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I INTRODUCTION

The objective of this study was to compare commonly employed frequency
weightings and calculation rating schemes with respect to their ability to
predict the subjectiv: effect of sound. Toward this end, it was necessary to
collect, assimilate, and analyze the available data from both the laboratory
and the field. Such data included those published in the open literature, as
well as unpublished laboratory data. Only those studies that contained both
a spectral analysis into third-octave or octave bands and subjective measure-
ments could be incorporated into this evaluation. We did not examine many
published data on the loudness of wholly artificial soundsjin order to give
priority to natural sounds, to simulated sounds, and to noises with tonal
components.,

This report presents the results of a detailed examination of 23 studies
in which listeners judged either the loudness or acceptability (annoyance,
objectionability, etc.) of sounds. These studies encompassed a wide variety of
natural and simulated noise stimuli. The following parameters were examined in
detail: (1) subjective attribute judged, (2) type of noise (e.g., aircraft,
industrial, etc.), (3) presence or absence of tonal components, (4) mode of
sound presentation, (5) effect of sound pressure level on observed discrepan-
cies between measurements and predictions. Each of these factors is considered
separately in the body of this report. Included in this final comparative anal-
ysis are computations of absolute mean differences between subjectively equal
sounds, mean differences between calculated and measured levels, and standard

deviations for each frequency-weighting and calculation system.

II  OVERALL RESULTS

Table I identifies the 23 studies that were evaluated and summarizes their
relevant characteristics. In most of these studies sounds were matched by
listeners either to each other or to a standard sound. For every study eleven
overall values were calculated based on six different frequency-weighting func-
tions and five different calculation schemes. (The eleven functions and schemes

are listed in the legend of Table II.) Third-octave-band pressure levels at



TABLE I.

SUMMARY OF 23 STUDIES

In most of these studies, sounds were matched by listeners to either esch other or to a standard.

LEGEND:
Type of Spectrum

Neg.=negative slope
Pos.=positive slope

Anglysis

T=third-octave-bsnd pressure levels

O=octave-band pressure levels

Mode of Presentation

DF=di ffuse field
FF=free field

Atctribute Judged
Laloudness
A=annoyance,

Mixed=various spectra phones=earphones acceptability, etc,
NUMBER AND OVERALL TYPE OF MODE OF JUDGED TONAL
AUTHOR (S) YEAR _ TYPE OF NOISES SPLs SPECTRUM ANALYSIS PRESENTATION ATTRIBUTE(S) COMPONENTS
Berglund et al. 1976 3 aircrafg, 57-99 neg. T phones L no
jackhammer,
piledriver
Borsky 1974 3 aircraft 75~100 neg. T DF A yes
Copeland et al. 1960 5 sircraft 90-~103 neg.,flat O DF L, A no
Fishken 1971 13 artificiael 30-93 flat T phones L yes
Hillquist 1967 21 trucks 80-105 neg. 0 FF A no
Jahn 1965/ 66 10 machine 74 mixed T (0) FF L ?
Kryter 1959 8 aircraft 80-103 neg.,flat O DF A no
Kryter & Pearsons 1963 9 artificial 79-91 mixed T DF A no
Little 1961 2 jet engines 94~99 flat 0 DF A yes
Lubcke et al. 1964 20 machines 40,80 flat,mixed T FF,phones L no
Molino 1976 5 environmentel 45-80 mixed T DF L no
Pearsons & Bennett 1969  50-70 real and 64-91 mixed T FF A yes
simulated sfrcraft
Pearsons et al, 1968 72 artificial 59-110 mixed T FF L, A yes
Pearsons & Wells 1969 19 artificial 78-91 mixed FF A yes
Quietzsch 1955 37 machines, 47-98 mixed 0 FF, DF L no
motors, etc,
Rademacher 1959 24 motorcycles 71-87 neg. 0 FF L no
Robinson & Bowsher 1961 5 helicopter 88-97 wixed T DF L, A no
Spiegel 1960 20 artificial 45-84 - mixed T DF L no
Wells (afrcraft) 1970 30 aircraft 73-83 mixed,flat T FF A yes
Wells (unpubl,) c,1970 33 aircrafe 74-86 mixed,flat T FF A yes
Wells (300,400) 1969 102 artificial 70-95 mixed T FF A yes
Wells (UHV) 1972 25 transmission 57-78 flat T FF A yes
lines
Yaniv 1976 11 household 40,50 mixed T phones L no
appliances 60

------------ X e e g gy g g6 ey



frequencies from 25 or 50 Hz to 10,000 Hz were the input. (If a study gave
only octave-band levels, these were converted to third-octave-band levels by
setting each group of three third-octave bands equal and adjusting the level
in each accordingly.) Figures 1 to 4 are computer plots of the A, pi, D2, and
E frequency weightings. These plots encompass the entire audible spectrum
between 10 and 20,000 Hz. However, in the actual calculations spectral energy
below 25 Hz and above 10,000 Hz were not included.

The computer program for the eleven frequency-weighting and calculation
schemes was a modified version of one furnished by the National Bureau of
Standards. The derived values were compared directly to jury ratings.

Table II shows the standard deviations of the calculated levels for all
those studies for which a meaningful measure of a calculation system's vari-
ability could be derived. Of the 23 studies, 20 are included in this overall
summary. All 20 produced either a known loudness level against which the cal-
culated level could be compared or they contained a large group of sounds that
were judged approximately equal in perceived magnitude. Borsky's (1974) was the
only study that did not require listeners to match sounds to a standard sound,
but his category estimations permitted a determination of which sounds were
approximately equally annoying. The experiments represented in Table II involved
many kinds of sound presented over a wide range of sound pressure levels and
with different instructions and modes of presentation. Nevertheless, at the
bottom of the table, the overall means and their standard deviations as computed
across studies are shown.

Before discussing the results of this analysis, it is first necessary to
explain what information the individual standard deviations con#ey. Although
the number of observers used in each study varied widely from study to study,
this number did not enter into the computations. The number of experimental
conditions denoted by "N" and the number of different sound spectra denoted by
"n" did influence decisions as to what parts of a study to combine in calculat-
ing the standard deviation.

Standard deviations were first computed from a group of sounds within a
study that were equated either to a common standard or to each other. Within
a group it was possible to have some variation in SPL, in temporal patterms,

in spectra, and in tone-to-noise ratio. Whenever appropriate, the standard
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TABLE II.

VARIABILITY OF CALCULATED LEVELS OF NOISE,

(Standard deviations in dB computed either from the calculated levels of & group of sounds judged subjectively

equal or from the differences between calculated and judged levels.

The smaller the standard deviation, the

closer the scheme comes to predicting the subjective equality of a set of sounds.)

NUMBER MARK
STUDY N/n OBSERVERS A B C D1 D2 E Vi Vil PNL PNLC 201
Berglund et al. 18/3% 30 4.6 4.6 4.6 4.6 4.6 4.6 3.8 3.9 5.6 5.6 3.7
Borsky 13/13* 319 3.6 3.0 2.8 3.3 3.5 3.3 3.0 3.0 3.8 4.2 3.4
Fishken 84/ 12% 12 3.5 3.7 3.7 4.5 4.5 4.2 4.2 4.2 3.8 3.6 2.8
21/3* 8 4.5 4.6 4.6 4.4 4.4 4.4 4.4 5.4 3.4 3.5 3.7
Jahn 10/10 28 1.3 1.3 1.4 1.2 1.3 1.2 0.9 0.9 1.0 1.5 0.8
Kryter 17/17% 4-100 2.4 5.3 6.5 3.4 2.6 3.7 2.5 2.9 2.8 2.6 1.7
Kryter & Pearsons 9/9 13-19 3.5 4.8 5.4 2.8 3.1 2.8 2.1 1.9 2.1 2.2 3.7
Lubcke et al. 11/11 12 2.0 2.2 2.3 1.6 1.7 1.5 2.5 1.8 1.8 1.4 1.5
20/20 12 2.3 2.1 2,2 2.6 2.8 2.6 2.1 2.0 2.2 2.3 1.6
Molino 18/ 5% 7 4.4 4.6 5.6 2.9 2.9 2.9 2.4 1.8 2.5 2.6 2.6
Pearsons & Bennett 30/30 20 4,3 4.5 4.7 3.5 3.7 3.3 2.8 2.8 2.9 2.2 3.7
20/20 20 1.7 4.0 4,8 1.4 1.4 1.7 1.3 1.5 1.3 1.3 1.8
Pearsons et al. 108/ 54% 20 6.5 5.1 5.3 2.5 2.8 3.0 2.2 2.2 3.0 2.6 2.1
Pearsons & Wells 19/19* 20,30 2.8 3.4 3.6 1.8 1.8 1.9 2.4 2.3 2.5 2.7 2.6
Quietzsch 27/27 20 4.2 4.4 5.7 4.0 4.3 4.2 3.1 3.2 4.0 4.2 3.3
10/10 20 3.8 6.3 7.0 3.3 2.9 3.8 2,5 2,5 2.6 2.8 2.5
Rademacher 24/24 20-25 2.2 2.6 3.2 1.8 2.0 1.9 1.6 1.7. 1.6 1.7 1.6
Robinson & 10/ 5% 558 1.9 2.8 3.1 1.4 1.5 1.9 1.2 1.6 1.1 1.4 0.9
Bowsher
Spiegel 20/20 10 4.7 6.2 6.8 4.2 4.0 4.2 2.4 1.9 3.2 3.7 2.4
20/20 10 5.3 4.9 5.1 3.5 4.l 3.6 2.6 2.6 2.9 3.2 3.0
Wells (aircraft) 30/30 35 1.6 2.4 3.5 1.2 1.3 0.9 1.2 1.2 1.3 1.7 2.2
Wells (unpubl,) 33/33* 30 1.1 1.7 2.1 1.3 1.3 1.1 0.9 0.9 1.2 1.6 1.1
Wells 300 42/42 30 3.7 5.2 6.6 2.4 2.7 2.1 2.1 2.2 2.3 2.4 5.3
Wells 400 60/60 30 2.5 4.2 4,9 2.5 2.0 2.6 2.5 2.6 2.5 1.8 3.1
Wells UHV 25/25 31 1.5 0.9 1.4 1.3 1.5 1.3 L.1 1.0 1.3 1.4 0.9
Yaniv 11/11 10 1.6 2.4 4,2 2.2 2.3 1.6 --- 2.6 4.6 4.9 2.0
11/11 10 2.0 1.7 3.4 2.4 2.7 1.7 2.7 1.5 2.7 3.2 0.9
11/11 10 2.6 1.2 2.8 2.9 3.3 2.1 1.7 1.4 2.7 3.1 1.4
Mean SD 3.08 3.58 4,19 2.66 2.75 2.65 2.30 2.27 2.60 2.69 2.37
SD of SDs L.4 1.6 1.6 1.1 1.1 1.1 0.9 1.0 L.1 1.1 L.1
LEGEND
N = number of conditions (e.g. different SPLs, Mark VI = ANSI S 3.4 (R1972) procedure for the
" instructions, tone-to-noise ratios) computation of noise
= number of different spectra Mark VII = based on modification of Mark VI
= standard deviation based on average of (S. S. Stevens, JASA, 1972, 51)
two or more distinct sets of messurements PNL = perceived nolse level
A,B,C = standard sound-level meter weightings PNLC = PNL with tone correction as per FAA36
D1 = meter weighting adopted by IEC ZWI = based on Zwicker's loudness calculation
01 = velghing velves sggeseed by K. Koy e e Tt e
E = weighting values proposed for trial and (FF) and diffuse-field (DF) valuee used

study by ANSI

as appropriate. For earphone listening,

FF values used.



deviations from different portions of a single study were combined. For instance,
standard deviations within a study were combined when "n" was smaller than 10.
The studies by Berglund et al. (1976), Molino (1976), and Robinson and Bowsher
(1961) fall into this category. We also combined standard deviations within a
study when the sound spectra were fairly homogeneous as in Borsky (1974), Fishken
(1971), Kryter (1959), and Wells (c.1970). Similarly, the standard deviations
within a study were combined when the attribute judged and the spectra were the
same but two different groups were used as in Pearsons et al. (1968) and Pearsqns
and Wells (1969). Large N therefore indicates the total number of experimental
conditions for a given study or for a portion of the study. For a complete
breakdown of the standard deviations within a study the reader is referred to

the summary sheets and printouts in the Appendix.

The column labeled ZWI in Table II refers to calculated values based on
Zwicker's system adjusted for either free-field or diffuse-field presentation.
The breakdown of studies into these two categories is listed in Table I. For
the purpose of this analysis the four studies that used earphones were placed
into the free-field category.'

In general, the magnitude of the standard deviations shown in Table II
appear to be related to the complexity and heterogeneity of the stimuli. When
the sound spectra are fairly homogeneous as in the studies by Rademacher (1959),
Robinson and Bowsher (1961), and Wells (1970, c.1970, 1972) the standard devia-
tions are quite small. By comparison, the introduction of multiple pure tones
or wide variations in temporal patterns produces large increases in the magni-
tude of the standard deviations (e.g., Fishken, 1971, Pearsons and Bennett,
part 1, 1969, Pearsons et al. 1968, Wells 300-400, 1969). The blank seen in
the Mark-VI column for Yaniv's (1976) data results from a limitation of the
Mark-VI calculation system for noises that contain energy peaks below 40-dB SPL
in the frequency range below 100 Hz.

The overall summary presented in Table II reveals that the differences
among the means and standard deviations of the standard deviations are quite
small when compared across frequency weightings and calculation schemes.

Among the frequency weightings, the B and C weightings produce the largest vari-
ability; the D and E weightings produce the smallest variability, while the A

weighting produces an intermediate value. However, the magnitude of the



10

differences, with the exception of the C weighting, is on the order of 1.0 dB.

On the average, the standard deviation for the D and E weightings are only about

a third of a decibel larger than those for three of the five calculation schemes.
(The same picture emerges if instead of a simple mean of each column of standard

deviations, we compute the RMS values by adding up the squared deviations, divid-
ing by the total n, and taking the square root.)

In contrast to the larger group of experiments shown in Table II, in one
group of five studies members of pairs of noises were subjectively matched to
each other but no large group of sounds was matched to a common standard. This
group of experiments was not amenable to computation of standard deviationms.
Parts of the Berglund et al. (1976) and Pearsons et al. (1968) studies in addi-
tion to the experiments of Copeland et al. (1960), Hillquist (1967) and Little
(1961) fell into this category. Analyses of this group of studies are based on
a very simple concept: If two sounds of a pair are judged subjectively equal
with respect to either loudness or acceptability, does the weighting or calcula-
tion system predict this zero difference in perceived magnitude? 1In order to
answer this question, mean differences between the calculated values of subjec-
tively equal sounds were computed for each study.

Table III presents the results of the calculations of the absolute values
of mean differences. The column labeled N/n does not have the same meaning as
in Table II. The number of different sound spectra is again denoted by "n" but
"N" represents the number of sound pairs within a given experiment rather than
the number of experimental conditions. The value of N was used directly for a
determination of average mean differences for a given experiment and for a
specific weighting or calculation system. For example, the Berglund et al.
(1976) experiment produced seven subjectively equal pairs of sounds but only
two different sound spectra were involved. On the other hand, the Hillquist
(1967) study resulted in 21 equally matched pairs but all 21 sounds had
somewhat different spectra. Thus, in the Berglund et al, study, N is 7 and
in the Hillquist study it is 21,

An explanation also appears in order for the Copeland et al. (1960) and
Pearsons et al, (1968) analyses. In each study, the same sound spectra were
presented to two groups of listeners with a different set of instructions.

