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Unfversity'of Utah
SUMMARY -

Two Taboratory stud1es were conducted to examine the effect of the
durat1on of Jet aircraft f]yover sounds on annoyance Both stud1es ut111zed
a nine po1nt numer1ca1 category sca11ng techn1que ‘The first study reveaTed.
various nethodo]og1ca1 prob]ems wh1ch prevented the prec1se measurement of
the effect of r'urat1on the durat1on of alrcraft sounds tends to be nega—
t1ve1y corre]ated w1th the h1oh frequency content of the sounds wh1ch resu]ts
in each noise rat1ng scaTe hav1ng a d1fferent opt1mum durat1on correct1on
It was also found that f]yover sounds wh1ch exhlblt a rap1d change 1n
spectrum were judged to be part1cu1ar1y annoying. This effect vas subjec-
tively equivaTent to a‘mauimumﬁof appr021mate1y 5 dB;’and was capable of
compTeteTy negating the effect of duration. . o

The second study, which was designed to overcome these yarious.probTems,
confirmed the "equa1 energy" hyoothesis-f The duration correction used in

the EPNL procedure is therefore considered to be appropriate.

* Presently with The Bionetics Corporation, Hampton, Virginia



IHTRODUCTION

Several 1aboratori;stodfesnhere exdmfhed'the_effect of the duration
of aircraft f]yover‘soohds on perce%ped ahhoyance. fhese studies using
bands of noise or synthesized flyover sounds have generally shown that
duration is of importance, a]thoughpthe reported magnitude of the duration
correction has varied considerah]y,'from one to six dB per doubling of
duration. (1-7). Of the studies using real aircraft flyover sounds,'some
reported no effect of duration (8, 9, 10), while others generally reported
a small effect (11-14). |

An explanation of some of these differences in resu]ts is provided
by Little and Mabry (15)1Who have shoWh that the maohitude of the observed
duration effect can be 1nf1uenced by the 1nstruct1ons g1ven to the test
subJects Parry (16) c1a1ms that a durat1on effect is not observed un]ess
subJects are spec1f1ca]1y asked to rate durat1on i.e., a durat1on cue is
g1ven However, some of the prev1ous1y quoted references do not support
such a conc]us1on It 1s be11eved that the conf11ct1ng results can be
exp]alned, at 1east 1n part by other d1fferences in methodology and the
choice of noise st1mu11 B -

For 1aboratory experimehts invo]ving;reeordings of.aircraft presented
at their real-life noise 1evels, there is a htgh negative correlation
between their peak noise level and duration, with the result that it is
difficult to statistica1iy.separate their indepehdent effects. This is
particularly true ff the>experiment'uti1izes just one aircraft types This

problem can be partially overcome by using a large number of flyovers of



different aircraft types, or by presenting each'of the sounds at several
different peak noise levels. It is interesting to note that of the two
studies using real aircraft éounds and:reﬁortfaé.lérge duration cofrections,
one (13) used the first approééh and ‘the ofher;(14) used the latter approach.
There is also some evidence from these twb'stJdiés that the duration'depen-
dency is different for different noiée sources.

= This report describes two studies which examined the subjeqtive effect
of the duration of aircraft flyover sounds.l The first study,'which was
concerned with possible differences between types of aircraft, had rather
unexpected results and the analyses highlighted various methodo1dgica] pro-
blems which prevented an accurate assessment of the effecf of duration. The
second study, which was designed to overcome these problems, enabled a precise

estimate of the subjective effect of duration to be obtained.
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ABBREVIATIONS AND SYMBOLS

Effective Percejved Noise Level
Tone-corrected Perceived MNoise Level :

Pérce%ygd Nqise_Levq]

Maximum weighted sound pressure level.

Weights may be found in reference 21.

Composite dB(A), maximum 1/3-octave band levels are
weighted regardiess of time when they occur.

Stevens Mark VII weighting (ref. 22)

Ollerhead's weighting (ref. 9)

5 dB-down duration

10 dB-down duration

20 dB-down duration

Time (seconds) for which signal exceeds 60 dB(A)
Time (seconds) for which signal exceeds 70 dB(A)

Time (seconds) for which signal exceeds 80 dB(A)

Integrated duration correction (EPNL procedure) .,
Total audible duration (seconds)

Time between onset of ‘audibility and peak (seconds)



'ABBREVIATIONS AND SYMBOLS

Proportion of A-weighted energy above 800 Hz

Spectral change occurr1ng between points e1ther

~side of t1me of peak no1se level

Subjective scale value

SSV averaged across subjects

Pearson product moment correlation coefficient

Multiple correlation coefficient



STUDY I
 EXPERIMENTAL DESIGH

Three aircraft types were chosen for this study. Narrow-bodied jets
with low bypass ratio engines were repreéented by.thé Boéing 737 and wide-
bodied jets with high bypass ratios were represépted by the McDonnell
Douglas DC-10. Also included was the only passenger-carrying supersonic
sﬁrcraft, Concorde. '

Five recordings, having a wide range of durations, were selected for
each aircraft type. Both approaches and departures were included and attempts
were made to select the flyovers so that each source was represented by sounds
having the same range of durations. In order to reduce the negative corre-

lation between peak level and duration, Matrix 1 was formed, consisting of

five peak noise levels (L1 - L5) and five durations (D1 - D5).

MATRIX 1
D1 02 D3 D4 'Ds
L1 1 2 3 4 5
L2 6 7 8 9 10
L3 11 12 13 - 14 15
Ly 16 17 18 19 20
Lg 21 - 22 23 24 25

*



A similar matrix_yas_gonstructed’forqeagh'qircrqft fype,,giving a total
of 75 sounds. It is desirable that all subjects judge ai1_sound$ and that
1isteniﬁg sessfoné be of:a reasqpab}e‘length., To meet this objective .the
75 sounds_wefe randéﬁ]y assigned to threghsesgions,-each session consisting
bf fiVe tgbes 6f fi;e_;ouﬁds each. Matrix 2 §hpws the arrangement-oﬁ the

75 sounds among the sessions and tapes, e

= MATRIX 2 N
Tape - - Listening Session 1
AL 54 15 61 05 41
B, 28 17 40 34 06
o 62 47 24 55 75
0, 16 4 42 68 20
e, %8 70 08 59 45
Tape: " Listening Session 2
Ay TS0 3T AT T 22
B, 69 64 37 52 09
c, 03 12 21 43 66
D, 01 67 13 74 33
E, 27 04 53 38 56
~ Tape Listening Session 3
Ay 65 18 11 10 29
By 49 39 51 71 57
Cy 63 02 35 36 72
D, 30 60 23 25 14
E, 32 26 73 18 19




In order to minimize" the effecﬁS'Of:Sdﬁjécf'1éarnih§ and fatigue, the
position of each tape‘in each session was éygféméticaily varied for each
subject group.: Let the five tapes in session 1 be represented by the letters
A - B The order of presentation of tapes in session 1 for each subject

group is giVéh'by‘Mat?ix 3.

. MATRIX 3
Subject - QOrder of Presentation
Groups of Tapes
1 A B, E, C1 01
2 B, € A D K
3 C1 Dy B, Ey Aq
4. b, B ¢ A B
5 £, A D B g

This matrix was repeafed for the tapes of the otherktwo listening sessions
(A2 - E2 and A3 - E3). Thus, each tape occupied each position in a session

just once.



Again, in order to minimize the_effects of subject learning and fatigue,
the order of presentation of the three 1istening sessions (S1 - 53) was -

systematically varied as follows:

MATRIX 4
Subject
Group Session Order

= 1 Sl‘ 52 53

2 52 ' 33. S1

3 33 S1 52

4 S3 52 S1

5 S1 53 52 _

Thirty subjects, divided into five groups of six subjects each, were

used in this experiment.



