
straight in.. .used in Seatt le for noise abatement purposes.)

“Fly a heading of zero niner zero to intercept vector two .”
“You ’ll be following tha t heavy jet at twelve o ’clock and five

miles below you. ”
“I’m not getting your transponder. ”
“Squawk code three alpha , two one zero five. ”
“Join Ballard two t~entyone , radial inbound .” (get onto the

direction defined by bearing 221° from the l ocation Ballard
inbound to the airport.)

“Cleared to V.0.R. ,  one two left approach. ” (pilot has permis-
-sion to land using a standard method , designated V.0.R. 12L.)

Various times.

“Contact Seattle Center. ” (or “Kennedy Center ”, “tower ” , “ground~1
control ,”departure ,” etc.) “one twenty one point  seven ” (change
your present radio frequency to 121 .7 , and contact that control
for the next part of your flight.)

“Departure ” (“Seattle Center ,” etc.) “will be one twenty-one point
seven .”

“Call the tower”

C - 3
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Various times.

“Turn right heading one three zero.”
“Traffic at twelve o’clock three miles northbound reading

nineteen hundred unconfirmed.” (there is another planedead ahead of you at a distance of 3 miles and an estimatedaltitude of 1 ,900 ft., going northwards.)
“Turn left fifteen degrees; the vector’s around traffic.”“Level at three thousand.” (remain at your present altitude

of 3,000 ft.)
“Caution wake turbulence. Heavy DC-b just departed three

zero left.”
“Resume normal navigation .” (giving navi gational responsibility

back to the pilot.)
“Cross Cleveland at or above four thousand .” (where Cleveland

Is the location of a navigation beacon.)
“Your discretion two four zero.” (the pilot can descend (or

climb ) to 24,000 ft. If he so wishes.)

C - 4
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GLOSSARY

Affirmative - yes (used for emphasis)

Altitude - measured wi th an altimeter. For altitudes below 18,000 ft,
given in thousands and hundreds ( or hundreds) of feet. E.g., “one
thousand five hundred” means 1 ,500 ft, sometimes expressed as
“fifteen hundred”. “One three thousand” or “thirteen thousand” is
13,000 ft. For altitudes at or above 18,000 ft, “fl ight level” Is
used. This represents a barometric altimeter indication ; for in-
stance, “flight level two five zero” represents an indication of
25,000 ft. Three digits are always used , to represent hundreds of
feet.

Approach - e.g., “Initial a.” , “final a.” - components of a standard
flight pattern used on approaching an airport. “Approach” does
not include the final “touch-down” or “landing ”.

Back course - see localizer.

Bearing - (the horizontal direction to or from any point) magnetic
compass direction. Given as three digits , e.g., “three six
zero” (3600 - north), “zero zero fiveH (5° - 5 degrees east
of north). The same phrasing is used to describe headings
and wind directions.

Caution wake turbulence - warning to beware of turbulence set up in
the wake of another aircraft, usually a heavy jet.

Ceiling - a cloud base; level gi ven in hundreds or thousands of feet,
e.g., “eight thousand” (8000 ft), “one one thousand” (11000 ft),
“two zero thousand” (20000 ft).

Climb - “ascend” is not used to prevent confusion with “descend”.

Discretion - the pilot is given the option to undertake a maneuver.

0.M.E. - distance measuring equipment.

Flight level - see a1t~tude.

Frequency - radio frequencies are given as four or five digits , e.g.,
127.8, 130.95. Usually spoken as “one two seven point eight” , some-
times “one twenty seven eight” or “one two seven eight” .

Front course - see boca lizer.

Gl ide path - part of the standard approach/landing flight path. Defined
by radar in an I.L.S. A plane ’s position is described by “slightly”
or “well” above (or below) the glidepeth where necessary.

C- 5
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Head lng - mag netic compass direction of flight. Used when
instructing a pilot to change his flight direction horizontally.
See bearj~g for spoken phrasing.

Heayy - a category of jet capable of large take-off weight , eg.
Boeing 747’s, DC-10’s and some DC-8’s.