One group pf listeners was asked to match the sound pairs in loudness and the
other group was asked to match the pairs for equal disturbance or acceptability.

Table III considers each series of mean differences separately.
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TABLE IIT., MEAN DIFFERENCES (ABSOLUTE VALUES) WITHIN PAIRS OF SUBJECTIVELY EQUAL SOUNDS

MARK
STUDY N/n A B C D1 D2 E VI VII PNL PNLC ZWI
Berglund et al. 7/2%* 2.8 1.6 4.7 1.3 2.6 1.7 1.0 2.4 1.3 1.9 1.1
Copeland et al. 4 [ 5%* 1.5 3.9 5.2 0.9 0.7 1.5 1.0 1.3 0,9 0,8 1.3
4/ 5% 1.6 4.9 6.2 1.8 0,9 2.5 2.0 2,3 1.8 1.6 1.0
Hillquist 21/21% 1.9 2.6 3.0 2.2 1.9 2.1 1.5 1.7 1.8 = 1.2
Little 1/2% 5.4 5.5 5.6 6.1 6.0 6.1 5.9 6.8 5.9 5.9 5.3
Pearsons et al. 10/ 10* 4.7 4.6 4.6 4.8 50 4.9 5.1 5.3 4.3 5.3 7.0
10/ 10%* 1.3 1.1 1.1 0.9 .9 1.0 1.5 1.2 0.6 1.3 2.2

N = number of pairs

n = number of different spectra

*0Observers judged acceptability or disturbance of sound

*%0Observers judged loudness
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In the study by Copeland et al. (1960), when listeners judged loudness
the absolute mean differences between the calculated values were smaller than
when they judged disturbance, but the difference is usually less than 1.0 dB.

The Pearsons et al. (1968) study yielded much larger differences between
loudness and acceptability matches. The absolute mean differences between the
calculated values of sound pairs are about 3 to 4 dB larger for acceptability
than for loudness. The mean differences in the Pearsons et al. (1968) study
for acceptability are about as large as those in the study by Little (1961)
whose listeners judged the two jet sounds for equal annoyance.

Both the Little (1961) and Pearsons et al. (1968) studies involved judg-
ments of auditory magnitudes other than loudness. Further, in contrast to the
aircraft noises used by Copeland et al. (1960), Little (1961) and Pearsons
et al. (1968) introduced tonal components into their stimuli. Although Table
ITIT includes few data, they do suggest that none of the evaluated frequency
weighting or calculation schemes performs well when both the complexity of
the judged attribute and the heterogeneity of the sound spectra are increased.

Table IV presents the mean differences in dB between calculated and mea-
sured loudness levels. Whereas the standard deviationms provide information
with respect to a calculation system's variability or reliability, the mean
differences in Table IV tell us about the extent of the disparity between the
perceived and predicted magnitudes. When a calculation system is evaluated, it
is important to know not only how variable it is but also how well it predicts
the perceived magnitude as reported by the typical human observer. The vari-
ability of a given system may be quite small, but it may predict perceived
levels consistently different from what the average listener reports, thereby
decreasing its validity or accuracy. If a frequency weighting or calculation
system 1s to have validity or meaning in terms of the output of the human
observer, then it is necessary to be concerned with not only the system's
variability but also its ability to predict the judged levels. (Of course, if
the error is a constant, correcting for it is a trivial matter, but as is
shown below, the error is far from being a constant for any of the frequency
weightings or calculation schemes.) For a discussion of the important distinec-
tion between variability or precision and validity or accuracy, see S. S.
Stevens (1972).



TABLE IV, MEAN DIFFERENCES

(dB) (CALCULATED MINUS

OBSERVED LEVELS)

See Legend for Table II.

MARK

STUDY N/n A B C D1 D2 E VI VII PNL PNLC _ ZWI
Berglund et al. 18/3*% -12.9 -4.7 -2.2 -4,1 -6.7 -6.3 2.5 -6.0 -0.4 -0.6 8.6
Fishken 84/12% -4.8 -5.1 -5.1 2.1 2.0 0.3 4.9 -1.7 5.5 10.7 7.8
21/3* -1.0 -1.7 -1.7 5.8 6.0 2.9 8.8 1.3 9.9 15.6 11.2

Jahn 10/10 -11.9 -10.8 -10.3 -5.1 -5.3 -7.7 -0.3 -7.8 1.1 2.3 5.1
Kryter & Pearsons 9/9 -8.9 -7.6 -7.0 =-2.3 -2.2 -3.7 0.3 -7.3 2.1 5.3 4.1
Libcke et al, /11 -18.8 -16.9 -16.0 -13.0 -13.3 -14.8 -8.6 -13.3 -9.4 -8.2 -2.4
20/20 -17.3 -15.7 -14.9 -11.7 -11.8 -13.3 -6.2 -14.0 -5.2 -3.7 -0.7
Molino 18/5%* -6.5 -4.8 -3.1 -7.5 -1.0 -2.4 6.4 -1.0 5.1 6.3 12.3
Quietzsch 27/27 -14.6 -13.0 -11.6 -8.3 -8.6 -10.3 -3.5 -11.0 -2.5 0.5 1.8
10/10 -13.0 -9.4 -7.8 -6.9 -7.5 -7.9 -1.4 -7.6 -2.9 -1.0 4.7

Rademacher 24/24  -8.8 -4.2 -2.4 -2.1 -3.0 -3.7 1.7 -5.3 3.9 6.3 8.0
Spiegel 20/20 -12.8 -10.9 -10.0 -6.7 -7.0 -7.6 -1.5 -9.4 -3.9 -1.8 1.0
20/20 ~-11.9 -10.0 -9.0 =-5.8 -6.2 -6.8 -2.8 -10.9 -2.3 1.0 0.7

Yaniv 11/11 -7.3 -3.9 -1.3 -1.7 2.4 -3.6 - -4.3 -1.5 -0.1 6.3
11/11 -10.3 -6.9 -4.3 4.7 -5.4 -6.6 0.2 4.9 -0.9 0.5 6.5

11/11 -11.8 -8.4 -5.8 -6.2 -6.8 -8.1 0.9 -6.3 -0.9 0.4 6.2

Mean of Mean diffs. -10.8 -8.4 -7.0 -4.9 -5.0 -6.2 -0.13 -6.8 -0,1 2.1 5.1
SD of Means 4,53 4.36 4,63 4.68 4,84 4.55 4.54  4.29 4,69 5.70 4.16
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Ten of the twenty studies shown in Table II (on variability) are repre-
sented in Table IV. The designation N/n has the same meaning as in Table II.
Hence, individual portions of a given study were combined in the same manner
and for the same reasons as in Table II. All of the ten studies involved
matches against a known calibrated standard from which a loudness %evel could be
determined. Except for the study by Berglund et al. (1976) which used a white-
noise standard, the standard sound was either a 1000-Hz tone or an octave or
1/3-octave band of noise centered at 1000 Hz. The measured loudness levels for
these studies are listed in the computer printouts in the Appendix.

The loudness levels of the white-noise standard in the Berglund et al.

(1976) study were computed from the graph in Fig. 5 which shows how the loudness
level of white noise depends on its overall SPL. Figure 5 covers a range from
56 to 105 dB SPL. The loudness levels for white noise were adopted from a
graph by Scharf (in press) that shows the relationship between the loudness
functions for white noise and a 1000-Hz tone.

According to Table IV, with the exception of the PNLC and Zwicker systems,
all of the calculation and weighting schemes tend to underestimate perceived
magnitude. The overall mean of the mean differences produces the largest dis-
crepancy between calculated and measured loudness levels for the A, B, and C
weightings and the smallest discrepancy for the Mark VI and PNL calculation
schemes. We should note, however, that the means calculated for the Mark VII
system were not adjusted for the 8-dB difference in loudness level produced by
equally loud 1000- and 3000-Hz tones (Stevens, 1972). When this adjustment is
made, the outcome of the Mark VI and Mark VII systems is about the same. Never-
theless, as pointed out with respect to Table II, the shortcoming of Mark VI
is again apparent for the stimuli analyzed by Yaniv (1976), at 40 dB SPL. Whéreas
the mean of the mean differences shows a wide variation across frequency-weighting
and calculation schemes, the standard deviation of the mean remains fairly constant.
Moreover, the magnitude of the standard deviations across weighting and calculation
schemes is quite large. It ranges from 4.2 dB for Zwicker’s system to 5.7 dB for
PNLC. We shall see in Table V that these large standard deviations may be due to
the fact that four of the ten studies (Fishken (1971), Kryter and Pearsons (1963),
Quietzsch (1955), and Spiegel (1960)) employed either artificial sounds including
tonal components, or a wide assortment of sound spectra that were already ahown in

Table II to contribute heavily to overall variability.
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ITT ANALYSIS ACCORDING TO FIVE PARAMETERS

In this section subgroups of the 20 studies summarized in Table II are
compared according to the categories delineated in section I. This type of
analysis was performed to ascertaln whether it would reveal more information
about a specific weighting or calculation scheme than the general analysis.
Table V shows the effect on standard deviation of four parameters. For each
parameter, the unweighted mean of the relevant standard deviation is given.

The fifth parameter, effect of sound pressure level on observed discrepancies
between measurements and predictions, is graphically displayed in Figs. 6 to 11.

1. Attribute Judged

For this analysis the studies were subdivided into two broad categories
according to whether listeners were asked to judge loudness or some other
attribute of sounds such as noisiness, disturbance, acceptability, etc.
Acceptability was chosen as the second broad category because acceptability was
commonly used as a verbal description in the instructions presented to the lis-
tener. Nine studies were clearly classiﬁied in the loudness category and ten
were placed into the acceptability category. Table V suggests that the relative
reliability of the 11 schemes is the same for the two sets of studies. However,
the standard deviations are larger when the listeners were asked to judge the
loudness than when asked to judge the acceptability of noises. This difference
is probably not meaningful. We believe that several of the studies in which
loudness was judged happened to yield larger standard deviations not because of
the judged attribute, but because of other factors such as greater heterogeneity
of spectra (e.g., Quietzsch, 1955) or levels (e.g., Fishken; 1971).

2. Type of Noise

Part 2 of Table V provides an analysis of standard deviations according to
type of noise. The studies in Table II were subdivided into six groups: air-
craft, industrial, vehicle, household, artificial, and miscellaneous noises. A
study was placed in a given category when most of the stimuli were of the same
type. For example, the study by Kryter and Pearsons (1963) was placed into the
artificial category even though two of the nine sounds were recorded aircraft
noises. In addition, all of the studies that used single and multiple pure tones
were classified as artificial. Only three studies did not fit easily into a



TABLE V. EFFECT ON STANDARD DEVIATION OF FOUR PARAMETERS

(Standard Deviations in dB)

See Legend for Table II.

No. of

STUDIES/
VARIABLE SDs A B C D1 D2 E \'28 VII PNL PNLC ZW1
1. Attribute Judged
Loudness 9/15 3.3 3.5 4.2 . 3.2 3.0 . . 3.2 2.3
Acceptability 10/12 2.9 3.7 4.3 2.3 2.3 2.3 2, . . 2.2 2.6
2. Type of Noise
Aircraft 7/8 2.0 3.0 3.5 1.9 1.8 2.0 1.5 1.6 1.9 2.0 1.6
Industrial 3/4 2.7 2.7 2.8 2.7 2.8 2.7 2.5 2.4 2.9 1.7 2.1
Vehicle 1/1 2.2 2.6 3.2 1.8 2.0 1.9 1.6 1.7 1.6 1.7 1.6
Household 1/3 2.1 1.8 3.5 2.5 2.8 1.8 2.2%% 1.8 3.3 3.7 1.4
Artificial 6/9 4.3 4.8 5.2 3.4 3.5 3.4 2.8 2.9 3.1 2.8 3.3
Miscel. 3/4 3.5 4.1 4.9 2.9 2.9 3.1 2.3 2.2 2.6 2.8 2.3
3. Tonal Components
Present 9/12 3.1 3.6 4.0 2.6 2.5 2.3 2.4 2.4 2.4 2.7
Absent 10/15 3.2 3.7 4.5 . 3.0 2.9 2.4 2.2 2.8 3.0 2.2
4, Mode of Sound Presentation :
Free Field 11/ 14 2.7 3.1 3.7 2.1 2.2 2.1 1.9 1.9 2.1 2.1 2.3
Diffuse Field 7/8 3.7 4.7 5.3 3.1 3.1 3.3 2.3 2.3 2.8 2.5
Earphones 3/6 3.1 3.1 3.9 3.5 3.6 3.1 3.4 3.2 4.0 2.4
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specific category and were placed into a miscellaneous classification. These
studies included the five environmental noises used by Molino (1976), the 37
mixed group of noises used by Quietzsch (1955), and the 25 ultra-high voltage
transmission-line noises used by Wells (1972).

The results in Part 2 of Table V confirm the conclusions drawn from the
overall summary of standard deviations in Table II. First, regardless of type
of noise the B and C weightings produce larger standard deviations than either
the D and E weightings or the Mark VI, Mark VII, PNL, and Zwicker calculation
schemes. Although the A weighting fares about the same as the D and E weight-
ings for relatively homogeneous stimuli in the aircraft, industrial, and vehi-
cle categories, it clearly becomes worse for both artificial and miscellaneous
sounds. Second, the size of the standard deviations is related to the complex-
ity and heterogeneity of the stimuli. The categories designated artificial
and miscellaneous show the largest standard deviations across weighting and
calculation schemes but within these categories Mark VI and Mark VII produce
the smallest standard deviations. The system designated PNLC, which includes
a correction for tonal compohents, does not reduce the variability of these
data.

3. Tonal Components
Part 3 of Table V groups the studies according to the presence or absence

of tonal components. (A study was classified as having tonal components
according to the author's designation.) Broken down this way, the results sug-
gest that those studies in which tones were absent tend to be more variable
than those in which tones were present. This conclusi.n, however, may be a bit
misleading because the dual grouping in Part 3 does not take into account the
problem of stimulus complexity and heterogeneity as shown in ngi 2. For
instance, five of the nine studies involving tonal components dged’fairly homo-
geneous spectra whereas five of the ten studies thgt did not include tones
employed widely disparate spectra. The study of Wells (1970) is an example of
the former category and the studies of Quietzsch (1955) and Spiegel (1960) are
examples of the latter category. Hence, a proper analysis of the effect of
tonal components on standard deviations requires that the interaction with other

stimulus features be taken into account.
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4, Mode of Sound Presentation

Part 4 of Table V deals with the effect of mode of sound presentation on

the standard deviations. The same studies were regrouped into three categories:
free-field, diffuse-field, and earphone presentation. This breakdown reveals
that, with the exception of Zwicker's system, all of the weighting and calcula-
tion systems result in the smallest standard deviations under free-field condi-
tions. In a diffuse field, the standard deviations increase somewhat across
calculation systems but the increase is smaller than across weighting schemes.
On the other hand, when earphones were used the standard deviations are large
for both the weighting and calculation schemes. Only Zwicker's system, which
explicitly takes into account the mode of sound presentation, gives approxi-
mately the same standard deviations for all three modes.

5. Effect of Sound Pressure Level on Standard Deviation

The standard deviations for the A, D1, and E weightings are plotten in
Figs. 6 through 8 as a function of SPL; those for Mark VI, PNL, and Zwicker are
plotted in Figs. 9 through 11.