* EXPERIMENTAL” EQUIPMENT AND PROCEDURES
o sdat )

A11 recordings weré made directly under aifcréft\f1ight tracks in
areas where backgféUﬁH“hbiéé”1é§é]é Wéke‘tyﬁfééliy-357dB(A). The recording
sites were chosen under both landing and take off routes and were at various
distances from the airport ternsuré a wide rangé 6f noise durations.
- The test sounds were chosen according to their measured duration and
their signal to noise ratio. The test tapes were made from the master
recordings using high grade tape recorders and attenuators which were ad-
Justed to achieve the desired peak noise levels in the testing room. Each
of the fifteen recordings were presented at five peak noise Tevels, nominally

65 - 85 dB(A) in 5dB steps.
Experimental Facility

| The tesf'was conducted in thé Exterior Effects Room of the Aircraft
Noise Reduction Laboratory of the National Aeronautics and Space Adminis-
tration Langley Research Center. This is an audftorium—]ike room having
a volume of 330 m3 and a reverberation time of approximately 0.5 seconds
at 1k Hz. There are six two-way coaxial speakers mounted in the ceiling
by which the test sounds were presented to ?he subjects. The seating
Tocations of the subjects were chosen to minimize the variation in noise
levels between the seats. A microphone was positioned in the center of

the room with the subjects and was used to monitor the test stimuli.
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Subjects:

Thirty human subjects were hired for.the experiment. Participation
was voluntary and each subject was screened to meet minimum audiological
standards, 20 dB hearind'levél{ The subjects were randomTy divided into
five groups of six subjects each. One half of the subjects wefé male and
had an age range of 18 - 32 with a median of 26 years. The female age

b

range was 18 —'56 with a median of 29 years.
Testing Procedure

Upon arrival at the test facility, subjects were asked to read the
instructions (Appendix A), and were introduced to the réting sheet (Appendix
B} which they would use .to record their annoyance rating for each noise;. A
numerical category séa]ing tééhnique vias used, With the ends o? the nine
point scale labelled “"not at all annoying" and "extreme]ylannoying“. Pribr
" to the test the subjects were asked to 1i$fen to three sounds in order té
give them an indication of the kinds of sounds they were to’judge.

Six subjects participated in each testing session, which lasted approxi-
mately two hours. The session was composed of three segments separated by
10 minute rest periods during which the subjects left the testing room. Each
test sound was verbally identified with a number corresponding to its position
on the response sheet and there were intervals of approximately six éeconds
between sounds, during which the number of the next soUnd.was given. Hhen
the subjects had completed the test.they were dismissed and éiven post-test

-audiograms.

11



DATA ANALYSIS-AND RESULTS .

Acoustical Analysis

The noise sfimuli were monitored throughout the experimental program.
The meansrand standard_deviations of the peak noise Jeyels measured across
test sessions showed that the sounds were presen%ed to the subject groups
extremely uniformly. (Table 1). '

The stimuli were analyzed into various composite and maximum frequency
weighted units using the one-half second one-third-octave band time histories.
In addition, various duration measures were calculated. -These included the
5, 10, 15 and 20 dB(A)—down durations, found using a graphic level recorder,
and an "effective" durgtion which was calculated from the integrated duration
corre;tfon employed in the, EPNL procedure (Table 2). The times (in seconds)
for which the signal exceeded 60, 70 and 80 dB(A) and an "onset duration”
correction were also measured. This latter correction was suggested by Mixon
et al (17) who showed that the approaching (increasing sound Tevel) part of

a flyover is more annoying than the receding part.
Analysis of Variance

The effectiveness of the experimental design was examined by the use
of analysis of variance. The design, in part, consisted of five tapes of
five sounds each, the order of presentation of tapes to subject groups being
determined by a Latin square. The analysis of variance is pfesented in Table 3.
The significant differences between tapes is due to the experimental design,

which, although randomly assigning sounds to tapes, made no attempt to balance
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their content. The significance of subject gfbupﬁ Simp]y reflects the
“inter-subject var%abi1ity, Matrix 4 of the experimental design was also ~
examined; subject groups, sessions and session order were all found to be
non-signfficant factors (Table 4).

The experiment was based: upon a factorial design of five peak noise
levels, five durations, and three néise sources.*'Thege factors were in-
vestigated by an analysis of variance in which all the main effects and
some of the interaction terms were found to be significant at the 1% level
(Table 5). As expected, the dominant variable was the peak noise level.

The strength of the source-duration interaction term implies that either the
durations were not the same for all noise sources or that the effect of
duration is different for each aircraft type. The first explanation is -
possibly correct.since although the flyover sounds.were selected on the basis
of their 10 dB(A)-down durations, considerable differences exist between their
5 and 20 dB{A) - down-durations (Table 2). This will be further examined

by regression analysis in a later section. Some of the other interactidn
terms were statistically significant .but explained little of the total
variance and were, therefore, considered to be of 1ittle importance.

Similar analyses were performed for each noise source separately
(Table 6). A1l the main effects were found to be significant, with the
peak noise level the dominant factor. The interaction terms were of little

importance relative to the main effects.
Regression Analyses

Thirty subjects judged 25 sounds from each of three aircraft types.

The arithmetic mean of the subjective scale values (SSV) was found for each

13



of the sounds and, when plotted against peak dB(A), yielded least-squares
regressioh ]ihes.(Figure 1) having correlation coefficients of 0.92 to 0.95.
Tests were made between slopés and intercepts of these three lines and no
statistical differences were found at the 5% level.

. The subjective scale values were examined in terms of their relationship
with several of the common noise raiing scales. <The three noise sources were
analyzed both separately and in combination (Table 7). Many of .the scales
performed well, with the notable exception of EPNL which performed poorly
when the aircraft were analyzed either separately or in combination.

There is an alternative method by which the noise ratings may be compared.
An "equal annoyance" level was found for each sound and eéch rating scale
using the method illustrated in Figure 2. For each sound the mean SSV is
plotted against a particular rating scale and the equal annoyance level
corresponding to the mean-SSV of all the judgements (all sounds, all aircraft),
is found from the least-squares regression line. 'If the subjective data were
errorless, the perfect noise rating scale would result in identical equal
annoyance levels for all sounds. The various noise rating scales can,
therefore, be compared by examination of the distributions of the equal
annoyance ‘levels. Table 8 presents these results and the rank order of the
rating scales based simply on their correlation with the subjective scale
values. The rank orders based on the two prbcedures are in complete agreement.

Effects of Noise Duration. Various duration corrections including the

logarithms of the 5, 10 and 20 dB - down durations were added to the regression
equations as independent variables. The regression coefficients of the duration

corrections were typically small and negative (Table 9). Since the regression

14



coefficients for the three sources were not significantly different they have

been comb1ned _ _ ' .- . -

These resu1t1ng negative duratlon correct1ons were rather unexpected,
a]though they do exp1a1n the poor performance of EPNL in the previous re-
}‘gress1on ana]yses It_wae poss1b1e_to gain further 1ns1ght»1nto the effect
of durat1on on perceived.annoyance by plotting SSV's against duration with
beak-noise level held constant. (Figure 3 - 5) There is apparently no simple
?E]ationship between annoyance and duration. .

There remains, however, the need to explain the observed subjective
differences between flyovers presented at the same peak noise level. First
it is necessary to determine whether these differences are real or whether
they are simply experimental error. From the standard_deviations of the
subjective judgements,'it.was conc]uded that differences of approximately
»O 5 SSV units between st1mu11 Judgements were stat1st1ca]1y significant
(p = 0.05). Therefore, some of the observed d1fferences are 1ndeed real.

There are various poss1b1e explanations for the observed differences.
The first is that dB(A) is a poer rating scale. Similar analyses were con-
ducted for other rating s;ales with similar results. Another possibility
is that different durationfmeasures may give more reasonable results. This
was attempted, with no real improrehent (Table 9).

In Tistening to the soundslwhich were judged most annoying it was felt
that they gave an impression of close proximity. There are various charac-
teristics of the sounds which might produce this impression, jnc]uding the
duration, the rise time and the rate-of change of sound level. These latter

two statistics are found to be highly related to duration and offered no
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significant-fmprovément. Arother possible expTaﬁétfon is Dobp]er shift,

due to an aircraft being a moving source. It is clearly impossible to extract
Doppler shift information ffbm the spett;al.daéé, bht an estimate was made on
the basis that when an aircraft is overhead, tﬁe Doppler shift is inversely
‘proportional to its ajtitudé.‘ Estimates of tﬁé é]fitude of the flyovers were
made and added to the regression»eqdations as independent variab]es, but no
;jgnificant improvemeht was found.

B The spectra at the peak dB(A) Tevel of the sounds were examined and

it appeared that the most annoying sounds contained the most high frequency

energy. This is investigatéd further in the following section.

Effects of High-Frequency Energy. It is not immediafe]y obvious how to

quantify the amount of high frequency energy present in a flyover sound. The
following simple approach was taken. The 1/2 second, 1/3 octave band spectra
for the period of 4 seconds either side of the peak dB(A) pbint were tabulated
for each flyover. The band Téve]s were A-weighted and the proportibn of energy
above various high frequency/low frequency bouﬁdéfies was calculated. The
proportions derived From the different high/low boundaries were found to be
highly correlated and so the boundary was arbitrariTy selected to be 8@0 Hz.
The maximum proportion of A-weighted acoustic enéfgy above 800 Hz in any 1/2
second time interval was designated HF.