Hold - do not proceed; used by ground control for planes on the
airport. E.g. “position and hold~

1 -get Into position (for
take-off)  but wait until given clearance before proceeding;
“cross 16 left and hold short of 16R” -you are cleared to cross
the runway designated 16 left, but stop before crossing runway
16 right .

Ident - engage the Ident feature of the transponder.

I.1.S. - instrument landing system. Uses radar beacons to guide
the plane in (as opposed to V.F .R .)

Intercept - meet, eg. “fly heading zero finer zero to intercept
the glidepath” -fly on heading 090 until you meet the glidepath.

• “Intercept” on its own (as in “fly 180 at intercept”) means “at
the interception of the present flight direction wi th the local-
Izer transmission .”

Knots - nautical miles per hour.

Local-izer - a transmitter, part of the I.L.S. which provides the
pilot with course gu idance to the runway centerline. The “front
course” describes the area in front of the bocalizer , the “back
ee~rse” that oehind it. “Landing on t~e back course ” requ ires a
special procedure.

Marker - eg. “ inner rn . ’, “middle rn.’ , “outer rn. ’ Beacons in the I.1.S.
giving range Information . E.g. the outer marker normally indicates
the position where an aircraft on the I.L.S. g~~depath will
intercept the localizer course.

Negative - no (used for emphasis)

N.D.B. - non-directional beacon . Often used in conjuction with I.L.S.

Radial - a magnetic bearing extending from a V.O .R. (etc.) navigation
facility .

Runway - magnetic compass heading of a runway Is given with two
digits , representing tens of degrees; eg. “three six ” would
be 3600, north. Where there are two parallel runways, they are
separated by left (1) or right CR).. .361, 36R. Where there are
three, by left (1), center (C), right (R)...36L, 36C, and 36R.
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Sidestep. - a v i sua l maneuver. The I.1.S. Is usually for one run-
way. If the plane is required to land on a parallel one, It
approaches initial ly on the I.L.S. path and then must move
over or “sidestep” to the parallel runway when close enough
for visual control .

• Spaclng - techniques for controlling the separation of planes , eg.
w hen approaching a busy airport.

Speed - given in knots, usually in three dig its , eg. “two eight
niner ” is 289 knots.

I

Squawk - eg. “squawk” (or “squawk code”) “two two one five” “low.”
Tells the pilot to activate the specific code (2215) on the
aircraft transponder. “Low” indicates he should set for low ,
ra ther than normal , sensitivity .

• TACAN - U H.F. navigationa l facility giving omni-directional
course ana distance information .

T.C.A. - term inal con trol area; a i rspace wi thin wh ich al l  a i rcraft
are subject to control .

Tou~~~~~~ p - a touch-down followed by an ininedlate take-off.

Taxiway - path used by planes on the ground (not used for take-
off or landing).

Traffic - aircraft. E.g. “traf f ic  at 1 o ’clock 1 mi le eastbound”
warns a pilot that there is another plane In front of him
and slightly to the right , at a distance of one mile and
mov ing to the east.

Trans pon der - the a i rborn e radar beacon rece iver/transm it ter , which
• au tomatically receives radio signals from the ground and replies

with a pulse (that identifies the plane) to those signals
received on the m ode/frequency to which it is set. (See Squawk)

Tu rbu 1 ence - see Caut ion wake turbulence.

U.H.F. - ultra high frequency

Vector - a headlng issued to an aircraft to provide navigationa l
guidance.

VisibIlj~y - In weather reports , given in nautical miles , eg.
“visib ility one five ” (15 n. miles).

Visua l - see V .F.R.
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V.F.R. - visual flight rules; to be used by planes not using I.L S.

V.H.F. - very high frequency.

V.O .R. - V.H.F. omni-directional radio range. A ground-based
eFectronic navigation aid.

• VORTAC - combined V.0.R. and TACAN system

Wind - direction given as for beari;~~ speed given in knots. E.g.
“wind one six zero at niner ” means a nine-knot wind from a
direction of 160° -

C - s

- -----~~~~~~~~~ - - 
~~~~~~~~~~~~~

k. ~~~~~~~~~~~~~~~~~~~~~~~ ----“--- - - -—- --• - --  —~~~~~~ --- ~~- -- -5- - ---~~~-— -~~---- 
-