Figures 6 through 11 show that the A weighting produces the largest scatter
of standard deviations and Mark VI produces the smallest scatter, Moreover, all
three weighting schemes produce an increase in standard deviation with increases
in SPL (e.g., Fishken, 1971; Molino, 1976; Yaniv, 1976). None of the calculation
systems exhibits a clear cut level effect. The dependence of standard deviations
on SPL is a basic weakness of the frequency-weighting schemes. It tends to
obscure the consistent observation persistent in this report that the magnitude
of the standard deviations is directly related to the interaction between the
complexity of the judged attribute and the heterogeneity of the sound spectra.

In homogeneous sound spectra (e.g., Robinson and Bowsher, 1961; Wells (UHV),

1972) and for judgments of loudness (Jahn, 1965/66), the standard deviations
remain small and fairly constant regardless of overall SPL. However, the two
studies by Wells (1969, c.1970) produce standard deviations that differ by 1 to

3 dB despite the fact that the measurements were obtained at about the same overall
SPL of 80 dB. The 1970 Wells study (unfilled diamonds) used a fairly homogeneous
sample of ailrplane noises and thereby yielded a consistently small standard
deviation, whereas the 1969 Wells study (filled diamonds) introduced multiple

pure tonés into narrow- and broad-band noises and thereby substantially increased

the standard deviations.
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TABLE VI. EFFECT ON MEAN

See Legend for Table II.

DIFFERENCES OF TWO PARAMETERS (Calculated minus observed levels in dB)

No. of

STUDIES/ MARK
VARIABLE MEANS A B C D1 D2 E \"28 VII PNL PNLC W1
1. Type of Noise
Aircraft 1/1 -12.8 -10.2 -8.7 -5.1 -5.5 -7.3 1.0 -6.5 1.4 - 6.1
Industrial 3/4 -15.0 -11.6 -9,.6 -8.4 -9.4 -10.5 -3.1 -10,2 -3.6 -3.2 2.7
Vehicle /1 -8.8 4.2 -2.4 -2.1 -3.0 -3.7 1.7 -5.3 3.9 6.3 8.0
Household 1/3 -9.8 -6.4 -3.8 =4.2 -4.9 -6.1 0.6% -5,2 -1.1 0.3 6.3
Artificial 3/5 -7.9 -7.1 -6.6 -1.4 -1.5 -3.0 1.9 -5.6 2.3 5.8 9.5
Miscel. 2/3 -11.9 -9.1 -7.5 -5.3 -5.7 -6.9 0.5 -6.5 -0.1 2.0 6.3
2. Mode of Stimulus Presentation
Free Field 4/5 -14.3 -12.1 -11.0 -8.0 -8.4 -10.0 -3.4 -10.3 -2.4 -0.6 2.4
Diffuse Field 4/5 -10.6 -8.5 -7.4 -4,5 -4.8 -5.7 0.2 -7.2 -0.4 2.0 4.§
Earphones 3/6 -8.0 -5.1 -2.7 ~1.5 -2.2 -3.6 3.5 -3.7 2.0 4.4 7.8
Kk

2 means

9¢
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Groups of similar sounds or similar studies were also analyzed to determine
whether the mean differences shown in Table IV depend on the type of sound or
mode of stimulus presentation. Fewer studies than in Table V were available
for this analysis. The results are shown in Table VI.

Part 1 of Table VI presents the mean differences for the same six cate-
gories of noilse as used in Table V. The trend of the data is consistent with
the overall analysis of mean differences in Table IV. Table VI shows that the
largest discrepancy between calculated and measured loudness levels is for the
A, B, and C weightings and the smallest discrepancy for the Mark VI and PNL
calculation schemes. (Note that the Mark VII means are unadjusted values.)
Furthermore, the mean difference produced by the various weighting and calcu~
lation schemes 1s clearly not a constant but rather varies substantially across
types of noises. For example, the mean differences produced by the A weighting
range from -8 dB for artificial noises to -15 dB for industrial noises. Simi-
larly, the mean differences produced by the D1 weighting range from about -1.4
dB for artificial noises to =8.4 dB for industrial noises. Of the six weight-
ing schemes the D1 weighting produces the smallest mean differences for the
six types of noises. Too few studies were involved, however, to determine
whether the mean differences between the D1, D2 and E weightings are meaningful.
Equally important, insufficient data were available to assess the validity or
accuracy of a specific system when multiple pure tones are introduced into a
band of noise.

The effect of mode of presentation on mean differences is indicated in
Part 2 of Table VI. These data show that none of the weighting schemes appears
able to predict perceived levels in a free field. The mean differences between
calculated and observed levels decrease somewhat across weighting schemes in a
diffuse field. However, regardless of mode of presentation, the calculation
systems appear to have greater validity than the weighting scheme. Mark VI
and PNL predict perceived levels best in a diffuse field whereas Zwicker's

system predicts perceived levels best in a free field.

IV  SUMMARY AND CONCLUSIONS

This project was concerned with the ability of 11 frequency-weighting and

calculation systems to predict the perceived magnitude of sounds. In general,
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with respect to both variability and mean differences between calculated and
observed levels, the B and C frequency weightings fare less well than the D
and E weightings and the five calculation schemes. The A weighting is 1less
variable than either B or C, and more variable than D1 and E by less than a
1/2 dB. Further, the standard deviations produced by the frequency weightings
tend to be level dependent, whereas those produced by the calculation systems
are not. The level dependency is such that the expected error in the frequency
weightings tends to increase with level, so that predictions are worse at the
higher levels, which are of prime importance with respect to environmental
sounds. The data also suggest that none of the frequency-weighting schemes is
valid (without a correction) for free-field presentatiomns, i.e., none gives
a reading close to the judged level.

To determine whether the differences in standard deviations produced by
the weighting and calculation schemes are indeed statistically significant,
a preliminary analysis was carried out in which simple t-tests were performed
between the mean standard deviations in Table II. These results are indicated
in Table VII. A positive value in Table VII means that the weighting and cal-
culation schemes listed horizontally in the row produce larger standard devia-
tions than the weighting and calculation schemes listed in the vertical column,
The opposite is true for a negative value. The number of asterisks indicates
the level of statistical significance of the t-tests. No asterisk means the
difference was not statistically significant. For éxample, the first line shows
that the B and C weightings produce significantly larger standard deviations
than the A weighting whereas the D1 and E weightings and the Mark VI, Mark VII,
PNL and Zwicker calculation schemes produce significantly smaller standard
deviations than the A weighting.

Table VII's important implications can be summarized as follows:

1) Of the six frequency-weighting schemes, the standard deviations

produced by the A, D1, D2, and E weightings are significantly smaller

than the standard deviations produced by the B and C weightings.

2) The standard deviations produced by the D1 and E weightings are

not significantly different from each other but are significantly

smaller than that produced by the A weighting.

3) The D2 weighting does not appear to be significantly better than

either the D1 or E weightings. It 1is also not statistically different

from the A weighting.



1

TABLE VII. DIFFERENCES IN dB BETWEEN MEAN STANDARD DEVIATIONS IN TABLE II.
B C Dl D2 E \'28 VII PNL PNLC ZWI1
LS50% 1. 11%% - 4% -.33 -.43% - .83%¥* -.81l%* -.48% -.38 - 71%*%
= 6l¥Kkk - Qlikk -.83%* = . 93%%x =1.31%%% -1, 31%%% - .98%x* -.89%* -1.21%%%
-1.52%%% =1.44%%% -1.54%%% =1,89%%* =1.92%%% =1.59%%% -1.50%%% -1,82%%*
D1 .08 -.02 =.39%% - 40%% -.07 .02 -.30
D2 Results of t-tests (N=28) -.10 = JAb%ik - . 48%* -.15 -.06 -.38*%
E blank = not significant - 38 - 38 =05 04 --29
. : ‘ - %
Vi * = gignificant at .05 or better - 04 -22 31 -08
VII *% = gignificant at .0l or better -33% -A2% -10
PNL *%* = gignificant at .00l or better --10 =23
PNLC -.32

1Standard deviation for a given calculation scheme listed in the row of this matrix is subtracted from the

deviation for the calculation scheme, with which it is paired, listed in the column. Thus B minus A = .50,

Dl minus A = -.41, etc.

Thus, a positive value means the deviation listed in the column was larger than the

deviation listed in the row, and a negative value means the opposite.

Legend:
A,B,C
D1

D2

E

Mark VI

standard sound-level meter weightings

meter weighting adopted by IEC

weighting values suggested by K. Kryter

welghting values proposed for trial and
study by ANSI

ANSI S3.

4 (R1972) procedure for the

computation of the loudness of noise

Mark VII based on modificatiom of Mark VI (S. S.
Stevens, JASA, 1972, 51)

PNL perceived noise level
PNLC PNL with tone correction as per FAA36
ZW1 based on Zwicker's loudness calculation system.

Program from E. Paulus and E. Zwicker, Acustica,
1972, 27. Free-field (FF) and diffuse-field
(DF) values used as appropriate.

6C
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4) Whereas the Mark VI, Mark VII, PNL, and Zwicker systems all

exhibit significantly smaller standard deviations than the A, B,

and C weightings, only Mark VI and Mark VII show significantly

smaller standard deviations than the D1 and E weightings,

5) The standa;d deviations produced by PNL and PNLC are signifi-

cantly larger at the 0.05 level than the standard deviations pro-

duced by Mark VI and Mark VII,

This analysis of standard deviations does not address itself to the
important question of validity that was raised in the discussion of Tables 1V
and VI. The available evidence (e.g., Little, 1961; Pearsons et al., 1968)
suggests that, when single and multiple tones are introduced into bands of noise
at tone-to-noise ratios of +15 dB and greater, the sounds become more annoying
than the perceived levels predicted by any frequency-weighting or calculation
scheme. To help solve this problem, the extent of the disparity between calcu-
lated and perceived magnitudes needs to be measured with a known, calibrated
standard.

Overall consideration of the results leads to the following conclusions:

1.) More data are needed to assess the contribution of pure tones in noise.
Without tones, loudness and acceptability in this survey produce essentially the
same results, but none of the frequency-weighting or calculation schemes performs
well when the complexity of the judged attribute and the heterogeneity of the
sound spectra are simultaneously increased.

2.) More research is also needed to assess adequately the effects of
duration, especially durations longer than one second, and intermittency on per-
ceived magnitude of noises.

3.) Additionally, a finer analysis of the present data is needed to evalu-
ate the effects of type of spectra on both standard deviations and mean differ-
ences between calculated and observed levels. Such an analysis is necessary
because noises of a given type, for example household and artificial sounds,
can vary widely in spectra. This analysis requires a regrouping of studies
across types of noises, and across investigations.

4.) To decrease the variability of matching data for broad-band noise, a
calibrated broad-band noise should be used as a common standard. One such

possibility is white noise for which many data are available; however, the more
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natural spectrum of pink noise may be a more suitable standard. More exten-—
sive laboratory measurements of the subjective magnitude of pink noise are
needed before such a standard could be agreed upon.

Although the calculation schemes are clearly superior to the frequency
weightings, we cannot conclude that a particular calculation scheme is prefer-
able for predicting the subjective effects of noise; the differences among our
measures of variability are so small (usually under 1dB) as to require a cost-
benefit analysis far beyond the scope of this préject. These differences may
turn out to be larger and more meaningful when more data on the effects of tonal
components are available for analysis, and a more detailed analysis of the effects
of level and spectral shape can be performed. '

With the exclusion of the B and C weightings, the differences among the
other four frequency weightings that were examined are all less than 0.5 dB.

The A weighting thus assesses subjective magnitude (with due allowance for its
constant error--see Table IV) with nearly as little variability as more recently
proposed weightings. To achieve a significant improvement in prediction of
subjective magnitude from objective sound measuremnts, it will probably be nec-
essary to use a calculation scheme. As additional information is accumulated,
it should become possible to adopt a refined calculation system; eventually

integrated circuitry will make it possible to incorporate such a system into

a sound-level meter.
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Blanks in a column mean we do not have the information.
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A = Aircraft

V = Vehicle

H = Household
appliances

S = Artificial
sounds
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I = Industrial

APRIL, 1977

MODE OF PRESENTATION MISCELLANEOUS
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procedures reviewed
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APPENDIX (Contains information on each study examined and
on individual noises within each study.)



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Berglund, B., Berglund, U.,
and Lindvall, T.

Title: Scaling loudness, noisiness, and annoyance of community noises.

Reference: JASA, 1976, 60, 1119-1125.

STIMULI

Number and type of noises: 3 noises - Jackhammer, piledriver, and aircraft,
plus a white noise 20 - 20,000 Hz wide

Levels: 58 - 103 dB SPL overall
Mode of presentation: Earphones - listening to tape recorded sounds

Analysis: One octave and third octave

JUDGMENTS

Attribute judged: Loudness

Psychophysical procedure: Loudness matching using the white noise as
standard (white noise varied)

Number of observers: 30

OTHER

Special features: Some of the same stimuli were also used to obtain magnitude

estimation functions for loudness, annoyance, and noisiness.

Comments: Loudness levels were determined by comparing, over the experimental
stimulus range covered, the white noise loudness function of Scharf
(in press) against the standard 1000-Hz loudness function.
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99.3
96.2

PNL
9%.2
93.2

PNL
Bhe7
83.2

PNL
77.1
7643

PNL
71.6
71.6

PNL
69.5
67.0

PNL
65.1
62.1

PNLC
100.5
96.7

PNLC
95.3
93.7

PNLC
85.9
83.7

PNLC
78.2
76.8

PNLC
72.8
72.1

PNLC
70.6
67.5

PNLC
66,2
62.6

ZWCKFF
10341
161.0

ZWCKFF ZWCKOF

98.8
98.3

ZWCKFF ZWCKOF

90.9
9¢C.1

INCKFF ZWCKODF

84.5
84t

IWCKFF ZWCKODF

79.7
80.6

IWCKFF ZWCKDF

77.8
7€.5

ZWCKFF ZWCKDF

73.8
72.“

ZWCKDF
103.7
101.8

99.4
99.1

S1.5
9uve9

85.1
85.3

BCok
81.5

78.5
77.5

745
73t

LL
87.0
87.0

Li

77

77.

i
Tu,

The”

Lt
71,
7i.

LL

~

[ad

-

~

AR 0

68.5
68.5



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Borsky, P.
Title: Annoyance and acceptability judgments of noise produced by three
types of aircraft by residents living near JFK airport. ~

Reference: yNasa report, 1974, 1-50.

STIMULI

Number and type of noises: Thrae aircraft noises:studied at three different
aspproach and departure distances.