The regression analyses were rerun witH the inclusion of this new variable

and a significant improvement was found:

16



dB(D3) Z53.15

o~ R = 0.936
o« dB(D;) -4.26 Tog (D,5) -51.11 R=0.948
o< dB(Dy) _+o;05 HF -57.16 R = 0.958
~ dB(D;) -0.43 Tog D,y + 0.05 HF -56.74 R = 0.958
. dB(A) -53.53 R= .918
o< dB(A) -5.37 Tog Dy, -48.16 R= .937
= « dB(A)  +0.10 HF -54.55 R= .960
o< dB(A)  +0.10 HF +0.45 log D, -55.15 R = .961

10

The addition of the variable HF resulted in an improvement for all of
the noise rating scales, both with and without the inclusion of duration
corrections. This effect is illustrated by Figure 6 in which equal annoyanée
levels are shown as a function of HF. There is clearly a strong linear
relationship (r = -0.79) between these two variables such that incréasing
high frequency content results in increased noisiness.

The above equations yielded another particularly interesting result;
the addition of HF caused a large change in the coefficient of duration.
‘A high -correlation (r = -0.7) was found between the -two variables HF and
duration, but this is not unexpected since, for any aircraft, increasing
the altitude will always result in longer durations and reduced high-frequency
content due to atmospheric attenuation. The implication of this result is
that experiments using real aircraft sounds will display a duration correction
which will vary according to the frequency weighting of the noise rating scale.
This variation will be such that those rating scales having the most high-
frequency emphasis will require tﬁe largest duration corrections. This is

demonstrated by the following:
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dB per Doubling of Duration

dB(A) . 15
dB(Ds) : 1.3
dB(MN) 0.7
dB(A) + HF 0.1

dB(MNN) is a weighting proposed by Otlerhead (9) which has extreme high

frequenéy emphasis.

2

Other studies have found similar results. For example Kryter (18)

found that the addifion of a duration correction to dB(A) had a very adverse
effect, whereas the addition to the high-frequency emphasizing units (dBD, PNL)
had a Tess adverse effect. O0llerhead (13) reported that a duration correction
adversely affected dB(A), but was of positive benefit to PHL and the D—weighted
units. Powell (19) found that PHL required a larger duration correction

than dB(A). - . -

It is sfi]] necessary to explain why this variable HF is apparently of
subjective importance. Initially it was thought that the inadequate high-
freduency emphasis of the A-weighting network was the cause, but upon closer
examination it was found that the optimum high frequency emphasis would have
to be enormous (more than 15 dB relative to dB(A)), and it is unlikely that
equal noisiness contours could be so much in error. An alternative explanation
may lie with some variable highly correlated with the high-frequency content.

A possible clue may be found in a study conducted by Ollerhead (9) in which
he made recordings of a single aircraft at several altitudes to achieve a
range of durations and showed that dﬁration did not inf1uencé annoyance. He

also made a long duration recording directly under a circling aircraft and
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shaped thevrecording to give similar durations %o~those of the flyovers-used
in the first experiment..  .This time-a duration effect was observed.. Ollerhéad
noted the absence of Doppler shift in the second experiment and concluded that
this was probably responsible for the results.  -He attempted to confirm this
in a later experiment, but failed (13). There is-clearly some characteristic
of thg real flyovers that counteractéd the effect of duration. It is worth:
noting that the Doppler shift was not the only difference between the two
experiments; the sounds in the first experiment had spectral Variations;

the second group of experimental sounds did not. There is a possibility,
therefore, that the change in the spectrum during a flyovgr is-of .importance
since these changes would generally be highest for the short duration flyovers
and thus counteract the effect of duration. Also the spectrum change is.
probab1y;corre1ated:with-%he high-frequency content and may explain the good
performance of this latter variable in the previous regression analyses.

The Effects. of -Spectral Change. -A method had.to be found to.quantify the

- spectral change .that occurs during a flyover. It was felt that the spectral
changes close to the peak were likely to be of most importance so the time,
intervals 1 1/2, 2 1/2 and 5 seconds either side of the peak were examined.

It was apparent that the changes in-.each 1/3-octave band were due more to over-
all level changes rather than changes in the‘spectrum. A measure of spectral
change that was independent of overall level changes was obtained by calcu-
lating dB(A) values at the peak and at the points 1 1/2, 2 1/2 and 5 seconds
either side of the peak. These dB{A) changes were sﬁbtracted.from the changes
in each 1/3 octave band which were than logarithmetically averaged to give a

measure of spectral change that was independent of overall level changes. An
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example of - the ‘computation of spectra]-change'{S'given in Table 10; where,

for reasons of . ease’of understanding, octave band rather than 1/3 octave
- band data -have been used.

The spectral changes occurring during the three time intervals were

found to be highly correlated with each other, and negatively correlated

with duration, and each had a similar effect when added to the regression
equations.

These results are presented in Table 11.

The addition of this
%ariable (SC) was statistically significant for the three aircraft, both
singularly and in combination.

The relationship between noisiness and

spectral change is illustrated in Figure 7, in which equal annoyance levels

are plotted against the spectral change occurring between the points 2 1/2
seconds either side of the peak noise level.

There is clearly a strong
Tinear relationship hetween' these two variables (r"= -0.8) such that increasing

spectral change results ‘in-increased noisiness.

‘The addition of the spectral change statistic to the regression equations
resulted in large changes in the coefficient of duration.

These two variables,
duration and spectral change, are negatively correlated (typically r

= -0.7)
so that flyovers having the shortest duration generally have the most spectral

change and those having the longest durations have the least spectral change.
There is clearly a possibility, therefore, that the effects of these two
variables will tend to counteract one another. This can be seen in Table 10,

where, for the DC-10 stimuli, the coefficient of duration changed from -7
to +12 when the variable SC was added to the equation.

In other words, when

no account was taken of spectral change, duration appeared to have no positive
effect on noisiness.

However, when spectral change was included, the duration
had a strong positive effect on annoyance.

20




The range of Va]ues of spectral change wa§ approximaﬁely iO dB and
given a regression coefficient of Q.§ (Tab]g 11, all aircraft), this implies
that this variable is subjectiVeﬂy'éqﬁ%v§1én£l£o peak level changes of
approximately 6-.dB.- This :figure .varies a little:depending upon the choicé

-of rating_sca]e,{but:is@genera11y,inﬂthe‘range-of 5 -6 dB.

The high correlation between duration and spectral change results in--
wide confidence intervals for the regression coefficient of duration. For
example, for the B.727 stimuli, the coefficient of duration Has a 95%
confidence interval of approximately #5. This illustrates that:for any .
set of stimuli having differing spectral changes, precise_estimates of the

--subjective effect of duration can not be determined.
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L STUDY L e
EXPERINENTAL DESIGN

The primary aim of this study is to reduce the negative correlation be-
tween duration and specfra11change,;thﬁs7énabl{hg¥the'precisefmeasurement of
the subjective effect of the duration of aircraft sounds. -It is also intended
that the correlation between duration and high frequency content be reduced so
that the measured duration correction will be independent.of the choice of
noise rating scale.

The previous study showed that the spectral change occurring near the
peak of the flyover was of subjective importance. This Spectral change is due
to the directivity characteristics of a jet engine and should be best studied
by the use of synthesizéd.f1yover sounds. However; a similar phenonemon,
Doppler shift may be investigated by using real flyover sounds and the present
study is aimed at this.

The Tittle previous research on the subjective importance of Doppler shift
has produced conflicting results. Ollerhead (a) produced results which implied
that Doppler shift was of importance and unsuccessfully attempted to confirm
this in a Tater study (13). Pearsons et al (20) showed that Doppler shift had
a rather weak effect.

Ideally the experiment should be designed so that the variables peak
noise level, duration, Doppler shift and spectrum are orthogonal to one
another. Achieving such a desian using real aircraft flyovers presents several
difficulties, the major ones being the relationships between the variables
duration, specturm, and Doppler shift. There is clearly a tendency for dura-

ation to be negatively correlated with both Doppler shift and high frequency
22



content. . This problem uas_partia11y overcome b& manua]]y.a]tering the dura-
tion of flyovers when rerecording, thus enabling duration to be varied inde--
pendently of Doppler shift and spectrum. In‘order to achieve a range of
Doppler shifts, flyovers at several altitudes would be required. However, this
would result in therconfounding'of Dopp]er shift and spectrum since the higher
altitude flyovers would have less high-frequency(content due to atmospheric
atfenuation. Consequently it was necessary to perform some spectral filtering
in order to eliminate this confounding. 1In order to further extend the range
of Doppler shifts, some of the flyover recordings vere p]ayed at one-half
normal speed, thus ha]ving the maximum Dopp]érfshift.

A Boeing 727 was chosen for this study due'to its wide availability tor
record1ng purposes and because its spectrum has n1n1ma1 pure tone components,
thus s1mp11fy1ng the necessary frequency f11ter1ng » The three bas1c test
sounds were record1ngs made of take offs at a1t1tudes of approx1mate1y 120
240 and 480 meters. The 10 dB( ) - . down durat1ons were found to be approx1-
mate1y 5, 10; and 20 seconds. These sounds uere‘played in tneﬁtesting room
and their spectra'measured using a real time analyzer. Tne spectra aueraged
over the time period defined by the 5 dB;down'pointSIWere found, and, as
expected, there was a decrease in the nigh'frequency content for the htgher
altitude flyovers (Figure 8). Theseicurves were used to determine the hign
frequency attenuation required to -achieve equalized spectra. Both the filtered
and unfiltered sounds were then manually adjusted to give other durations when
rerecorded. A description of the test sounds is presented in-Table 12. The
set of stimuli may also be described by the following matrix which presents

the combinations of spectrum and Doppler shift that were included in the
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study. A1l of the sounds were presented with three different durations
except those having a Doppler shift of 4B, which were presented with on]y'~'

two durations.

YT Spectrum
fie 1 &
) B/2 B 28
B 2B 4B B = Doppler shift
2B 4B

Each of the sounds was presented at four peak levels of nominally 65, 72,
79 and 86 dB(A) g1v1ng a total of 88 test stimuli.

In order to s1mp11fy the exper1menta1 des1gn, two of the sounds were re-
peated at each of the four peak noise levels. Heqee there were twenty-four
sounds each presented at four peak Tevels The'design was composed of four
sess1ons, each sess1on conta1n1ng four tapes of s1x sounds each. The distri-
but1on of the sounds on the taDes is given by Table 13. Each peak level
OCCUFSVIU each‘poss1b1e position on a tape an equal number of times and all
tweﬁtyffeur_stima1i occur in each session.

The order of presentation of. tapes within each session was systematically

varied for each subject group as follows:

Order of Tapes Within Each Session

Subject Group I A B D C
II B C A D

III C D B A

v D A C B
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The order of presentation of sessions for each subject group was as

follows: . - . . .
| o | Order 6f Sesﬁions : | | . |
.. Subject Group I. S, S, 54 -.531»
I 52_. _;‘53_ | S1 e S4
It S5 S S % o
= w5 s S, S S, - S, are sessions

1-4
Four groups of ten subjects were used in the experiment. Half of the
subjects were male and had an age range of i8 - 59 years with a median of
28 years. The female age range was 18 - 64 with a-median.of 28 years..
The experimental facilities and procedures were identical to those

employed in the first gtudy.
DATA ANALYSIS AND RESULTS
Acoustical Analysis

”_Ihg stimuli were monitored throughout the experimental program. ‘These
monitored levels aré bréseﬁféa‘in”TaB1e i£;<frém‘wﬁféh ityis-éleérnfhat the
sounds were presented uniformly to the-sﬁbject'groups. o |

» The stimuli w?re ana]yzed into varioué coﬁposite and maximum.ffequency
weighted units using thé one—£hird-octave tihe histories. Typicé1'peak Tevel
spectra are presented in Figure 9. Various duration measurés weré calculated,
inq]uding an “"effective" duration which-wasvfound from the iqtegrated correction
used in the computation of EPNL. These duration measures are presented in

Table 15.
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' _Analysis'qf'VariAhce:ixr;_

The order of presentation of sessions and tapes within sessions was de-
termined by Latin squares. Thé ana]yséé of variance of these are pkesented in
Tables 16 and 17. Differénces betweeh’séssions; session orderband tape order
were not statistically siénificant. There were sjgnificant differences be-b
tween subject groups and tapes which reflect the %ntersﬁbject variability and
thé;Unequal distribution of the sounds and their peak 1eve1s'amongst the tapes.

The design of the experiment with regard to duration, Doﬁp]er shift and

spectra is rather complex, but can be briefiy summarized as follows:

Spectrum
fire h T
'B/2 4,5, 6
B 13, 14, 15 T 1,2,3
Doppler 28 20, 21, 22 .. . 10, 11,12 7,8, 9
Shift
48 18,19 16, 17

'The'ﬁﬁmbérs refer tanthé“sounds,(see Tébie‘iZ), and indicate that éa;h
occupied cell of the mafrix containé-éaﬁnds of fhkee durations except those
havihg a Dopp]er shift of 4B, which contain only two. Analysis of variance .
_Qas used to investigate duratiqn by_examination of all the sounds éxcept those
numbered 16 - 19. The eXperiment may then be considered to consist of six
stimuli, each being presented with three durations and four peak noise levels.
Table 18 shows all the main effects to be significant and the interaction

effects to be relatively weak. The peak level of the sound is clearly the
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dominant variable. Théﬁstrength of the. "sounds "X duration" interaction is...
probgblyldue to?sounds‘of‘nominally the, same duration displaying differences
injtheif measured duratiéns (fab]e 15). :The fsoqnds X peak noise level" inter-
action term is probably due to the peak levels peing;set;in,terms_of dB(A) .
which,mayﬂnot sufficieqt1y aggqunt for the §pectra1 differen;esjbetween thg
sounds. .

= Analysis of variance was used to examine the effect of the differences in
-the spectral content of the sounds, independently of duration ‘and Doppler shift,
by careful selection of the sounds. For;examp]e, sounds 7 - 12 and 20 - 22
have a range of spectra but the same durations and Doppler shift. These .results
are presented in Table 19, in which all the main‘effects wére found to be sig-
nificant. The  same procedure was applied to Doppler:shiftA(Tab1e 20) and_agafn
the main effects were found to be ;ignificanﬁ.{vThg peak noise ]eve] is clearly
the qomipant.variab]egﬁthg.othgrvyarj§p1es%wil1vbe,fqrther examihed in,the ‘

following sections. .
Regression Analysis -

The mean.annoyance response. was found for each stimulus and corre]ated:
with various noise measures (Tab]e 21); A1l of thevscales performed well,
but examination of the correlation coefficients and the standard errors of
estimate showed EPNL to be statistically supérior to all other rating scales.’
This is presumably due to EPNL being the only rating scale which employs a
duration correction. _

The effect of duration was further investigated by adding the various
‘duration measures to the regression equations as independent variables (Table

22). In all cases the addition of the duration measures was statistically
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beneficial and, in contrast to thé‘pre95oﬁ§ gfd&j;;their regression coefficients
were positive. -The "équél”energy"fhybdthééis predicts that the integrated dur-
ation correction (Tog Dl)'would have a Edeffitfent of value 10. From exami-
nation of the standard errors associated with the coefficients of this variable,
it was concluded that the results were in édhb]efe'sfétfstical agreement with
the hypothesis. | | c

= Equal annoyante Tevels were calculated for each of the 22 sounds and for
each rating scale using the procedure described earlier (Figufe 2). These
levels may be used to illustrate the effect of duration. Figure 10 shows
Tines having éonStant Doppler shift and spectrum and c]eafly illustrates the
‘relationship between duration and annoyance.

‘Doppler shift was also examined by using the equal annoyance levels.
Figure 11 shows Tines of constant duration and spectrum, but no clear effect
of Doppler shift is apparent. MWhen added to the regression equations as an.
independent variable no significant improvements were found.

A possible reason for Dopp]er'shift.having no clear effect may be due
to the choice of stimuli, since a recent study by McCurdy (7) showed that
synthesized flyover sounds having éignifiéantAﬁﬁré tone content require a
small correction for Dobp]er éhift: whéfeasrgoﬁnds with no tones do not. -

The stimuli used in the present study were chosen for their lack of tones.

28



'CONCLUSIONS

Two :studies. were éonducted concerning the subjective-reaction to the
duration of aircraft flyover sounds.:. The firSt study highlighted several
methodological problems:which prevented the precise measurement of the - -
effect of duration.. Changesiin*the-spectka]’characteristiés of aircraft - -
sounds caused by atmospheric attenuation were found to-have a rather unex-

- pected effect on the measured duration correction. As the altitude of an
aircraft flyover is increased, the high-frequency attenuation-is also
increased, so that the high frequency confent and the duration become
negatively correlated. This results in each noise rating scale having a
different optimum duration correction. It was also found in this study that
flyovers which exhibit a rapid change in spectrum were found to be particu]af]y
annoying. Differences in. the spectral change characteristics of the stimuli
in this study were subjectively equivalent to peak level changes of approxi-
mately 5 dB, and this variable is therefore considered to be of importance.
The effect of spectral change was sufficient to comp]ete]y negate any effect
of duration.