Levels: 75 - 100 dB SPL overall

Mode of presentation: laboratory living room (diffuse field)

Analysis: Third octave

JUDGMENTS

Attribute judged: Annoyance
Psychophysical procedure: O - 4 rating scale
Number of observers: 319

OTHER

Special features:’

Comments:

A=4



BORSKY GROUP 1 BY ANNOYANCE NBS ¢ STATS 3-15-77

NO.
1
I

8
11
i6
17

MEAN LEVEL
RANGE
SDyN=-1

5

0-A

89.8
88,0
86.2
83.8
83.4
86.2
88.0

86.5
Bole
233

A
75.5
71.9
70.7
70.4
70.0
79.4
76e

73.4
9.4
3.64

8
82.7
81.7
78.0
76014
7842
8263
81.9

80.1
6.6
2.63

C
88.9
87.3
85.4
83.0
82.9
85.8
87.1

85.8
bs0
2424

D01
82.3
80.6
793
78e 4
77.3
86.1
84.6

81.2
8.8
3426

D2
80.2
77.7
77.5
77.2
75.1
85.3
83.5

79.5
10.2
371

E2
80.7
78,9
7645
75.4
76.1
83.4
81.8

79.0
8.0
3.09

MK6

87.5
85.9
86.1
83.1
81.0
3g.0
88.6

86.0
9.0
3e13

MK7?7

73.8
774
7648
The?
734
82.5
80.5

77.9
9e1
3.24

PNL

88.4

86.8
86.6
8L.7
81.0
32.8
91.2

874
i1.8
3.95

PNLC
92.8
91,3
88.8

91.3

86.0
A7elt
97.9

92.2
11.9
Le32

ZWKFF
95.0
91.0
92.7
3.9
86.3
97.3
95.3

92.6
11.8
3.65

ZWKOF
95,8
91.7
93.3
9i.3
87,4
97.6
95,8

9343
1Ge2
Sels8



BORSKY GROUP 2 BY ANNOYANCE NBS ¢+ STATS

NO.
2
5
9

12

15

18

MEAN LEVEL
RANGE
SDsN=-1

9-v

0-A

8%.9
80.3
4.9
79.6
80.8
82.7

80.5
10.0
3.35

A
65.6
64.8
57.8
€3.7
67.0
67.9

64.5
10.1
3.59

B
75.8
72.6
66.9
73.5
T4e3
75.9

73.2
9.0
J.34

C
83.8

79.3

73.9
78.9
79.9
81.9

79.6
9.9
3.35

3-15-77

01

74.9
72.0
6644
72.4
73.6
75.2

72.4
8.8
3.21

D2
713
69,5
63.6
69.6
71.4
72.8

69.7
9.2
Je.22

¢
7T2e4
703
b4.2
70.8
7243
73¢7

706
9.5
337

MKb

805
77.4
724
75.8
78,0
793

77.2
8.1
2.85

MK7
7145
9. &
6442
67.5
70.3
71.2

6940
7.3
2476

PNL

79.8
76.4
73.1
75.3
77.6
7943

76e4
3.7
350

PNLC
8445
80.9
7T4.6
83.5
834
86.0

81.6
11.4
4ed3

ZWKFF
87.8
8t.b
79.6
8.8
BL.6 -
BEe5

844§
8.2
3.21

ZWKOF
8846
85.5
8L.2
81.8
85.9
875

8449
8ok
3e20



Evaluation of Data on Subjective Effects of Noise.
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE ' Author(s): Copeland, W.C.T., Davidson,
. I1.M., Hargest, T. J. and
Robinson, D. W.
Title: A controlled experiment on the subjective effects of jet
engine noise,

Reference: J, Royal Aeronautical Soc., 1960, 64, 33-36.

STIMULI

Number and type of noises: Five jet engine noises

Levels: OASPL's of reference stimuli ranged from 90 - 103 dB

Mode of presentation: Loudspeakers in a small, soundproofed cinema. Diffuse fiei<.

Analysis: One octave (frequencies adjusted).

JUDGMENTS

Attribute judged: loudness and disturbance

Psychophysical procedure: paired comparisons
Number of observers: 1,578

OTHER

Special features:

Comments: Loudness and disturbance produce very similar results.

A=-7



COPELAND ET AL NBS+STATS 3=3-77

8=V _

NO.

N & N e

MEAN LEVEL
RANGE
SDsN-1

0-A
10340
973
102.9
93.8
8945

97.3
13.5
584

A
91.5
95.2
97.3
91.5
88.3

92.7
9.0
3.54

B
99.7
96.7

101.6
92.7
88.6

95.8
13.0
5.26

c
102.7
97.2
102.9
93.6
89.2

97.1
13.7
5.90

D1
99.0
101.1
101.9
98.8
9646

99.5
53
2410

D2
96.9
101.0
101.5
98.7
96. 14

98.9
5.1
2.30

E#
98.0
99,0

1i01.4
96.6
93.9

97.8
7.5
2. 81

MK6
102.0
124,2
106.2
1624

99,3

102.8
6.9
2.58

MK?7
95.8
97.7
10044
95.6
32.3

96.4
8.1
2.96

PNL
15448
107. 4
108.8
105.5
102.4

135.8
8.8
2.47

PNLC
107.7
110.8
112.2
108.8
105.8

139.C
12.2
2.52

ZWKFF
135.8
1¢9.7
110.7
137.5
15403

1i7.6
10.7
2.66

138.3

11.4

2.E8



Evaluation of Data on Subjective Effects of Nclsef
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Fishken, D.
Title: Loudness summation between tones and noise

Reference: ynpublished doctoral dissertation, Northeastern University, 1971,

STIMULI

Number and type of noises: Six broadband noise with single and two tone components
added ' '

Levels: Three T/N ratios: =5, +5, +15 dB
seven SPLs from 30 - 90 dB overall

Mode of presentation: earphones

Analysis: Third octave

JUDGMENTS

Attribute judged: Loudness
Psychophysical procedure: Adjustment using a counterbalanced procedure

Number of observers: Exp. I - 12 0s; Exp. II - 8 Os.
OTHER

Special features: Single and multiple tonal components - 63 sound
combinations studied in both Exps. I and II.

Comments: Loudness levels determined by loudness matches between broadband
) noise and a 1000-Hz tone. Comparison sound used for this study was
a band of noise about two octaves wide centered at 1000 Hz,

A-9



FISHKEN EXP 1 AT 30 0B SPL

NO.

O ® N O N WWN e

-
> o

12

MEAN LEVEL
RANGE
SDsN-1

>
Li
[
o

i

MEAN DIFF
RANGE
SOsN-1

0-A
30.1
30.6
30.9
29.8
29.8
30.4
30.4
31,5
31.9
29.8

29.8 .

29.9

304
2.1
70

o8
10.7
3.26

A
29,8
28.5
27.8
30.2
3040
31.1
3141
32.4
32.9
30,2
30.0
29.9

30.3
5.1

1.42

o7
7.2

2.23

N8S + STATS
B c
29.6  29.7
30.3 3045
30.6 30.9
29.4  29.4
29.7 29.7
29.8 29.7
29.8  29.7
3048  30.7
3162 31.1
29¢4  29.4
29.7 29,7
29.9 29.9
30,0 300
1.8 1.7
.58 .59
ok b
1048 1141
3.25 3.35

3-7=77

D1
38,2
3446
3.l
38.1
3443
4044
4he b
4243
42.9
3841
3443
30.8

37.2
12.1
4006

7.6
10.9
3.55

02
38.1
34.6
31.6
3841
34.3
Lo.3
L SENN
he ¢
bzob
38..
343
30.

37.1
12.0
3.99

7.5
i0.8
3.55

E?
35.9
33.2
Jiels
35,8
32.7
3849
38.0
39.9
40.5
35.8
32.7
3Cel

35.4
10.1

333

5.7
8.9

3.29

MK

37.6
32.9
31.1
38.0
35.5
%240
42,0
L3.4
43.2
38.¢C
35.5
3440

37.8
123

4.16

8.1
8.7

3.18

MK7 PNL

35.4 3849
32.4  3hed
2844 306
35.3 38.8

31.6 334
37.9 4243
37.9 42.3
37.6 L3.9
34.9 43.0
353 38.8

31.6 33.4
27.2 29.6

33.8 374
13.7 14.3
3457 5403

4.2 7.8
10.3 13.4
325 4436

PNLC
42,3
4C.8
37.3
42.1
39.7
4546
4546
48.0
49.7
42.1
39.7
3642

42.6
13.5
4427

13.¢C
12.3
4436

IZRCKFF ZWCKOF

43,0
3%.1
33.2
L2.8
38.8
L3e1
43.1
41.1
38.7
42.8
38.8
32.9

39,8
1C.2
2.65

10.2
11.3
3.09

4340
39.7
L5
L3e6
401
4363
4343
4Ceb
3747
4L3.0
40.1
352

Guel
9.1
3426

1L.8
9.6
2082

LL
3Ce0
24,5
22.5
31.3
31.2
31.1
2C.6
30.5
33.8
3241

31.
29.

|



FISHKEN EXP 1 AT 40 DB SPL

NO.

W o N WS N e

[T
» o

12

MEAN LEVEL
RANGE
SD,N"l

1=V

MEAN DIFF
RANGE
SDsN-1

0-A
48.1
40.6
%0.9
39.8
39.8
4Cels
0.4
41.5
41.9
39.8
39.8
39.9

0.4
201
069

-Q.O
T.9
2678

A
39.8
38.5
37.8
kQ.2
Lo.0
hi.1
bl.1
2e4
42.9

40,2

40.0
39.9

4063
S.1
1.42

-4.1
7.5
2067

NBS + STATS
B c
39.6  39.7
#0.3  40.5
40.6 4049
39.4 3944
39.7 3947
39,8  39.7
39,8  39.7
40.8  40.7
41,2 4141
39,4  39.4
39.7  39.7
39.9  39.9
%0.0 4040
1.8 1.7
.58 59
“lhole  =lols
8.3 8.3
2,75  2.79

3-7-77

D1
4842
LYY )
41t
48,1
W43
5044
5044
52.3
5249
48.1
44,3
4048

47.2
12.4
L.05

208
10.0
3e48

02
48.1
b .0
41.6
48.1
44.3
503
50,3
52.2
52.8
48,1
4.3
k3.8

47.1
12.0

3.99

207
9.9

3,64

X
45.9
32
bles
45.8
b2.7
48.0
48.0
49,9
5065
45.8
k2.7
40.4

45,4
10.1

3033

9
9.2

3,13

MKb6
52,5
48.9
45.1
52.3
50.C
54.7
54.7
5448
53.0
52.3
50.0
46.7
51.2
9.7
3.17

6.8
8.8
2.54

MK7
4643
bue 0
40e1
46.7
43,5
4843
48,3
47.7
45.4
46,7
43,5
39. 4

45.0
8.9

3.02

b
8e¢2

2+ 24

PNL

51.7
7.4
43.9

51.6 -

4.6
5444
Shels
55.1
53.8
5i+6
4646
43.1

5040
12+ 0
4428

5.6
11.2
3.52

PNLC
56.1
54.0
5346
5449
53.0
57.7
577
60.3
60.5
5449
53.0
49.7

55.2
10.8
3e43

10.8
9.6
3.18

ZHWCKFF ZWCKUF

5642
52.5
4640
56.10
52.2
5641
5641
53.6
49,8
5640
5242
45,5

52.7
1047

384

8.3
943

2.51

56.7
53.2
4741
56.7
53.3
5645
5042
53.5
49.1
5647
53.3
4745

53.4
Se6

3463

8.9
Gels

2o 4l

LL
k7.0
3.2
k1.9

47.8

4542
41,8
467
4549
“3.8
4548
hise B
N



FISHKEN EXP 1 AT 50 DB SPL NBS ¢+ STATS 3=-7-77

A A

NO. 0-A A 8 c D1 D2 £t MK6 MK7 PNL PNLC 2ZWCKFF ZWCKOF Lt
1 50e1 49.8 49,6 49,7 5842 5841 55.9 62.8 56¢3 624 66e8 67¢3 6743 59,3
2 S0e6 4845 5003 5065 5446 54,6 53,2 5949 53+5 5845 65,1 640 6,7 5743
3 5009 4748 5066 50,9 51¢4 5146 S51.4 56,5 49,8 55,3 62.0 5841 59.0 53.6
4 49,8 50.2 49.4 49.4 58.1 5841 55.8 62.7 56.1 62¢3 85.7 6741 6748 59.5
5 89,8 500 4347 49,7 S4e3 5443 52.7 607 5341 57.9 6L4e2 63.7 6L.8 56.8
6 50e 5141  49.8 49,7 60.4 6043 58.0 64s7 573 65.0 66e3 67+3 67.6 53.5
7 50e% S51e¢1 49¢8 49,7 604 60.3 58.0 64s7 57.3 65.0 68.3 673 67.6 59,0
8 515 5244 5048 5067 62¢3 65242 59¢9 6449 5647 655.7 70.9 65.0 65.5 58,0
9 51¢9 5249 51e2 5141 6249 652.8 6645 62,9 55,0 64e5 T1e2 B1.2 6Le6 5545
10 49,8 5062 4344 49,4 58e1 5841 55.8 62.7 56.1 62.3 65,7 67.1 67.8 5842
11 49,8 500 4947 49,7 5443 54,3 52,7 60647 53¢l 57.9 64.2 53.7 6448 5640
12 49,9 49,9 49.9 49,9 50.8 50,8 50e4 57.7 4942 5446 61,2 57.5 59,3 504
MEAN LEVEL 50e& 580¢3 500 500 5742 5741 55.4 61.7 54.5 60.9 661 64l 6L.7
RANGE 2.1 Se1 1.8 1.7 12¢1 12,0 1041 8ol 8e1 11.1 1040 9.8 8.9
SO4N-1 " o869 1.62 «58 80 4405 3.99 3.33 273 2.76  3.95 I.1b 3.54 3.39
MEAN DIFF “6s0 =60l =Bsk - -6.4 o8 7 =1.0 5.3 =1.9 4.5 9,7 7.7 843
RANGE 9.2 8.8 9.6 9.6 10e1 10.0 9.1 8.6 7.6 10,04 9.5 9.3 9.0

SDyN-1 2.89 2.90 2096 2.97 3.58 3.54% 3425 250 211 3.35 3.13 2.26 . 2.31



FISHKEN EXP 1 AT 60 08 SPL

. ’ z
O S N nFWwN RO
L J

(WO
- o

12

MEAN LEVEL
" RANGE
SDyIN-1

€TV

MEAN DIFF
RANGE
SOeN-1

0=A

60.1
60.6
60.9
59.8
59.8
60.4
60.4
61,5
61.9
59,8
59.8
59.9

60.%
2e1
+69

-6e1
8e1
2463

A
59.8
5845
57.8
60.2
60.0
61.1
61.1
62.4
62.9
60.2
60.0
59.9

60.3
5.1
1e42

~-6e2
75
2456

NBS ¢ STATS
8 c
59.6 9.7
60.3 605
60.6 60.9
59.4 59.4
59.7 59.7
59.8 59,7
59.8 59.7
60.8 60.7
6142 61.1
59.% 594
59.7 59.7
59.9 59.9
60.0 60.0
1.8 1.7
«58 «60
=65 =65
B8e3 8.5
2,68 2.71

3=7=-77

01
68.2
6446
6le4
68.1
6463
70.4
70.4
72.3
7249
68.1
64e3
60.8

67.2
12.1
4,05

o7
106
3456

02
68.1
6446
61,6
68.1
6443
70.3
70.3
72.2
72.8
6841
6403
60,8

67.1
12.0
3.99

)
10.3
3.52

E?
65.9
63.2
61.4
65.8
627
68.0
68.0
69.9
70.5
65.8
6247
604

65.4
10.%1
3.33

=41
9.5
3.19

K6
72.0
6943
6603
7240
7041
7440
7440
T4t
72.3
72.0
70.1
6745

71.1
7.8
2¢54

beb
Tel
2.21

MK?7 PNL

65.0 72.6
62.3 68.9
58.8 65.9
64.9 72.6
61.9 68.3
66.1 75.2
66,1 75.2
6549 76.0
bhels 74.8
64,9 72.6
61.9 68.3
5842 65.2
633 71,3