It is believed that these spectral phenomena are responsible ‘for much
of the disagreement found in the results of previous studies. Synthesized
flyovers and bahds of noise do not exhibit such spectral variations and there-
fore enable reasonable estimates of the subjective effect of duration to be
made. On the other hand experiments using real aircraft sounds have reported
a wide range of duration corrections, which, it is believea, is due to the

spectral characteristics of the particular test stimuli.
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The ;econd study, whiéh waéiééS%éﬁéé'to overcome‘the major prob]emé
éncountered in-thg ear]ierﬂstﬁdy,[éonfirmed thev"equai>energy“ hypothesis._
The.duratién»correction used in the ca]cu]at?on-of'EPNL is therefore consi-
dered appropriate. This study also examined.the effect of Doppler shift
using aircraft noises-with minima1‘bure;tone:content.. It was concluded: -

that Doppler shift was not re]atéd to annoyance.

{*
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APPENDIX A :

,Instructidns fohASubjectsuﬂm A - -

" We are asking you to help us solve a problem concerned with noise;
'péﬁ’aﬁnoyipg_argmvarioys_kjnds_of sounds? ’FirstIWe:wijl,ask you to Tlisten
to some of the sounds you will be judging so you will have some familiarity

with them.

R

The sounds you are to rate will be presented to you one at a time.
We would Tike you to try to imagine that you are hearing these sounds while
out of doors. Please consider both the peak noise level and the duration

of the noise when making your judgments. Listen to all of the sound before

making your judgment. Notice that on your answer sheet each sound has nine -

possible ratings. "0" is for no annoyance while "8" is for extremely

annoying. You should bléce fhe sbunds on fhe scale according to their degree

of annoyance. For example, a sound causing a small amount of annoyahce may
be scored a "2" or a "3f, a soundbcausfng a;high amount of annoyance may bé
scored a "6" or "7", and so on. |

Your ratings should reflect only your own opinion of the noise, that

is what we want.
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APPENDIX B

Typical Answer Shéet

DATE

NAME

EXTREMELY
" ANNOYING ~

NOT AT ALL
ANNOYING -

NOISE
NUMBER

.u'
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" TABLE I

. MEAN AND STANDARD DEVIATION OF PEAK dB(A) VALUES
OF EXPERIMENTAL SOUNDS

R - T T
B737 Ly 84.8 856 85.0 - 85.8 85.0
~ (0.40)  (0.49)  (0.30)  (0.40  (0.63)
L, 79.8 80.0 80.8 81.0 79.6
ﬁ (0.40) (0.30) (0.40) (0.30)  (0.49) .
Ly 73.6 74.0 75:4 74.6 75.2
(0.49) (0.63) (0.49) (0.49) (0.40)
L4 . 69.8 69.4 70.6 ° 70.4 70.0
. (0.40) (0.49 (0.49) (0.49)  (0.49)
L, 64.4 64.0 64.8 66.0 65.4
' (0.49) (0.30) (0.75) (0.63)  (0.80)
DC10 | L, 84.4 84.6 85.2 85.0 85.2
(0.49) (0.49) (0.40) (0.40) (0.75)
L, 80.8 80.4 80.4 79.8 81.2
: (0.40) (0.49) (0.40) (0.40) (0.40)
o Ly 782 75.4 75.2 75.2 74.8
o - (0.75) (0.49) (.79) (0.75) (0.40) °
' L, 704 69.8 70.6 - 70.2 70.0
| (0.49) (0.40) (0.49) (0.40) (0.30) |
o ‘L 64.6 64.4 65.4 65.2 65.8
- : (0.49) (0.49) (0.49) (0.74) (0.40)
. Concorde L, 8.2 85.4 85.0 84.0 86.0
SRR s (0.75) = (0.49) (0.30) (0.63) (0.63)
L, 79.0 80.8 79.8 80.2 80.2
) (0.63) (0.40) (0.40) (0.40) (0.75)
Ly 75.2 74.6 75.4 746  76.0
. (0.40) (0.49) (0.49) (0.49) (0.63)
L, 69.8 69.8 69.6 70.4 70.8
(0.40) (0.40) (0.49) (0.49) (0.40)
Ly 65.4 65.0 65.4 65.0 66.0
(0.80) (0.89) (0.49) (0.30) (0.30)

Each cell contains the peak dB(A) for each sound averaged over the
five presentations and the standard deViation (in parentheses) of the peak

level. L - L. and D, - D fefer to the peak levels and durations (see Matrix 1,

1 5 1. 75
experimental design).
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- TABLE 2

JE U U VU S O

DURATIONS (IN SECONDS) OF THE SOUND STIMULI

e, =2 LR =
A= =) [=] o £ 3
o o - o S
- o, : aE o
o . —C L~ . — > <
QO < O < O < O — O
<7 - ~— o= ~— ~— e 4 e
—~— D [ca ) L0 2 [aa Qe R O+
o © T «© ~ © T Q @
‘e Noise Source w S e w3 RE- oS
* %
B737 0, 3.0 5.0 8.0 13.0 2.39
D, 4.5 6.5 11.5 14.0 2.82
Dy 8.0 14.0 25.0 . 35.0 5.46
Dy . 6.5 16.0 26.0  ° 31.0 4.39
Dy 14.0 23.0 40.0 53.0 5.44
‘ DC10 ‘D . 2.5 5.0 8.0 - 13.5 2.09
3 | ‘b, 45 8.0 12.0 17.0 3.88
" Dy 10,00 4.0 17.0 25.0 1.98
b, 12.0, 200 28.0  40.0  10.79
D¢ 14.0 27..0 39.0 50.0 6.98
Concorde D, 3.0 4.5 6.0 9.5 2.09
7‘02~ 5.0 . 7.5 9.0 11.0 2.60 -
Dy 11.0 15.0 19.0 24.0 4.50
D, 12.0 18.5 ©  23.0 32.0 8.48
Dy 17.0 29.0 22.0 36.0 9.45

* The "effective duration" was calculated from the integratéd duration
correction used in the calculation of EPNL

*k D1 - Dg refer to the durations of the flyovers as given in Experimental
Design
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TABLE 3
ANALYSIS OF VARIANCE OF MATRIX 3"

Source of . Degfeééiof_, Sums of Means
Variation -+ © _Freedom - . Squares Squares F
{Session"l”ﬂ“"Subjeqt“GroUpSii ; ”f ”4“’"ff":f‘””73:46'"“m’f?1853§::; "”§:§3 *
' Tapesws: . 4 o0267.67 0 (661927 34.64 * -
Tape Order 4 .58 -1.64. . 0:85"
. Residual | 12 23.10  1.93 '
Total 24 370.81
‘Session 2 Subject Groups - 4 12.06  3.01  1.79"
Tapes g 159.27  39.82  23.66 *
Tape‘Or‘der I g 5.'96_ C e 1..49,..-. . 0'89"5
Residual * - 12 20.15¥4 . 1.68
Total 24 197,46
Session 3 Subject Groups 4 7.78 1.94 0.85"S
Tapes 4 195.85 48.96 . 21.45 *
Tape Order 4 14.90 3.72 1.63"°
Residual 12 | 27.22 2.28
Total 24 245.75

* significant at 1% Tlevel
ns - not significant
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. ,,._.‘_.m.i - e e e e lmn et emesaw marlLe [, "’"T.AB.LE‘qu'".W N :ﬁ : [

MNALYSTS OF VARTANCE OF MATRIX 4 -

- Subject- Groups 244 .74

. Sessions 103.01

N N -

Session Order 103.89
Residual . v 6 ; 152.27

Total 14 . 603.91

Source of - Degrees of Vf Sums ofiff'lx Mean .
Variation <+ ~Freedom- -~ v’ ’'Squares ..- - -Sgquares’

' 61.19
51.51

51.95

125.38

. 2.05™

2.03"S

2.41"S

ns - not significant
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TABLE 5
ANALYSIS_OF VARIANCE

Degrees of . Sums of Mean
Source of Variation Freedom Squares Squares
1. Subjects | 29 2388.3§ 82.36
2. Source (B737, etc) 2 31.48 15.74
3. Peak Noise Level 8 4298.65  1074.66
4. Duration 4 219.21 54.80
1X2 58 121.18 2.09
1 X3 116 | 385.69 3.32
1X14 116 231.66 1.99
2 X3 8 38.75 4.84
2 X4 8 307.52 38.44
3X4 . 16 40.76 2.55
1X2X3 232 246.58 1.06
1X2X4 232 341.68 1.47
1X3X4 464 604.35 1.30
2 X3X4 32 118.18 3.69
Residual 928 1122.56 1.21
Total : 2249 10496.67

68.

324.
27.

* significant at 1% level
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ANALYSIS OF VARIANCE FOR EACH AIRCRAFT TYPE

TABLE 6

B737

DC10

Concorde

Source of
Variation

. Subjects
. Peak Level

. Duration

1X2
1X3
2 X3
Residual

Total

. Subjects
. Peak Level

. Duration,

1X2
1X3
2 X3
Residual

Total

. Subjects
. Peak Level

. Duration

1X2
1X3
2 X3
Residual

Total

Degrees of = Sums of Means
Freedom Squares Squares
29 881.63 30.40
4 1574.88 393.72
4 212.99 53.25
116 173.27 1.49
116 ' 189.57 1.63
16 43.18 1.70
474 497.85 1.07
749 3573.38
29 739.48 - 25.50
4 1561.91 390.48
4 227.64 56.91
116 215.77 1.86
116 208.43 1.80
16 32.03 2.00
464 539.08 1.27
749 3574.35
29 888.46 30.64
4 1200.60 300.15
4 86.10 21.52
116 243,23 2.10
116 175.34 1.51
16 83.73 5.23
464 640.02 1.37
749 3317.49

28.:
263,
32.

20.
209.

31

22.
143.
14.

58
58

.39
.52
.52

08
93

.67
.47
.42
58

21
14
24

.52
.10
.79

* significant at 1% level
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TABLE 7

REGRESSION ANALYSIS OF SUBJECTIVE SCALE VALUES AND

VARIOUS RATING SCALE UHITS ~ EXPERIMENT 2

dBA  PHL PNLT EPNL dB(B) dB(C)

B737 ssV .91 .90 .87 .79 .81 .81

DC10 SSVv. .92 .92 .91 .78 .77 72

Concorde SSV .94 .92 .92 .86 .91 .89
Al L

Sources SSV .92 .90 .89 .80 .82 .78

_dB(Dl) dB(DZ) dB(D3)
.87 .89 .94
.89 91 .95
91 .92 .93
.87 .89 .94

MKVII  CdB(A)
.89 .90
.90 .88
.92 .93
.89 .90

SV Mean subjective scale value




TABLE 8

RANK ORDER QF RATIMG SCALES

Rank QOrder

1

10

Standard Deviation
of Equal Annoyance Levels

dB (D) 2.04
dB(A) 2.57
PNL 2.72
PNLT 2.90
d8(D,) 2.91
MKVII 2.98
dB(D, ) 3.22
dB(B) 3.96
EPNL 4.35
dB(C) 4.57

Correlation
With Raw SSV

dB(DS)
dB(A)
PNL
PNLT
48(D,)
MKVII
dB(D
dB(B)

EPNL

dR(C)

0.94

0.92

0.90

0.89

0.89

0.89

0.87

0.82

0.80

0.78
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TABLE 9

REGRESSIONS OF SSV's AND VARIOUS RATING SCALES AND
" DURATION CORRECTIONS

o
w
~J

|

(72
<

Q

w
=

) - 45.20 (R = .048)

R
Q.
los]
—~
=
~
1

9.15 1og10 (D5

= dB(A) - 9.25 logyg (DIO) - 43,00 (R = .966)

« dB(A) - 10.30 log;q (Dyy) - 38.35 (R = .962)
< dB(A) - 6.36 log,, (ONS) - 48.82 (R = .941)
= dB(A) - 7.08 Tog, (Teg) - 48.46 (R = .952)
« dB(A) - 7.14 Togyy (T,q) - 83.14 (R = .940)
< dB(A) - 11.71 Togyy (Dur) - 38.95 (R = .93¢)
< dB(A) - 14.40 Tog (T;) - 44.35 (R = .950)
= PNL - 10.25 Togy, (Dyg) - 59.30 (R = .970)
= PNLT - 11.85 log;, (D)) - 59.40 (R - .965)

« dB(A) - 6.80 log (DS) - 49,70 (R - .955)

= dB(A) - 7.20 log (DlO) - 47.65 (R = .954)

« dB(A) - 7.95 log (020) - 43.90 (R = .947)

« dB(A) - 6.65 log (ONS) - 55.00 (R - .933)
« dB(A) - 6.28 10910 (T60) - 51.76 (R = .953)
« dB(A) - 3.12 10g10 (T70) - 57.19 (R = .932)

< dB(A)
< dB(A) - 8.75 10g;4 (Tl) - 49.30 (R = .961)
- 63.30 (R = .956)

8.81 10910.(Dur) - 43.57 (R = .939)

= PNL - 7.90 Tog,, (010)

= PHLT - 7.70 10910 (D10) - 63.10 (R = .947)
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TABLE 9 - Concluded

Concorde

SV« dB(A) + 1.33 log (D) - 51.72 (R = .941)
« dB(A) + 0.61 log (DIO) - 51.22 (R = .940)
« d2 {A) + 1.11 log (D) - 51.83 (R = .940)

« dB(A) + 2.11 log (NNS) - 49.83 (R = .942)
« dB(A) - 0.68 log (TGO) - 47.53 (R = .940)
« dB(A) - 0.63 log (T70) - 50.39 (R = ,940)
« dB(A) + 0.78 log (Dur) - 57.17 (R = .939)

« dB(A) - 0.39 log (T,) - 50.39 (R = .939)
1 .

® PNL - 0.83 log (D 64.00 (R = .924)

10) B
®  PNLT - 0.35 log (DIO) - 65.76 (R = .921)
A1l Sources

SV« dB(A) - 4.40 log (D) - 47.40 (R = .932)
« dB(A) - 5.37 log (Dyy) - 45.75 (R = .937)
< dB(A) - 5.58 log (0,5) - 46.79 (R = .934)
a dB(A) - 3.57 log (ONS) - 49.10 (R = .926)
« dB(A) - 4.50 Tog (T,,) - 50.77 (R = .933)
« dB(A) - 3.04 Tog (T,q) - 56.71 (R = .928)
« dB(A) - 5.45 log (Dur) - 46.05 (R = .926)
= dB(A) - 5.85 log (T,) - 47.40 (R = .935)

® PNL - 6.47 log (D,,) - 62.95 (R = .933)

10
« PNLT - 6.58 log (D,

D 'x' dB - down duration

Time for which signal exceeded 'x' dB(A)

) - 61.68 (R = .923)

— -
tl u i

Integrated duration correction
Onset duration correction

o

=

w
u

Total audible duration

f)

fond

=
1
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TABLE 10

THE COMPUTATION OF SPECTRAL CHAMNGE

(:) Spectrum 1 1/2 secs. before peak

(:) Spectrum at peak
(:) Spectrum 1 1/2 secs. after peak

(:) Change between times (:) and (:)
<:> Change between times (:) and (:)
Total Change ( (:) + (:) )

Change exceeding dB(A) level
change.

Octave Band Centre Frequency

63 125 250 500 1k 2k 4k &k dB(A)
78 30 81 72 81 75 72 70 83.46
32 84 éS 83 79 78 75 70 85.53
84 85 88 80 74 73 70 68 83.27/
4 4 4 11 2 3 3 0

2 1 3 3 5 5 5 2

6 5 7 14 7 8 8 2

1.67 0.67 2.67 9.67 2;67 3.67 3.67 0.00

Average Change =

** dB(A) level change = ( 85.53 - 83.46 ) + ( 85.53 - 83.27 ) = 4.33




TABLE 11
THE EFFECT OF SPECTRAL CHANGE

B727

SSv « dB{A) - 9.2 log 0ig - 43.9 R =
« PNL - 10.2 leg D10 - 53.3 R =
= dB{A) - 1.3 log D10 + 0.7 s¢c - 57.0 R =
« PHL - 4.4 log D10 + 0.5 sc - 68.7 R =

DC10

SV« dB(A) - 7.2 Tog Dy, - 47.6 R =
« PHL - 7.9 og Dy - 63.3 R =
« dB(A) + 12.2 log D10 + 2.7 sc - 76.3 P =
« PNL + 11.0 loq DIO + 2.6 sc - 91.3 | R =

Concorde

SSV = dB(A) "+ 0.6 log Do - 51.2 R =
« PHL - .08 log D10 - 64.0 R =
« dB(A) + 1.4 log Dig ¥ 1.0 s¢c - 56.0 R =
« PNL -~ .10 log D10 + 1.0 sc - 67.0 R =