7.9 10.8

2.7‘0 3.82

~3.1 4.8
Beb 9,1
1.99 3.22

PNLC
77.6C
75.5
72.6
75.9
7446
7845
7845
81.1
81.5
75.9
74.6
71.8

76.5
97
3.02

ic.¢C
1g.4
3.08

ZWCKFF ZWCKDF

773
The 4
69.1
77.1
74.6
772
772
75¢4
72.1
77.1
T4e 0
b8.5

Thel
8.8
3.13

8.0
6.5
1.75

77.8
75.0
69.8
777
75.1
7746
7746
75,2
71.5
77.7
75.1
70.1

75.0
8sC
2439

8.5
b.7
1.72

LL
68,0
6743
63.0
69.0
65.8
6446
6844
676
6542
7540
66.8
52.2



FISHKEN EXP1 AT 709 DB SPL NBS + STATS 3-7-77

NO. N=-A A B C D1 D2 Ex MK6 MK? PNL PNLC ZWCKFF ZWCKOF Lt
1 701 69.8 69.6 69,7 7642 78.1 7509 81.1 73.6 82.7 8741 86406 07e1l ~T7B.T
2 7046 68.5 70.3 7045 Theb 74.6 7362 78.4 71.0 79.0 85.7 83.9 L5 76.8
3 70,9 67.8 70.6 78.9 Tie4 71.6 7Ti.4 75.4 679 7T6el 82.8 79.1 7948 72.1
4 69.8 70.2 69.4 69.4 7841 78.1 75.8 81.0 73.5 82.7 86,0 86l 87.1 77,6
5 69.8 70.0 69.7 69.7 7443 T4.3 7247 79.1 70.6 7T8els 8448 82.6 84,0 . 75.0
6 706 71.1 69.8 69,7 8044 80.3 78,0 82,9 74,9 85.2 88.6 866 80.9 73,2
7 704 71.1 69.8 69.7 80.% 80.3 78.0 82.9 74,9 85.2 88.6 Bbeb 8649 77.8
8 71.5 72+ % 70.8 707 823 82.2 7949 83.1 7543 8640 91.2 3543 B5e 35 76.9
9 71.9 72.9 71.2 71.1 82.9 82.8 8C.5 81.5 Th,0 8449 91,6 8242 Bie7 T4e2
10 69.8 76-2 69.4 69.4 781 78.1 75.8 81.0 7345 82.7 86.0 8bels 87.1 81.2
i1 69,8 70.0 69.7 69.7 7he3 T4e3 7247 79.1 70.6 784 84,8 83.6 844D 77.8

12 69.9 69.9 69.9 69.9 708 70.8 70.4 76.5 67.3 75.4 82,1 7846 50.1 73.3

Y

!

:}ﬂEAN LEVEL 70.4 70.3 70.0 70.0 77.2 7.1 75.4 80.2 72.2 81.4 86.6 841 8440
|

RANGE 261 Se1 1.8 1.7 12.1 12.0 10.1 7.7 8.0 10.6 9.5 8.4 743
SO,N=-1 «69 1.42 «58 860 4.05 3.99 3e 33 2.51 2073 3.76 2.97 2086 2.71
MEAN OIFF -5.7 -5.8 -6el ~6.1 1.1 1.0 o7 Lel -3.8 53 10.5 8e8 8.5
RANGE 10.2 9.7 10.3 10.6 12.2 12.1 11.7 9.9 9a bs 11.4 12.6€ 8.6 7.8

SO,N-1 2485 2476 2.85 2.58 k.15 bhol2 3.76 2e74 2483 3.81 3.61 232 2ol



FISHKEN EXP 1 AT 80 DB SPL NBS ¢ STATS 3-7-77

NO, 0-A A 8 - C 131 D2 €2 MK6 MK7 PNL PNLC ZWCKFF ZWCKDF  LL°
1 80.1 79.8 79,6 79.7 88,2 88.1 85.9 93.0 82.6 92.8 97.2 95.6 S6e1 87,0
2 80.6 78,5 80.3 80,5 84,6 B4e6 83.2 B87.2 B80e1 89,1 95.7 93.0 93.6 86,3
3 80.9 77.8 80,6 80.9 Bi.4 B1,6 Bl.4 Bhel4 77.3 8642 92.9 88.5 89.1 82.3
4 79.8 80.2 79.4 79.4 88.1 88.1 85.8 89,9 82.5 92.7 - 96.0 95,4 9Ybel ‘87.4
5 7948 8060 79e7 79¢7 8443 B4e3 8247 8841 T79.6 88.5 S48 92.7 9.8 85,0
6 80.4 81,1 79.8 79,7 90.4 90.3 88,0 92,1 84,7 35,3 38,6 95.6 95.9 82.8
7 804 81,1 79,8 79,7 90.4 90.3 88.0 92.1 B84.7 95,3 98.6 95.6 95.9 87,5
8 81.5 82,4 80e8 80.7 923 92,2 89,9 92.6 85.2 9640 101.2 4.5 Q4.1 B87.0
9 81.9 B82.9 81.2 81.1 92,9 92.8 96.5 91.3 84,0 94,9 101.& 91.6 1.1 83.9

10 79.8 80,2 79.4 79.4 88.1 88.1 B85.8 89,9 82.5 92.7 9640 95.4 9641 91.7

11 79.8 80.0 79.7 79.7 84e3 Bhel 82.7 88.1 79.6 88.5 9% 8 92.7 93.8 88.3
12 79.9 79.9 79.9 79,9 B0.8 80.8 8.4 85.6 7646 85.5 92.1 88.0 83.0 85.1

»>
:& MEAN LEVEL B0.4 80,3 80.0 88.0 87.2 87.1 85.4 89.3 81.0 91,5 96.6 93.2 937

RANGE 2+¢1 Sel 1.8 1.7 12.1 12.0 10.1 8.2 Bs6 10.5 9,5 7.6 748
SDyN-1 +69 1.42 «58 60 4,05 3.99 3433 2.63 2.92 3.73 2495 2072 2655
MEAN DIFF =5.8 5.8 “6e2 -6.1 i.0 1.0 ~e8 3.1 ~4eb 5.3 1.5 7.1 746
RANGE 10.5 10.5 10.6 10.9 133 13,2 12.5 11.1 11.1 12.3 13.4 9.9 Be7

SOyN-1 2496 2.85 2493 2.96 4ot b4l 4,03 3.18 3.45 4.08 3.86 2.61 2.30



FISHKEN EXP 1 AT 90 DB SPL NBS + STATS 3-7-77

NO. 0-A A B C D1 D2 ts MKe6 MK7 PNL PNLC ZWCKFF ZWOKUF LL

1 90.1 89.8 89.6 89,7 9842 98.1 95.9 99.5 2.6 102.8 107.2 1i4e3 13448 37.8

2 90.6 88.5 90.3 90.5 94,6 9% .6 93.2 96.6 q3.1 99.1 105.86 101.9 132.5 895.2

3 90.9 87.8 90.6 90.9 91.4 91.6 91.4 944§ 874+4 96.2 102.9 37.7 9845 93.3

L 89.8 90.2 B89.4 89,4 98.1 98.1 95.8 99.5 32.5 102.7 1061 1C4.2 1.8 97 .4

S 89.8 90.0 89.7 89.7 9Le3 9443 92.7 97.6 89.5 98.6 1049 101.6 13240 35.2

6 9C.4 91.1 89.8 897 100ef4 100.3 98.0 131.9 95.0 135+3 10846 1ihes 13Leb 92.3

7 904 91.1 89.8 89«7 1004 100.3 980 101.9 95.0 10543 1G8+.€ 1l4.bh 1(ted 97.8

8 91,5 92.4 90.8 907 10243 102.2 99.9 132.9 95.6 10640 111.2 153486 1L3.3 98.0

9 91.9 92.9 91.2 91.1 1029 102.8 100.5 1061.9 9442 10449 111e86 101.7 1800eb 93.8

ico 89.8 90.2 89,4 89.4 98.1 98.1 95.8 39,5 92.5 102.7 10641 1C4s2 10448 102.%

11 89.8 90.0 89.7 89.7 94.3 34.3 92.7 37.6 39.5 9846 104.9 101.6 102.06 99,5

12 89.9 839.9 89.9 89.9 9.8 30.8 S0ets 95.4 86.6 95,5 102.2 87.1 9847 36.5
|% MEAN LEVEL 9C. 4 90.3 90.0 90.0 97.2 97.1 95.4 99.3 91,7 131.5 106.7 102.2 1iL2.7
o RANGE 2.1 5.1 1.8 1.7 12.1 12.0 10.1 8.9 9.1 13.5 11.6 7.3 6.3
SO+N~1 +69 1.42 «58 +60 Le05 3.99 3.33 2.85 3.04 . 3.7% 2.93 2.58 2e34
MEAN OIFF -6e2 ~6.2 - TY) -6.5 b ) -1,2 2.5 “4,8 keS8 10.1 546 bel
RANGE 10.7 11.3 10.5 .10.6 14.8 14.7 13.5 12.5 12.7 14.0 1441 11.5 10.1

SOsN-1 3.20 3.1 3.15 3.18 LeB1 ho78 L.37 3.78 3.98 LebS Lho18 3.09 280G



FISHKEN EXP II S/N=-5 DB NBS + STATS 3-8-77

NO. O-A A 8 c D1 D2 E# MK6 MK?7 PNL PNLC ZWCKFF ZWNCKOF  LL

1 91.3 91.8 90.8 90,8 99.4 99,6 97.1 1018 94«3 154s7 108.1 105.3 105,83 99.8

2 . B81.0 B1lek B804 80.4 8941 89.3 8649 91.7 83.8 94.3 97.7 96.5 97.1 89.6

3 7068 71e2 7043 7063 79.0 79.1 7648 82,7 T4.8 83.9 87.3 87.4 88.0 79.4

I 60.9 61.3 60ef6 60el4 69,0 69¢1 6648 738 66elk 7348 7745 78.2 78,8 6840

5 51,0 513 508 S0e4 5940 59¢1 5648 64e¢5 57.7 63¢5 67e3 68e4 69,1 56.3

.6 Glob  41e7 60,9 4049 49,3  49.4 7.0 54,7 48,6 53.3 57.6 57.7 S53.4 44,3

4 32¢0 323 3146 31.6 3948 39.9 37.4 41.9 38¢3 41,5 46,2 453 45.9 29.0
MEAN LEVEL 61.2 6146 60e7 607 69¢2 69¢4 67¢0 73s0 6663 736 77¢4 77.0 77.6
RANGE 5943 5905 5942 59.2 59.6 59.7 59.7 59:9 5640 6342 61.9 60.0 59.9
SO,N-1 21,35 2143 21.33 21.32 21.50 21450 21.50 21402 19.71 22453 22.06 21437 21.33
'MEAN DIFF -5.4 =5.0 =5.9 -5.9 2.6 2.8 ol 6ot “e3 7.0 10.8 1064 1140
RANGE 11,6 11,5 11.8 11.8 11,3 11,2 11.1 10,9 15.1 7.8 9¢1  10.8 1649

SD,N-1 4426 4.19 4,28 k.29 4409 4.09 L. 06 b, 22 5466 2,990 3.39 3.82 3.806



FISHKEN EXP I1 S/N= 5 0B NBS ¢+ STATS 3-8-77

NO. 0-A A 8 c D1 D2 ez MK6 MK?7 PNL PNLC ZWCKFF ZHWLKDF L
8 .92.8 93. 4 92.6 92.6 100.2 100.3 96.9 102,3 945 1054 111.9 104.0 1d4.4 35.8
9 82.1 82.5 81.9 81.9 89,3 89.4 86.2 91.8 83.6 94,7 101.2 94.9 9564 85.8

10 71.7 72.0 71.% 7ie4s 788 78.9 75.8 8242 737 B4e?2 90.7 85.7 8be2 75.5

11 61.9° 62.1 61.6 61.6 68.8 63.0 65.9 73.3 6540 Thel BC.7 76.3 7€t.5 bb.b
12 52.1 52.2 51.8 51.9 58.9 59.0 55.9 64,1 5643 63.8 784 664t 6&.9 54.0
i3 4302 43.3 42.9 43.0 49.8 50.0 46.8 54.€ 47.9 53.9 60.6 5549 565 k242
14 Z4ls 38.6 3462 4o 2 41.1 41.2 38.1 43.3 37.9 43.9 50.6 4,3 44,7 24.5

MEAN LEVEL 6246 62.9 62.3 624 69.6_v 69.7 bE.S 73.1 6545 7443 80.9 75.4 75.8

RANGE 58e 5648 58e4 58.% 5941 53¢1 5849 59,0 5666 61e5 613 59,7 59,7
SDyN-1 [ 21405 21423 21,05 21,03 21.32 21.32 21.26 20.81 19.98 22.08 22.02 21.35 21.33
"EAN DIFF °06 o ‘03 ‘09 '08 60‘0 6-5 303 909 203 11-1 17.7 12.2 12.6
,' RANGE 1367 13.6  13¢8 1348 13¢3 13e3  13e2 1248 1546 1067 10.9 11.6  11.6
éf SD,N=-1 Ge91  4.82 4492 4493  4.73 4473  LeT1 4,54 5,61 3.82 3.85 3.87 3.86



>
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=
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FISHKEN EXP II S/N= +15 DB NBS + STATS 3-8-77

NO.
15
16
i7
18
19
20
21

MEAN LEVEL

RANGE
SOsN-1

MEAN DIFF
RANGE
SO.N-1

0-A

93.4
82.6
72.1
62.3
52.6
43.8
35.2

63.1
58.2
20.99

1.9
12,6
Loh?

A
94.0
83.1
72.5
62.6

52.7
3.9
35.3

63.4
58.7
21.19

202
12.3
4.35

B
93.3
82.5
71.9
62,2
52.4

43.6

35.0

63.8
58.3
21.00

1.7
12.6
4olt6

C
93.2
82.5
72.0
62.2
52.5
63.7
35.0

63.0
58,2
20.98

1.7
12.5
4,48

D1

100.5

89,5
78.9
68.9
59,0
50.2
41.6

- 69.8

58.9
21.28

8.5
12.2
4029

D2
100.7
89.6
79,0
69.0
59.1
50.3
41.7

69.9
59.0
21427

8.7
12.2
%.29

E?
36.9
86.0
75.4
65,5
55,7
46.8
38.2

66e 4
58.7
21.18

5.1
12.3
be 34

MK6
100.9
89.9
80.0
71.1
b1.6
524
42.7

71.2
58,2
23.69

10.0
12.2
4.52

MK7

32.7
81.7
71.5
62.5
53.6
b9
3446

63,1
5841
20,54

1.8
12.6
4476

PNL
103.9
93.1
825
7244
62.1
5245
42.8

72.8
61.1
224.00

11.5
9.8
Joli

PNLC
11C0.96
99.8
89.2
79.1
6847
59.1
49.5

79.4
61.1
22.00

18.2
9.8
3e&l

ZWCKFF

101.5
92.1
8245
7340
62.6
5246
4240

723
59.5
2143

11.1
9.0
3.51

IZWCKOF

101.7
92.4
8249
733
63.1
5248
4241

72.6
59.b6
21445

11.4
8.9
3e45

LL:
933.5
86.0
T4.5
62.9
5G.5
38.4
25.0



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Hillquist, R.

Title: Objective and subjective measurement of truck noise

Reference: J, Sound and Vibration, 1967, 1, 8-14.