A1l Aircraft

SSV « dB(A) - 5.37 log Dig - 48.2 R =
< PNL - 6.47 Tog Dy, - 62.9 R =
« dB(A) - 1.47 log D10 + 0.6 sc ~ 55.3 R =
< PNL - 3.11 log D10 + 0.5 sc - 68.5 R =

sc = spectral change between
points 2 1/2 seconds
either side of peak noise

. 966
.970
.983
.979

.954
.956
.983
.984

.940
.924
.974
.957

.937
.933
.961
.950
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TEST 3TINGLI - STUDY 2
Doppler :
Sound No. Description Duration Shift Spectrum
1 480m flyover 2d B fl
2 480m flyover a B fq
3 480m flyover d/?2 B fl
4 480m flyover at 1/2 speed 2d B/2 f1/2
5 480m flyover at 1/2 speed d B/2 f1/2
6 480m flyover at 1/2 speed d/2 B/2 f1/2
7 240m flyover 2d 2B f2
8 240m flyover . d 28 f2
9 240m flyover d/?2 28 f2
10 240m flyover (filtered) 2d 2B fy
11 240m flyover (filtered) d 2B fl
12 240m flyover (filtered) d/2 2B f1
13 240m flyover (filtered) at
. 1/2 speed ° 2d B f1/2
14 240m flyover (filtered) at
1/2 speed d B f1/2
15 240m flyover (filtered) at
1/2 speed d/2 B f1/2
16 120m flyover (filtered d 4B fy
17 120m flyover (filtered) a/2 48 f2
18 120m flyover (filtered d 4B fl
19 120m flyover (filtered) d/2 4B fl
20 120m flyover (filtered) at
1/2 speed 2D 2B f1/2
21 120m flyover (filtered) at
1/2 speed d 28 f1/2
22 120m flyover (filtered) at
1/2 speed d/2 2B f1/2
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TABLE 13

ARRANGEMENT COF SOUMNDS WITHIN TAPES AND SESSIONS

Tape Order of Sounds

A 7! 208 18t s e

| B 162 73 2l 2t 1P 8>
vesston 1 c 65 157 92 1ol 33 13t
D 20 2l 43 1w 1t gl

B 2l 202 483 64 163

. C L VA | R A - &
sesston 2 D 198 44 22 sl 122 g0d
A st 18! 1P 17l 93 22?

c L 22 st 208 10? 61

_ D 182 213 v 2% 200 13
sesston 3 A 122 ot 152 ot 1t
B nt gl 8 ¢ b 148

D LG VAR SR P AT

_ A 228 ot 2t ot o
vession & B 133 8t 4% 20! 72 16t
c 20 14l 183 2 108 52

%Y where X is the sound number (1-22)
and y is the peak noise level (1-4).
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TABLE 14

MEAN (AND STAMDARD DEVIATIOM) OF PEAK dB(A) VALUES

W 0 N O O W N =

N N N = = = = s = b e s
N = O W W ~N OV U H_H WM = O

86.
85.
87.
87.
87.
86.
86.
86.
81.
85.
85.
85.
85.
87.
85.
86.
86.
84.
84.
86.
87.
86.

Y E g g
00(0.20) 79.25(0.43) 72.50(0.50) 64.75(
25(0.43) 79.50(0.50) 73.25(0.43) 65.25(0
00(0.20) 80.25(0.43) 72.75(0.69) 65.25(
75(0.69) 80.25(0.43) 73.25(1.09) 65.25(0
75(0.69) 79.50(0.50) 73.00(0.20) 65.25(
75(9.43) 80.00(0.71) 72.75(0.69) 65.50(
00(0.20) 79.25(0.43) 72.00(0.20) 64.25(
00(0.50) 79.50(0.61) 71.75(0.97) 64.87(
00(0.20) 79.25(1.09) 71.25(0.43) 65.75(
25(0.43) 80.00(0.20) 72.25(0.43) 66.50(
25(0.43) . 78.50(0.50) 70.75(0.43) 65.00(0.
25(0.43) 80.00(0.20) 72.00(0.20) 65.25(
25(0.43) 80.25(0.43) 72.25(0.43) 65.25(
50(0.50) 80.25(1.09) 71.75(0.43) 66.50(
25(0.43) 79.25(0.43) 73.25(0.43) 65.50(
00(0.20) 78.75(0.43) 70.25(0.43) 65.00(
00(90.20) 78.00(0.20) 71.50(0.50) 65.25(
00(0.20) 78.75(0.69) 70.75(0.43) 64.25(
75(0.43) 78.00(0.20) 70.00(0.20) 64.75(
25(0.34) 79.25(0.34) 73.12(0.61) 66.50(
00(1.22) 80.25(0.43) 73.00(0.69) 65.25(
75(0.43) 79.25(0.43) 72.25(0.43) 66.50(

N LT 05 TR & N § ) RS R - N o S = Y
o W W W O W W W w w
et et e N e e v Nl el el e e e et el ® e? el el e e e

6]
~J

[ L S L S R e T - T © o B o o
O W O O W W = M g W w
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TABLE 15
DURATIONS OF STIMULI (SFCONDS)

Sound 5 dB(A) 10 dB(A) 20 dB(A)  Effective Estimated
Mo, down down down Duration, (Dl) Duration, (D2
1 12.0 19.5 37 7.5 16.0
2 3.5 9.5 - 20 2.7 7.5
3 3.0 6.5 15 1.8 .0
4 13.0 19.0 42 7.6 19.0
5 6.0 10.0 23 3.5 8.0
6 .0 6.5 17 2.6 6.5
7 11.0 20.0 37 6.6 16.0
8 7.0 11.0 20 4.3 9.0
9 3.0 6.0 15 2.8 .0
10 11.0 20.0 30 5.1 15.5
11 6.0 11.0 19 4.0 8.5
12 .0 6.0 15 3.1 6.5
13 14.0 20.0 30 7.8 14.5
14 4.5 10.0 19 2.8 8.0
15 2.5 5.0 12 1.8 4.0
16 8.0 11.0 20 5.5 9.5
17 3.5 £.0 15 2.6 5.5
18 7.5 11.0 19 4.9 8.5
19 2.5 6.5 .15 1.8 5.0
20 8.0 18.0 31 5.1 13.0
21 5.5 10.0 25 4.3 9.0
22 3.5 6.0 13 2.4 4.5
DS’ DlO, D20 were read from graphic level recorder.
D1 is the "effective" duration found from EPNL correction.
D, is the digitally-derived 10 PNABT-down duration.
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TABLE 16

ANALYSIS OF VARIAMCE: TAPE AND TAPE ORDER EFFECTS

Source of Dearees of Sums of Means
Variation Freedom ~ Squares Squares
Session 1 Subject Groups 3 4.779 1.593
Tapes 3 3.343 1.114
Tape Order 3 0.265 0.088
Residual 6 0.426 0.071
Total 15 8.813
Session 2 Subject Groups 3 5.829 1.943
Tapes 3 1.443 0.481
Tape Order 3 0.369 0.123
Residual 6 0.118 0.020
Total 15 7.759
Session 3 Subject Groups 3 4.005 1.335
Tapes 3 4.304 1.435
Tape Order 3 0.120 0.040
Residual 6 0.103 0.017
Total 15 8.532
Session 4 Subject Groups 3 4,106 1.369
Tapes 3 4,730 1.577
Tape Order 3 0.214 0.071
Residual 6 0.280 0.047
Total 15 0.331

* significant at 1% level

™
na

|—

97.
24.

78.

34.
.35

29.
33.

I™

g *
.24

6*

.51
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TABLE 17
ANALYSIS OF VARIANCE: SESSION AND SESSION ORDER EFFECTS

Source of Degrees of Sums of Mean

Variation Freedon Squares Squares. £
Subject Groups 3 | 7178.12 2392.71 81.6 *
Sessions 3 358.85 119.62 4.1
Session QOrder 3 151.63 50.54 1.72
Residual 6 176.10 29.35
Total 15 7864.70

* significant at 1% level

49




TABLE 18

ANALYSIS OF VARIANCE OF RESPOMSES TO SQUNDS HAVING THREE DURATIONS

(ALL SOUNDS EXCEPT MNUMBERS 16-19:

SEE TABLE 12)

Degrees of Sums of Mean
Source of Variation _Freedom Squares Squares F
1. Sounds 5 362.43 72.48 66.5 *
2. Duration : .2 269.24 134.62 115.8 *
3. Peak Noise Level 3 5800.89 1933.63 442.0 *
4. Subjects 39 2756.12 70.67 68.6 *
1X2 10 42.51 4.25 4.54 *
1X3 15 140.70 9.38 8.20 *
1X4 195 213.03 1.09 1.06
2 X3 6 16.89 2.81 2.90 *
-2 X4 78 90.76 1.16 1.13
3X4 117 513.04 4.38 4.25 *
1X2X3 30 61.62 3.05 1.99 *
1X2X4 390 365.32 0.94 0.91
1X3X4 585 669.12 1.14 1.11
2X3X4 234 226.55 0.97 0.94
Residual 1170 1208.34 1.03
Total 2879 12736.56

* significant at 17 level
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TABLE 19
ANALYSIS OF VARIANCE INVESTIGATING THE EFFECTS
OF THE SPECTRAL CONTENT OF THE SOUNDS

(a} Sounds 1, 2, 3, 13, 14, 15 {(Doppler Shift B)

Degrees of Sums of Mean

Source of Variation Freedom Squares Squares F

1. Spectrun 1 115.51 115.51 101.3 *

2. Duration 2 95.63 47.82 47.8 *

3. Peak Level 3 1625.43 541.81 206.3 *

4. Subjects | 39 921.83 23.64 20.6 *
1 X2 2 17.77 . 8.89 10.8 *
1X3 3 10.01 3.34 2.82
1 X4 . 39 44.53 - 1.14 0.99
2 X3 ’ 6 16.77 2.79 2.58
2 X4 | 78 78.28 1.00 0.87
3X4 117 307.53 2.63 2.29 *
1%X2%3 6 15.02 2.50 2.18
1X2X4 78 63.81 0.82 0.72
1X3%4 117 138.78 1.19 1.03
2X3X4 234 254.64 1.09 0.95
Residual 234 . 268.06 1.14
Total 956 3973.61

* significant at 1% level
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TARLE 19 - Continued

(b) Sounds 7-12, 20-22 (Doppler Shift 2B) .

In

Degrees of  Sums of Mean
Source of Variation _Freedom Squares Squares
1. Spectrum 2 75.09 37.54 35.
2. Duration 2 -100.11 50.05 58.
3. Peak Level 3 2699.56 899.85 342.
4. Subjects 39 1366.58 35.04 37.
1X2 4 12.61 3.15
1X3 6 31.32 5.22 5
1 X4 78 82.13 1.05 1
2 X3 6 15.02 2.50 2
2 X4 78 66.95 0.86 0
X 4 117 308.08 2.63 2
1X2X3 12 29.12 2.43 2
1X2Xxa4 156 148.00 0.95 1
1X3X4 234 216.12 0.92 0
2X3X4 234 224.59 0.96 1
Pesidual 668 434.90 0.93
Total 1439 5810.19

* significant at 1% level

L O w

.66
.13
.61
.92

.62
.02
.99
.03
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TABLE 19 - Continued

(c) Sounds 16-19 (Doppler Shift 4p3)

Degrees of Sums of Mean
Scurce of Variation Freedom Squares Squares F
1. Spectrum .1 73.58 73.58 73.6 *
2. Duration 1 25.20 25.20 54.0 *
3. Peak Level 3 1222.12 407.34 219.0 *
4. Subjects 39 573.84 14.71 21.2 *
1X2 1 9.75 9.75 8.6 *
1X3 3 18.09 6.03 6.7 *
1X4 39 39.36 1.00 1.4
2 X3 3 8.79 2.93 3.0
2 X 4 o 39 18.23 0.47 0.7
3X4 117 217.94 1.86 2.7 *
1X2X3 3 10.24 3.41 4.9 *
1X2X4 39 44,43 1.13 1.6
1X3X4 117 100.72 0.86 1.2
2 X3X4 117 113.52 0.97 1.4
Residual 117 81.32 0.70
Total 639 2557.15
* significant at 1% level
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TABLE 20

ANALYSIS OF VARIANCE INVESTIGATING THE EFFECTS

(a) Sounds 4, 5, 6

OF DOPPLER SHIFT

1
> 133

14, 15, 20, 21, 22 (Spectrum f

1/2

)

Source of Variation

ot
.

2
3.
4

Doppler Shift

Duration

Peak lLevel

Subjects

1

1

W NN e

1
2

X2
X3
X 4
X3
X4
X 4
X2X3
X2X4
X3X4
X3X4

Residual

Total

* significant at 1% level

Deérees of Sums of Mean

Freedom Squares Squares

2 310.38 155.19

2 184.20 92.10

3 3398.05 1132.68

39 1397.33 35.83

4 11.76 2.94

6 78.67 13.11

78 87.56 1.12

6 13.52 2.25

73 77.08 0.99

117 316.39 2.70

12 24.84 2.07

156 172.46 1.10

234 310.72 1.33

234 227.87 0.97
486 456.91
1439 7076.75

E

138.
93.
420.
36.
2.
9.

W O W N W NN

o

5
4
0

et
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TARLE 20 - Continued

(b) Sounds 2, 3, 11, 12, 18, 19 (Spectrum fl)
Degrees of  Sums of Mean
Source of Variation Freedom Sguares Squares F
1. Doppler Shift 2 41.76 20.38 26.6
2. Duration 1 .11.05 11.05 9.9
3. Level 3 1486.86 495.62 263.6
4. Subjects 30 868.37 - 22.27 20.7
1X2 2 : 23.91 11.95 1.7
1X3 6 20.29 3.38 3.4
1X4 78 63.49  0.81 0.7
2 X3 3 5.43 1.81 1.8
2X4 . 39 43.66 1.12. 1.0
3X4 » 117 220.60 1.83 1.8
1X2X3 6 10.77 1.80 1.7
1X2X4 78 52.51 0.67 0.6
1X3X4 234 232.12 0.99 0.9
2X3X4 117 118.03 1.01 0.9
Residual 234 251.13 1.07
Total 956 3443.99

* significant at 1% level
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TABLE 20 - Continued

(c) Sounds 8, 9, 16, 17 (Spectrum f2)

Deqrees of Sums of Mean

Source of Variation Freedom Squares Sguares F
1. Doppler Shift 1 8.56 8.56 13.4
2. Duration | 1 ©12.10 12.10 11.4
3. Peak Level 3 1292.00 430.67 222.3
4. Subjects 39 604.37 15.50 21.1
1X2 1 ' 2.50 2.50 3.9
1X3 3 13.60 4.53 4.4
1X4 39 24.82 6.64 0.9
2 X3 3 21.16 7.05 6.5
2 X4 39 41.27 1.06 1.4
3X4 117 226.62 | 1.94 2.6
1X2X3 3 1.51 0.50 0.7
1X2X4 39 24.87 0.64 0.9
1X3X4 117 120.02 1.02 1.4
2X3X4 117 126.46 1.08 1.5
Residual il7 86.11 0.74
Total 639 2605.99

* significant at 1% level
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TABLE 21

CORRELATION COEFFICIENTS OF MEAN SUBJECTIVE SCALE VALUES
AND THE RATING SCALES

Correlation Coefficient

dB(A) dB(B) dB(C) dB(D) PNL MKVII PNLT EPHL

SV .933  .941 .953 .938 .942° .945 .949 .965

Standard Errors of Estimate

Rating Scale Standard Error

dB(A) 3.008
dB(B) 2.854
dB(C) 2.572
dB(DZ) 2.925
PNL 2.930
MKVII 2.672
PNLT 2.759
EPNL 2.354
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TABLE 22

REGRESSIONS OF SSV's AND VARIQUS RATING SCALES
AND DURATION CORRECTIONS

SSV = .18(dB(A) + 10.99 Tog D ) - 12.0 R

1

= .18(dB(A) + 10.18 Tog D,) - 11.3 R

2)

= .18(dB(A) + 8.83 log D;) - 11.4 R
= .18(cB(A) + 9.50 Tog Dy,) - 11.9 R
= .18(dB(A) + 13.5 log D) - 13.4 R
= .18(dB(D,) + 8.86 log D) - 12.6 R
= .18(dB(D,) + 8.03 Tog D,) - 12.0 R
= .18(dB(D,) + 6.91 Tog D) - 12.0 R
= .18(dé(b2) +7.64 log Dy,) - 12.6 R
= .18(dB(D,) + 11.03 log D,q) - 13.76 R
= .17(PNL + 9.08 Tog D;) - 13.1 R
= .17 (PHL + 8.30 log D,) - 12.5 R
= .17 (PHL + 7.14 Tog Dg) - 12.6 R
= .17 (PNL + 7.90 log Dlo) - 13.1 R
= .17 (PNL + 11.36 Tog D,,) - 14.2 R

D2 is an estimated 10-dB down duration.

D, is the "effective" duration found by intearation

1
Ds DlO’ D,y are the 5, 10 and 20 dB(A) - down durations

measured from a graphic level recorder.
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Figure 1.- Least-squares regression lines of SSV on peak dB(A)
for each aircraft type.
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Figure 2.- Derivation of equal annoyance level.
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Figure 3.- Mean subjective scale values plotted against duration
for each peak level (L1'L5) - B737.
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Figure 5.- Mean subjective scale values plotted against duration
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Figure 6.- The regression of equal annoyance level on the
percentage of A-weighted high frequency energy (HF).
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Figure 7.- The regression of equal annoyance level on

spectral change.
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Figure 8.- One-third-octave spectra of the B727 flyovers.
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Figure 9.- Typical one-third-octave peak spectra of flyovers.
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(c) Flyover number 17 (120 metres )
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Figure 9. concluded.- Typical one-third-octave peak spectra of
flyovers.
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Figure 10.- The relationship between equal annoyance level
and duration. (The numbers assigned to the sounds
refer to the experimental design).
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Figure 17.- The relationship between equal annoyance levels

and Doppler shift (the numbers assigned to the
sounds refer to the experimental design).
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