STIMULI

Number and type of noises: 100 trucks
Levels: 80 - 105 dB SPL overall
Mode of presentation: Free Field

Analysis: Omne octave

JUDGMENTS

Attribute judged: Preference

Psychophysical procedure: Ranking in order of decresasing preference from
1 - 100 and paired comparisons

Number of observers: 20

OTHER

Special features: Energy concentrated below 1000 Hz.

Comments: No choice (equal preference) votes were sllowed.

A-20



HILQUISTFRUCK NOISES 1«25 NBS+STATS 3-2-77

1e-v

NQ.

W ® N O N & NN

N N NN P R e e e R s
W N =+ @ O 0N O O & Ll N o

v N
n &

0-A

80.8
80.4
86.0
82.7
86,3
840
85.6
85.9
90.3
85.5
9243
85.7
844
0.4
88.0
86.7
83.9
90.5
8645
87.9
89.1
89.8
93.9
90.7
AQ.3

A
74,9
76.2

76.2 -

77.5
T77.7
75.9
75.9
78.5
77.5
78.2
78.1
79.0
79.6
78.1
80.4
79.2
79.5
80,5
80.6
784
81.6
81,7
80.0
80.8
82.0

8
78.0
78.7
82.4
80.9
834
8145
81.5
82.7
85.9
82.5
88.2
83.3
8249
8645
85.7
83.7
82.4
87.0
84.3

84.0

86.4
86.4
89,9
87.3
86.6

C .
80.5
80.2
85.8
8245
86.1
83.8
85,2
85.6
90.0
85.3
92.0
85.6
8444
90,2
87.9
86.4

83.8

90.3
8644
87.6
88.9
89.5
93.7
90,5
89.1

01
78.8

- 80.2

82.3
81.5
83.4
81.6
8i1.64
83.2
85,2
83.4
87,1
83.6
8440
85,8
85.6
84,2
83.7
86.6
8545
83,9
8645
8646
88.9
87,0
86.7

D2
78.1
73,8
80.7
81.1
8240
804
80.1
82.3
83.0
82.€
84,2
82.7
83.5
83.5
8445
83.4
83.3
85.0
8448
8246
85.6
85.7
86e1
85.4
85.8

E#
77.5
78,8
81,0
80,7
82.3
80.6
80.%
82.0
83.7
81.9
85,5
82.6
82,9
84, 4
84.8
83.1
82,5
85,4
84.0
82.7
85,6
85,6
87.4
85,8
85,7

MK&

85.2
86.6
88,2
87,5
88.6
873
87.4
89,0
9045
88.9
91.0
89.1
89,5
90.9
90.3
89.7
89.4
91.7
90.7
89.7
91.6
91.7
92.9
92,1
91,6

MK7

7746
78.5
8.2
79,8
81.1
79.6
73,8
81.4
8244
8i.4
82.9
8145
81.9
83.0
83.2
82,2
8i.6
Bb4osd
8341
81.8
84,1
8465
B5.1
84.5
B4.2

PNL
85.5
86.9
89.0
8840
83.8
88.2
88.1
89.8
91.8
90.4
924
89.8
99%.6
92.3
91.9
90.8
90.5
93.2
92ele
90.8
92.6
93+ 4

94,6

93.7
93.1

PNLC
87.1
88.5
30.6
89.5
91.3
89.6
89.5
914
934
92.1
93.8
91.2
924
93.6
93.3
92.4
92.0
9.8
9440
9243
34.8
95.1
95.9
35.2
94,8

ZWKFF
91.6
92.6
940
93.7
9.7
9340
93.8
95.6
9643
95.6
95.8
95.2
95.8
9640
9641
96.3
95.7
97.6
97.1
96.2
98.0
9844
97.3
97.8
9641

IAKOF
32.5
93.5
S4e8
JL4e6
95.5

3eb
94,7
9644
970
96.3
86l
96.1
9646
36.7
96.9
97.1
36.5
98.3
97.9
96.9
98.7
99,3
97.8
98.5
98.9



HILQUISTTRUCK NOISES 1-25 NBS+STATS 3-2-77
- NQ. 0-A A B c D1 02 E# MK MK7 PNL PNLC ZWKFF ZWKDF

MEAN LEVEL 87,1 78.7 84.1 B6.8 8443 83.0 83.1 89.6 82.0 90.8 92,3 95,7 9€.5
RANGE 13.5 8.0 11.9 13.5 10.1 8.0 9.9 7.7 75 9.1 8.8 6.8 ©e8
SDeN=-1 3.40 2.06 2.89 3.39 2e44 2013 2440 1.99 1.95 2430 2430 1.80 1.70

A And 4



-HILQUIST TRUCK NOISES 26-50 NBS¢STATS 3-2-77

£T=v .

NO.

O B NPV F NN e

N N NN NN O i b e kA e
VI &N RO O 8 N WM E NN oo

0-A
8541
92,2
87.2
92.6
95,2
88,2
9,1
88.9
86.5
97.8
88.&
92.5
89.0
9.5
88.6
89,2
TN
93.0
92.7
97.0
- TN
4.8
93.0
92.5
96, 4

A
81.2
81.1
81.4%
85.5
843
82.1
8h.4
82.6
794
83.6
81.0
80.0
83.5
81.6
82.5
81.6
82.0
85.9
84.2
85.7
8&e2
85.3
87.1
80.4
79.4

B
83.5
88.5
85.2
30.0
91,8
85.8
91.1
87.0
84,0
93.7
86.2
88,6
87.2
90.6
86.6
85.5
90.3
91.3
89.6
93.5
80.7
91.5
91.2
86.5
88.6

C
84,9
92,0
87.0
92.4
95.0
88.0
93.9

88.7

86.3
97.6
88.3
92.3
88.9
9.3
88.5
88.8
9.1
92.9
92,5
96.8
4ol
4.5
92.8
91,8
95,6

D1
84e9
87.9
85.8
90.1
91.1
8643

9046

87.5
B4e7
92.7
86.5
88.0
87.9
89.8
87.0
8641
89.6
91.4
89.6
92,8
905
91,2
91,7
85.9
87.8

02
84 .6
85.9
85.2
89.4
89+2
85.7
88.9
86.6
83.9
89,7
85,4
85.7
874
8743
86,5
85.4
87.3
90 .4
88.3
90,7
88.8
89,7
91.0
84,1
84,7

E?
83.7
86.5
84.9
89.5
90.1
85.4
89.6
86.6
83.5
91.1
85.5
86,4
86.9
88.3
86,2
85.0
88,1
90.7
88.4
91.6
89,1
90,0
90.9
B84.6
85,7

MKb

9G.8
92.9
91.1
95.0
95.2
91.7
94.6
92.5
90.2
95.9
91.2
93.0
92.6
94.0
92.2
91,7
94.5
95.6
94.3
96.7
95.4
95,8
96.2
91.7

93.6

NK7
8245
85,2
83.7
87.7
88,0
84e?2
87.5
8543
82.9
8844
Blel
85.1
8544
8644
84,9
8440
86.8
88.9
87.0
89.6
87.9
837
89.3
83.7
85.1

PNL
91.6
4.5
92.3
96.7
97.2
93,0
96.6
W4
91,5
97.9
93.0
94,6
9,3
9549
93.7
93,0
96.3
98,90
96,2
98.9
7.4
98,0
984.5
92,9
95,0

PNLC
93.3
96, 0
94.3
98.5
98.8
9446
98.1
96.6
93.2
99.3
94e5
96,3
96,3
97.8
95.8
9.8
9840

10C.0
97.9

100.5
99.8
39.7

10046
9442
96. 4

ZWKFF
9649
9845
97.7

100.9

100.1
9842
99.8
38.8
96.9

100.0
97.0
98.3
99,0
98.9
9843
98.5

100.¢

100.9

10043

101.2

191.5

161.6

10263
98.2
99.4

ZWKOF
97 .8
99.2
9844

101.7

100.8
99.1

10646
99.6
9746

10045
9748
98.9
99.8
99,5
99,1
99.4

10006

10146

101.0

10149

10241
102.3

103.1

99.1
100.2



HILQUIST TRUCK NOISES 26-50 NBS+STATS 3-2-77

NO. 0=A A B C D1 D2 Ex MKS MK7 PHL PNLC ZWKFF ZwWKOF

NEAN LEVEL 91.9 82.8 88,7 91.7 88.7 87.3 87.5 93.5 86.1 35.3 97.0 9%.3 100.1
RANGE 12.7 7.7 10.2 12.7 8.1 7.1 8e1 6.5 7.1 7.l Tel Sl 5.5
SDyN-1 3.46 2.16 2.88 Jeltl 2445 2420 20 47 1.91 212 2420 2.33 1.52 1452

9TV



HILQUIST TRUCK NOISES 51-75 NBS+STATS 3-2-77

ST~V

NO,

O ® N O N & N e

N NN NN R B e s e
B F LN 0 N WM NN O

0-A

99,5
98.9
9646
93.5
95.2
98.1
93.7
98.5
92.6
96.7
92.8
9%.6
7.4
97.5
97.5
98.3
W,1
97.5
9646
98.9
96.1
98.0
95.3
99.0
96.1

A
86.2
8645
85,6
87.0
87.5
87.6
87.9
89.8
89.1
85.1
88.5
90.3
86.5
85.4
85.4
89.4
90.2
90.7
87.7
88,8
89.6
89.9
89.3
91.2
85.8

8
95.7
9%.8
91.3
91.1
93.1
94.6
91.8
95.8
91.3
91.6
91.1
%3
934
92.1
92.4
35.7
93.1
95,8
93,6
95.4
9%.3
35.5
93.3
96.8
92,8

c
99,3
9846
96,0
93,3
95.1
97.9
93.6
98,2
92.5
96,1
92.6
95,5
97.1
9649
97.0
98.1
9.0
97.4
96.4
98.7
96.0
97.8
95,2
98.9
95.9

D1
94.7

LY

91.2
91.5
93.2
9443
92.7
95.8
93.0
91.2
92.7
9%. 6
93.2
91.9
92.1
95.5
93.6
95.8
93.6
95.1
OLe?7
95.7
94.0
96.7
9244

b I
92.1
9146
89.7
90.8
92.1
2.4
92.0
94.6
92.9
89.6
92.5
9.0
91.4
90.1
90.3

.9 .1

93.4
94.8
92.2
93+5
93.8
9%.5
93.4
95.6
90.7

E?
93.3
92.5
89.9
90.7
92.4
92,8
91.6
94.9
91.8
90.2
91.4
94,0
91,6
9G.3
90.7
94.5
93.1
95.1
92.6
93.8
93.8
94, 8
93.0
96.C
91.4

MK6
97.9
9843
96.1
95.9
97.5
98.5
97.0
99.9
97.1
95.7
96.7
98,2
97.9
96.9
96.5
99,3
97.9
99,2
97.9
99,3
98.8
99.8
98,2
100.2
9663

MK7
90.8
91.1

- 89,0

89.1
91,1
91,5
90.3
93.6
90,9
88.8
89.5
91.7
90.7
89.7
89.7
93,
91.0
93.1
91.4
92. 4
92.3
33.3
91.6
94,1
83.5

PNL
100.1
10045
98,2
983
108.2
106,59
99.5
102.8
99.7
98.1
99, 4
100.8
100.2
99,1
98.9
102.1
99.8
16240
100.5
10147
101.5
102.6
100.7
1630
98,6

PNLC
10149
13242
10040
1361
13247
102.8,
101.6
184, €
101.7
99.5
101.5
102.7
10241
101.1
100.8
104.1
10148
103.8
102.2
10348
103.5
1046
102.7
10542
100.4

IWKFF
101.6
163.6
1C2.7
16243
153.1
1G3.8
1034
105.1
163.4
16244
1533
1040
103.6
10343
1€2.8
10heb
1034
104.2
103.5
1iLeH
10445
105.2
10445
105.2
101.8

ZWKDF
132.1
104.3
1C3+b
103.1
103.8
1C4 el
10bkel
105.8
1C4e1
1329
10L.0
1ik.3
104.2
1041
1L 3.6
135.1
1C4e3
135.u
10443
1852
185.2
1C5.8
1C5.2
106640
10c+5



HILQUIST TRUCK NOISES 51-75 NBS+STATS 3-2-77

MEAN LEVEL

RANGE
SD.N~1

_9t-v

O-A

96.6
6.9
2.01

88,0
6.1
1.87

93.0
5.7
1.75

c

96.3
6.8
1.99

D1

93.7
5.5
1.55

D2

92.5
6.0
1.69

E#

92.7
6.1
1.70

MK6

37.9
4.5
1.31

MK?7
9i.1

53
1.53

PNL

100.4
4.9
1445

PNLC

102.3
545
1.52

ZWKFF

133.6
9.2
1.01

INKUF

1C4.3
6l
i.01



HILQUIST TRUCK NOISES 76-100NBS+STATS 3-2-77

LTV

b 4
o
.

N NN NN N R e = e R e e e e
N & N O O 0 NV &N O

" 0=A

95.9
98.2
97.0
95.8
100.6
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101.9
99,8
Y6.4
96.3
180.3
98.9
9%.6
100.&
98.6
100.6
ig2.2
98.5
99,8
105.1
105.1
99.6
99,3

A
88.5
90.7
89.4

" 88k

93.1

90.4

92.2
93.9
92.5
92.4
89.9
92.3
92.6
92.6
91.1
92.5
91.8
93,0
94.5
94.7
EL YY)
97.9
98.0
944
90.3

]
93.3
96.10
93.8
92.5
99,2
94.0
9645

100.2
99.4
97 .7
93.2
9%4.8
98.2
97.2
93.9
98.3
9643
98.8

100.4
97 .4
98.7

103.8

103.8
98.5
96.6

C
935.7
98.0
936.8
95.5

100.6
96.1
98.3

102.0

101.8
99,7
96.0
96.1

100.1
98.8
95.4

100.3
98.4

100.5

192,2
98.4
99.7

105.1

105.1
99.6
99.2

01
93,5
9640
94,2
93.6
99,2
95,0
96.7
99, ¢

99,0
97.6
95.3
96.8
S843
97.6
95,6
98,3
9647
98.7

£ 100.2
98.5
9849

103.6

103.6
98.9
96.3

D2
92.6
95.0
93,2
92.8
97.9
4.5
96.2
9846
97 o 4
96.6
9.8
96.6
97.1
96 . 8
95.3
97.1
9549
97.5
99.0
98.1
98,3

102,.4
102.5
9844
34,8

Es
92.7
95.4
92,9
92.0
98.6
93.9
96.1
99,3
98.2
96.9
93.5
95.2
97.6
96.8
94e3
97.4
95.8
98.1
99.6
97.5

- 98.5

163.1
103.1
984 4
95.5

MK6

98.0
1C0.6
93.9
98.1
101.7
98.8
101.1
10343
i01.8
100.8
99,3
100.5
102.2
101.5
99.4
102.0
i20.8
102.1
103.8
132.6
102.5
10641
106.1
102.7
39,9

MK7
914
93.7
91.7
309
5,2
2.
G4k
9743
3548
3448
92.3
93.6
9%.0
5.4
92.5
95,9
94e2
96.0
97.8
955
9642
130.6
100.5
9645
3346

PNL
100.6
102.8

101.1

101.0
104.6
161,5
103.3
106.2
1C4.E
103.6
102.7
103.7
105.1
104t
102.4
104.9
163.2
10546
106.7
10446
105.1
109.0
108.9
105,.4
102.6

PNLC
102.2
104.5
103.0
103.1
106.5
183.9
195.4
137.9
106,23
105.4
104.8
105.9
106.7
106.6
104.8
107 .1
105.4
10644
108.2
106.€
107.3
110.9
110.7
107.8
104, 4

ZWKFF
103.9
175.1
1G5.2
15L.6
16541
1¢5.3
1l6.?
157.0
135.6
105.9
16640
156.5
137.0
166.9
165.9
106.8
166.5
106.2
107.7
137.8
10745
10849
108.8
167.9
15446

IWKDF
1647
13643
10648
10543
16548
16643
107.1
1G748
10644
106.6
16647
10702
10746
16746
13646
15745
16743
1671
10845
10846
1€843
16948
109.7
16847
10545



HILQUIST TRUCK NOISES 76-100NBS+STATS 3-2-77

NO. 0-A A 8 c 01 D2 E¢ MK6 MK7 PNL PNLC ZWKFF ZWKODF

MEAN LEVEL 99.3 92.5 97.3 - 99.2 97.7 96.8 96,8 101.4 35,0 104.1 106.1 106.4 1G7.1
RANGE 9.5 9.6 11,3 9.7 10.1 9.9 11.1 8.1 9.7 9.0 10.9 8.9 9.8
SOsN-1 2466 243 3.02 2473 2+60 248 2486 2413 2451 2416 2011 1.29 1.31

8C-vV



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Jahn, M.
Title: Subjektive und objektive berwertung von Maschinengerghschen

Reference: Acustica, 1965/1966, 16, 175-185.

STIMULI

-
Number and type of noises: Ten machine noises .
Levels: Overall SPLs constant at 74 dB

Mode of presentation; Free field

Analysis: Third octave, one octave

JUDGMENTS

Attribute judged: Loudness

Psychophysical procedure: Tracking - the standard sound was a noise band
200 Hz wide centered on 1000 Hz

Number of observers: 28

OTHER

+ SN

Special features:

Comments: The stendard sound was varied,

A-29



JAHN THIRD OCTAVE NOISES - NBS ¢ STATS 2-28-77

O-A

Thaols
The2
73.8
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SDyN-1 1.33

A
71.6
73.7
735
71.9
70.7
7443
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69.8
7246
7T3el

7243
4.5

1.47

=119

4.6

1.30

8
73,0
T440
73.0
73.6
729
737
7361
733
7249
7345

733
1.1

38

-10.8

4e3

1.32

c
Th,2
7461
73.3
74,2
Ta.1
73,8
73.9
Thels
73.1
73.9

73.9
1.3

2

=103

4.6

1.43

D1 02
79.3 79.0
79.1  79.1
81.0 81.0
78.0 77.8
77.8 77.4
81.9 81.8
78.9  78.5

754 74.8
78.5 78.4
80.2 80.1

78,0 78.8
€.5 6.9
1,83 1.94

-5.1 =5.3
3.4 3.5
1.22 1.31

Es
7644
76,8
78.8
75.7
75.3
79.3
75.8
73.8
75.8
77.2

76.5
5.5
1.63

'7.7
3.t
1.22

MKH

84.2
Bh4e1
85.9
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8301
85.8
B3.3
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8343
84,9

83.9
5.1

1.48

0.3
2.4

82

MK?7 PNL PNLC
7667 85.6 87.3
76.7 85.5 8645
77.9 86.7 87.7
760 B84e? 85.7
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78.2 87.6 87.6.
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The2 81.6 82.2
75.8 84,7 Bue7
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2e5 25 4,8
+ 89 1.04 1.51

ZWCKFF ZWCKLF

89.7
9.8
9G.8
89.0
88.8
96«9
880
8741
38.8
90.1

89.3
346

1.21

5.1

2.6

e84

9G.3
9.6
91.5

89,7
"B9. 4

91.%
BBed
87.7
89.5
95.6

89,9
3¢9

1.25

5.8
2+8

«33
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85.5
83,19
85.0
84,5
84.1
85.0
83.5
81.5
84.5
85.10



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Kryter, K. D.

Title: Scaling human reactions to the sound from aircraft.

Reference: J. Acoust. Soc. Amer., 1959, 31, 1415-1429.

STIMULL
Number and type of noises: Eight aircraft noises:judged in various combinations,

Levels: EXP. I - 85-96 dB SPL overall; EXP, II - 80-95 dB SPL overall;
EXP. IIT1 - 85-103 dB SPL overall ‘

Mode of presentation: via loudspeaker in conference room (diffuse field)

Analysis: one octave (frequencies adjusted)

JUDGMENTS

Attribute judged: Acceptability and disturbance
Psychophysical procedure: adjustment and paired comparisons

Number of observers: EXP., I - 36; EXP, YI - 100; EXP, III - 4-13

OTHER

Special features:

Comments: EXP..I'used four "indoor" filtered aircraft noises,
" EXP., II used seven "indoor" filtered aircraft noises,
EXP, III used six unfiltered sircraft noises,

A-31



KRYTER EXPER1 NBS+STATS 3-3-77

NO. O-A A 8 C D1 02 E# MK6 MK7 PNL PNLC ZWKFF ZWKOF
Saanlrmt, 1. 9.0 81.7 89.5 93.6 88,8 86.8 87.7 92.1 85.0 94.1 99,5 87.6 3843
D¢ 7 2 96.0 82.8 91.9 95,6 91.1 88.7 89.9 83,2 86.6 95.8 10C.3 97.7 98,3
Chepy. 3 88.0 82,9 86,1 87.8 806.3 85.9 85,8 91,2 83.7 92.4 98.7 87.7 98.6
Comex 4 85.0 80.3 83.3 84.8 84.9 84.7 83.6 89,3 82.1 91t 98.1 96.7 9742

[

MEAN LEVEL 90.7 81.9 87.7 90.4 87.7 86.5 86.8 91.5 8443 33. 4 99,2 97.4 9841
RANGE 11,0 2.6 8.6 10.8 6.2 4.0 6.3 3.9 be5 bet 242 i.C led
SD’N‘i 5011 1020 3077 5101 297“ 1.67 2 65 1.64 1.91 1092 «99 49 * 59

e~y



KRYTER EXPER.2 NBS+STATS -3-3-77

0-A

9% 0
95,1
86.5
8440
79.5
80.0
79.5

N

N O Wnm & NN+ O

MEAN LEVEL 85 .5
RANGE 15.6
SDyN=-1 6.70

_EE=V

A
80.1
83.5
76.9

© 76.8

777
78.0

7645

78.5
7.0

2453

8
88.8
92.2
83.5
81.7
78.8
79.2
78.6

83.3
13.6

534

c
93.3
9%.9
86.2
83.8
79.4
79.9
79.4

85.3
15.5

6455

D1
88.1
91.6
83.1
81.8
82.5
83,2

81.2

84.5

10+ 4

3e84

D2
85.7
89.4
B1.6
80.9
B2.5
83,2
81.1

83.5

8.5

8.08

E®
866e9
900
B82.2
81.10
80.5
8140
79.7

83.1
16.9

Lel&

MK6

91i.C
92.6
87.7
86.7
7.6
88.2
86,6

88.6
6.0

2429

MK?7

83.9
36.0
8042
79.5
80.0
80.4
79.3

81.3
6.7

2459

PNL

93.3
95.3
89.3
88.0
89.2
9049
87.6

904
77

2.85

PNLC
9844
99.3
95.2
94,7
92.5
93.3
90.8

94.9
845

3.08

ZWKFF
3642
96.6
93.6
93,5
94,2
4.6
33.5

Q4.6
3.1

1.31

ZWKGF
976U
97.2
Sbhels
EL)
94.9
95.2
94,.2

95,3
3el

1.26



KRYTER EXPER 3 NBS+STATS 3-11-77

NO. 0-A A B c 01 D2 Bt MKE MK7 PNL PNLC ZWKFF ZWKDF

1 100.0 91.9 97.6 99.9 9746 3645 96.8 101.7 9545 10445 107.9 1C7.1 107.5
2 103.0 92+% 100.3 10249 99.7 97.7 98.8 102.5 96e3 10543 107.7 1{6e2 10740
3 93.0 88,2 91.0 92.8 92.8 92.6 91,3 9743 90.0 100.2 103.2 103.5 104.1
L 89.0 87.3 88.3 88.9 91.9 92.0 89.9 95.8 88.3 98.6 101.8 1.2.3 1(2.8
5 85.0 84.9 84.6 8L4.7 91.9 91.8 89.4 94,7 87.4 97.4 100.7 100.5 101.2
6

88,0 86.3 87.5 87.9 91.6 91.6 89,7 95.3 88.3 98,0 101.,4 101.9 1C02.7

MEAN LEYEL 93.0 88.5 91.5 92.8 4.3 93.7 92.6 97.9 91.0 100.7 103.8 103.56 13L.3
RANGE 1840 745 15.7 18.2 Bal 6ot e s 7.8 849 7.9 749 7.1 79
SOyN-1 Te13 3.03 6.15 7.16 3e48 2.69 4,09 3439 3493 3.43 3.22 2457 2e04

be-v



Evaluation of Data on Subjective Effects of Noise
B, Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE -~ Author(s): Kryter, K. D. snd Pearsons, K:
Title: Some effects of spectral content and duration on perceived noise level.

Reference: JASA, 1963,35, 866-883.

STIMULI

Number and type of noises: FEXP.II -nine noises -.several noise bands that varied
' in width and spectral distribution of energy plus

) engine and aircraft noises .

Levels: 79-92 dB SPL overall )

-

Mode of presentation: Loudspeaker in semi-diffuse room,

Analysis: third octave - standard frequencies

JUDGMENTS

Attribute judged: noisiness (acceptability)
Psychophysical procedure: adjustment

Number of observers: 13 - 19

OTHER

Special features: Duration was held constant at 4 secs.

Comments: In EXP.II an octave band 600-1200 Hz wide was used as a standard.
Hence, despite the fact that Os were asked to judge the noisiness
of sounds, it was possible to perform a statistical analysis in
terms of both noisiness and loudness.

A=-35



KRYTER+PEARSON 1963 NBS+STATS 3-3-77

NO. 0-A A B c 01 02 E* MK6 MK7 PNL PNLC ZWCKFF ZWCKODF LL
1 91.8 81.5 89.8 91.8 89,2 87.1 8843 90.1 83.5 92.8 95.9 g2.2 92.9 90.8
2 90.1 89.9 90.1 30.1 90.7 90.8 904 93.€ 85,3 33.8 35.¢ 95%.8 97.6 9C. 2
3 7846 79.6 7840 77.9 89.5 89.3 86.6 87.2 80.3 30.8 96.8 88.8 88.2 96.0
b 79.1 78.6 76.8 76.7 86.4 87.1 86.06 89,7 83.7 89.4 96.0 8645 87.9 9¢.3
5 80.6 80G.5 80.2 80.3 87.5 87.5 85.3 90.7 83.2 93,0 95.8 96.3  97.C 9G.0
6 81.5 82.2 80.7 80.6 91.1 91.2 89.2 92.8 85.1 94,8 98.2 35.8 964 9G.0
7 82.8 78.7 81.6 82,8 82.7 824 81.8 88.1 8C.9 89.1 90.93 9444 95,2 ERRR
8 8743 787 84.7 87.1 BLts 82.6 83e5 88.9 81.6 93.7 92.6 Q4,2 95.4 95,1
9 8.1 79.8 79.3 79.7 87.9 87.7 84.9 91.4 83.4 S4.1 95.8 36.0 96.6 3t.13

MEAN LEVEL 83.5 81.1 824 83.0 B87.7 87.3 86.3 90,3 82.7 92.1 95.3 33.3 9441

RANGE 13.2  11.3  13.3  15.1 Bk BeB  Bu6 6k 5.0 5.7 743 9.8 9.7
 SDyN-1 4095  3.54 4.8k 5,42 2,83  3.06 2,75 2,10 1,87 2,13  2.19 3,51 3,67
Lo
& MEAN DIFF  =6.5 =849 =746 =740 =2.3 =2.7 =3.7 3 =743 2.1 5.3 3.3 4
RANGE 13.2 1143 1343 15.1  B8e4 8.8  B.6  6uk 5.0 5.7 7.3 9.8 9.7

SDyN-1 &, 95 3.54 Le84 Sela2 2.83 3,06 2475 2.19 1.87 2.13 2.19 3,51 2,67



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Little, J. W.
Title: Human response to jet engine noises.

Reference: Noise Control 1961, 7, 11-13.

STIMULI

Number and type of noises: two jet engine noises:
Levels: 94 and 99 dB SPL overall
Mode of presentation: via loudspeakers in a large demonstration room

Analysis: ome octave (non-standard frequencies)

JUDGMENTS

Attribute judged: annoyance
Psychophysical procedure: paired comparisons
Number of observers: 65

OTHER

Special features: tone correction procedure proposed

Comments: Little introduced the 1/24 octave-band analysis which revealed the
effect of tone spikes in the 1200-2400 Hz frequency range.

A-37



LIVTLE JET NOISES NBS+STATS 3-3-77

NO. 0-A A B8
1 99.2 98.9 98.5
2 93.6 93.5 93.0

MEAN LEVEL 96.% 96.2 95.8
RANGE - 5.6  S.4 5.5
SO ,N=-1 403 3,81 3.88

1% /

PNL
111 .4
105.5

1084

114

4.16

IWKFF
112.6
167 .4

110.0

12.6

372

ZWKDF
113.3
108.0

110.6
133
Je71



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE . Author(s): Lubcke, E., Mittasg, G., and
Port, E.

Title: Subjektive und objektive Bewertung von Maschinengerg@uschen.

Reference; Acustica, 1964, 14, 105-114.

STIMULI

Number and type of noises: 21 machine noises
Levels: 40 and 80 dB SPL overall
Mode of presentation: free field (Stuttgart), earphones (Berlin)

Analysis: third octave

JUDGMENTS

Attribute judged: loudness

Psychophysical procedure: tracking - 1/3 octave band 900-1050 Hz wide used as
the standard ) '

Number of observers: 10 (Berlin); 12 (Stuttgart)

OTHER

+ QuABSEEE—

Special features:

Couments: Noises measured at SPLs of 40 and 80 dB in Stuttgart and at 80 dB SPL
only in Berlin. The standard sound was varied.

A-39



LUBCKE,MITTAG,+PORT 40 DB SPL NBS +STATS 3-1-77
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+38
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4Ge b
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1.57

D2
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39,7
b4 e 9

42.4
7.9

2040

'13.3

5.1

170

EZ2
41.5
38.6
Lit.7
39.6
4002
4C.5
39.2
4243
40,1
38.9

4302

40.8
.1

1.92

-11}-8

Lok

1.52

MKb

L8.b
4248
5249
bh.b
4742
46.6
44.C
4S5
47 .6
4241
B2.4

4761
1G.8
3.63

-806
6.9
2049

MK7

434
39.9
Lol
h1e3
Giots
k1.9
39. 4
4409
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45.7

42+ 3
7¢0

2046

-13,3

6.0

1.77

PNL
4743
42.8
511
45.6
4541
45.9
43.7
4340
454
43,4
49,3

4642
8.3
2465

-3, “
5.6
1.77

PNLC
473
4402
5246
4741
4bae7
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45.8
4946
45,8
45,2
50.7

4745
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2448

-8.2
4.8
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2e3
5.9
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LUBCKE,MITTAG + PORT AT 80 OB SPL NBS + STATS 3-2°77A

NO.

O ® N O N & e

O T T o o
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Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman,” J. Bauer
EPA Contract WA 76-E213

SOURCE © Author(s): Molino, J.

Title: NBS Study

Reference: Unpublished, 1976

STIMULI

Number and type of noises: five noises - octave band at 1 KHz, computer
noise, ambient, Phi and cafeteria noise

Levels: Standard stimuli set at 3 0ASPLs: 50, 60, and 70 dB.

Mode of presentation: Loudspeaker, reverberant room

Analysis: Third octave

JUDGMENTS

Attribute judged: loudness

Psychophysical procedure: tracking

Number of obscrvers: 7

OTHER
Special fecatures: Small corrections were made to the loudness leveils to adjust
for the difference between the observed matches and those of the ideal
gveruage listener.
Comments: Two.standards used for the analysis: 1) Octave-band noise centered
at 1 KHz
2) Phi noise
Loudness levels determined from matches to the octave-baud noise. For this
evaluation we assumed that at the same overall SPL an octave-band noise is

as loud as a tone at 1000 Hz.

A-43



AL. 0 OCTAVE AT 590

N

B £ W e O

MEAN LEVEL
RANGE
SOQN'i

MEAN DIFF
RANGE
SOy4N-1

Yh=v _

0-4

58.5
45.3
50.0
L8.3
45.3%

43.5
13.2
5.43

-e5
13.2
5.43

A 3

4/6.9 52.5
W3.6 43.6
50.0 50,0

83,7 4646
hihe b [N

BT 47.4
ot - 8.9
Re?5 3476

-k.3  -2.6
Bete 8.9
275 3476

0B NBS+STATS 3-2-77

C D1
57.7 S54.3
bhe? 5046
50.90 51.7
48.2 49.3
L& 9 51.5

49.1 51,5

13.0 5.0
5.32 1.85
-e9 105

13.0 Se0
5.32 1.85

D2
53.2
50.7
52.0
48.9
51.6

51.3
4.3
1.59

1.3
4.3
1,59

E#
52.3
48,9
50.6
47.8
49,6

49.8
4.5

1.72

445

1.72

MK6

62.7
57.9
57.7
56.4
58.9

58.7
6.3

239

8.7
63

2.39

MK?7 PNL

553 60.5
51.9 56.1
50.9 54.6
50.7 54.8
52.8 574

52.3 5647
Leb 5.9
1.87 2441
2¢3 6.7
4e6 5.9
1.87 2441

PNLC
623
5747
5446
56 ¢ 0
58.7

57.9
7.7

2494

7.9
77

2494

ZWCKFF ZWCKDF

69.3
62+2
60.0
62.9
62.6

63.4
S.0

3.37

13¢4
9,

3.37

6949
B3+3
61lebs
63.9
63.6

bhels .

845
3 24

14.4
845
3e 24

LL
5G.0
560
5.0
50.10
500



Sh-v

MOLINO OCTAVE AT 60 DJ NBS+STATS 3-2-77

NO.  0-A lA  "B c

L65.0  53.& 59,0 64,3
53.8 51241 5241 53,2
60s0 600 60.0 6040
55.1' 50s5 53.&  55.0
51.8  5[0.9 50,9 51.4

N E NN

MEAN LEVEL 57.1- 53.% 55.1 56.8

RANGE 13.2 9.5 9.1 12.9
SO,N=1 5.35 [3.88 4.15 5.28
HEAN DIFF °2.9» - 06 =l o9 ‘3.2
RANGE I 13.2 .5 9.1 12.9
SD’N"i 5035 ! 0'5 "l'ols 5.28

|
!
l

D1
60.9
59.1
€1.7
56.1
58.0

£9.1
2¢24

-+9
Se6
2424

D2
59.8
59,2
62.0
55.7
58.1

58.9
Bel
2.28

rioi

6.3
2.28

E®
5849
57.4
60.6
54.6
56.1

575
6.0
2034

=2¢5
6.0
2¢ 34

MKo6

69.5
66.7
6743
64,1
65.7

6647
S5¢4
1.99

6.7
5ets
1.99

MK?7

61.5
59.8
59.5
57.9
58.7

595

1.35

"05
3¢6
1.35

PNL
6746
65. 2
6540
6243
6o 3

6449
53
1.93

4e9
53
1.93

PNLC
63.5
66.8
6540
63.5
65.6

66e1
6.0
2e2h

a1
€.0
2024

ZNCKFF ZWCKLF

75.8
71.5
702
70,3
6947

7145
6.1
2+5¢C

11.5
6e1
250

To.7
72.4
71.5
7ie3
7G.6

7245
6.l
242

i2.5
6ol
2elt2



MOLINO OCTAVE AT 70 DB NBS+STATS 3-2-77

NO.  0-A
1 T4e2
2 633
3 70.0
4 62+6
5 61.7
MEAN LEVEL  66.
RANGE 12
SDyN-1 549
MEAN DIFF ~3.6
RANGE 12.5
SDyN=-1 5.49

9h-y

A
62.6
61.6
70.0
58.9
€0.r

62.6
12.0
kot

'"o“
1f2.0
holB

8
6842
6146
70.0
6049
6048

643
9.2
bolels

.‘507

9.2
boll

c
73.5
6247
70.90
62.5
6143

66.0
12.2
5.42

40
1242
S.42

01
70.1
6846
71.7
636
6749

68.4
8.1
Je04

~1.6
Bol
3.04

D2
69.0
68.7
72.90
63.2
68.0

68.2
8.8
3.15

~1.8
8.8
3.15

E#
68.1
66,9
70.6
62.1
66.0

66.7
845
3.12

=-3.3
8.5
3.12

MKb

78.0
757
76et
71.6
75.1

75.4
bels
237

5.8t
6ele
2437

MK?

59.8
68.0
68.1
648
67.3

67.6
S50
1.82

2.4
508
i.82

PNL

773
75.2
75.2
7061
74.6

T4.5
72
2.65

4.5
742
2.€5

PNLC ZWCKFF ZWCKDF

79.2 84,7
76.8 80.8
75.2 79.8

T1le4 779
760 79.6
75.7 8C.5

7«8 6.8

2e84 2.54

5.7 1€.5
7.8 6.8
2084 2.54

8544
81.7
81.0
76.7
8643

81.4
6.7
2o k48

11.4
6.7
2eh8

LL
7040
7040
7840
7040
7040



MOLINO PHI AT 58 DB NHS+STATS 3-2-77

'

NO. 0-A A 8 c D1 D2 E# MK6 MK?7 PNL PNLC ZWCKFF ZWCKOF LL

1 64.9 53.3 58.9 64.2 60.8 53.7 58.8 69,4 61.4 67.5 69,4 75,7 T76.6 5840

2 49,8 48,1 8.1 49,2 55.1 55,2 53.4 62,6 5642 60e9 52,5 67.2 6843 5640

3 680 60,0 60.0 60.0 61.7 62.0 60,6 67,3 59,5 65.0 65,0 7Le2 71s5 5840

4 55,0 S50.% 53.3 54.9 5640 55,6 54.5 64.0 5748 6241 63ek 7002 Tied 58490

5 5141 50,2 5002 58.7 5743 57.4 55.4 65.0 58e1 6346 6449 659e0 69.3 58,0
MEAN LEVEL 5642 52.4 546.1 55,8 58.2 58,0 5645 65,7 58,6 63.8 65,0 70.5 71.5
RANGE 15.1  14.9 11.9 15,0 6.6 6.8 7.2 6e8 542 646 6.9 845 8.3
SD,N-1 6431  Be65 5.26 629 2.91 2.85 3.33 2468 1,97 2.57 2464 3418  3.11
MEAN DIFF 1,8 =5.6 =3.9 ~2.2 o2 0.0 =1.5 7.7 eb 5.8 7.0 12.5 13.5
RANGE 15,1 11,9 11.9 15.0 6e6 6.8 7e2 6e8 542 646 6.9 8.5 843
SOsN-1 6+31 k.65 5.26  6.29 2.91 2.85 3.03 2.68 1,97 2457 2464 3418  3.11

LYy-v -



MOLINO PHI AT 68 DB NJS#STATS 3=2=77

NO.

N & N e

MEAN LEVEL
RANGE
SD,N‘i

MEAN DIFF
RANGE
SO,N-1

8y-y

O-A

71.5
59.8 -
700
61.6
59.3

6be s
12.2
5.86

=36

12,2
Se.86

A
59.9
58.1
710.0

67,0

580

60.7
13.0

5.32

7.3
13.0
5.32

8
65.5
58.1
70.0
59.9
S8.4

624
11.9
5.19

5.6
11.9
5,19

C
78.8
59.2
70.0
61.5
58.9

6h.1
11.9
5.86

-3.9
11,9
5.86

01
67.4
65.1
717
62.6
©545

€bels
9.1
3.38

=1.6
9,1
3.38

02
663
65.2
72.0
62.2
65.6

66.2
9.8
3.55

-1.8
9.8
3.55

Es
65.4
63.4
70.6
61.1
63.6

6L.8
9.5
3.58

-3e2
9.5
3.58

MK6

75.5
7245
76.4
76.6
72.8

73.6
5.8
2+ 35

5.6
5.8
2435

MK? PNL PNLC
67 4 74e 5 7643
65.0 71.5 73.2
88.1 75.2 75,2
63.9 59.1 70,3
6542 72.1 73.4

6549 72.5 73.7
4es2 6.1 6.0
1.76 2.46 2429

-2.1 4e5 5-7
ko2 6.1 6.
1.76 24406 2+29

ZWCKFF
82.1
77.5
79.8
76.9
77.2

7847
5.2
2423

10.7
5.2
2423

ZHCKOF
82.9
784
8145
7748
78.1

7

(S 2 Ve
[ 2
[

no
[ )
N
e

 ad
[y
.

[ASEEA NS
.
U?

o

LL
68.0
68.3
58.0
66.0
58.0



6y-v

MOLINO PHI AT 78 DB NQSGSTATS 3=2=-77

NO.

W O£ W N e

NMEAN LEVEL
RANGE
SO ’N'l

MEAN DIFF
RANGE
SOsN-1

{

0-A

. 80.5

69.8
79.0
69. 4
71.0

73.9
11.1
5.37

L.l
11.1
5637

(A
68.9
68.1
79.0
64,8
70.1

70.2
1.2
5.31

-7.8

14.2
5.31

8
7445
68,1
73.0
67.7
7061

71.3
11.3
4480

-6e1
11.3
4.80

c
79.8
69,2
79.0
69.3
7046

73.6
10.6
5435

“Lols
10.6
5.35

D1
764
75.1
80.7
7044
772

75.9
10,3 .
3e74

-2.1
16.3
Je74

D2
7543
75.2
81.0
70.0
773

75.7
11.9
3.96

"203
11.0
3.96

£z
Thek
73.4
78.6
6849
753

T4e3
1Ge7
3485

3.7
1C.7
3. 85

MK®

83.6
81.7
8443
777
B3¢k

82.1
6.6

2+65

LY 1
6.6

2. 65

MK7 PNL
75.4 83.9
73.6 81.8

75.8 8444
7G.7 77.2
75.2 B4.1

74,1 82.3
5.1 7.2
2,10 3.02

-3.9 43
Se1 7.2
2410 3,32

PNLC
85,8
83.5
8444
78.4
85.5

83.5
Tel

297

5.5
Tels

2.97

ZWCKFF ZWCKDF

90.4
86.9
8840
8L4e3
88.2

87.6
6.1
2,223

9.6
6.1
2.23

91,1
8747
89,2
85,1
88.9

B8.is
6.0
2622

156w
ey
2622

LL
7842
78438
78.0
7643
78.17



Evaluation of Data on Subjective Effects of Noise
B, Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Pearsons, K.S., and Bennett,
R. L.

Title: The effects of temporal and spectral combinations on the judged noisiness
of aircreft sounds.

Reference: FAA report, 1969. Also, JASA, 1971, 49, 1076-1082.

STIMULI

Number and type of noises: 70 recordings of simulated and real aircraft
spectra with and without tonal components.

Levels: 64~91 dB SPL overall
Mode of presentation: free field

Anglysis: third octave

JUDGMENTS

Attribute judged: noisiness (acceptability)
Psychophysical procedure: PEST

Number of observers: 20

OTHER
Special features: EXP.I: duration 10 dB down from Max. was constant at 10 sec.
Five .spectra and six temporal patterns were used in
30 different combinations. Two spectra contained single
Comments: pure tones, :

EXP,II: Both duration and type of spectra were varied in 20
different combinations. Durations 10 dB down from Mgx.
ranged from 1-100 secs. Some spectra contained single
pure tomes.

EXP,III: Twenty real aircraft sounds that varied in spectrs,
duration snd temporsl patterns.
A-50
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79.4
8240
82.5
84,9
86.7
78.5
81.9
8Ce2
B34
85.1
78.3
82.0
81.1
82.8
8546
78.8
799
8Ge6
83.1
86,5
78.5
804
81.8
79.8
83.2
7Tie4

D2
85.1
87.8
78,7
81.9
824
85.3
86.6
77.9
81i.8
80.0
837
85.0
77.6
81.9
81.0
83.2
8545
78.2
73.8
8.4
83.4
86.4
78.0
803
816
8i.2
83.1
70.7

Ef
83.5
85.5
78.8
79.5
80.4
83.7
84.2
78.0
79.5
78.1
82.1
82.6
77.7
79.6
79.0
81.5
831
7843
77.5
78 4
81.8
8L4a.1
7.8
7840
73,7
7846
80.8
70.8

MK

88.9
88.4
85.0
82.7
87,9
88,5
87.0
Bholy
82,7
86,2
86.9
85.6
84.2
82.9
86,9
Bb.b
86.0
84,7
80.8
8643
86.7
87.0
84,8
81,2
87.6
84,2
83.9
77.8

MK?7

8030
8048
77.7
7449
79.6
80.2
79.5
770
The 8
779
78.8
7801
768
75+ 0
78.6
78.5
78+ 6
77.3
72.8
7841
78.7
73.6
7649
7343
73.3
76.2
76e 4t
70.6

PNL
89.7
90,7
85.7
8545
89.0
83.8
89.5
8540
8545
8649
8843
88,0
84,7
85.7
87.6
87.9
88,5
8542
8344
87.2
88.0
83.5
84 .8
83.9
88.5
85.1
8640
77,0

PNLC
903
91.8
90.5
9G6.7
89.5
90.5
99.7
89,8
90.8
87.5
88.9
88.9
89.4
90.8
88.2
8844
89.6
90.1
8849
87.2
88.6
90.7
83946
89.3
89.2
85.8
8740
82.3

ZWKFF
93.1
91.5
91.2
8445
93.1
93.3
903
9042
Ble3
91.6
91.9
88.8
90.8
BUe?
92.3
91.5
86,3
90.5
8244
91.0
91.7
90.2
9C.6
82.9
32.9
89.3
87.1
83.6

ZWKDF
9b4e1
91.8
91.9 -
GLe1
93.7
Ghe3
9045
9G.9
83,9
92.2
9249
83,2
9{.7
8443
92.9
92.5
8946
91.3
82.¢C
92.2
92.7
9C.5
91.5
82.5
93.5
9043
8745
84,3



PEARSONS+BENNETTEST1 *BS*STATS 3=3-77

NO. 0-A 1 8 C D1 D2 Es MK6 MK7 PNL PNLC ZWKFF ZWKDF
29 65.6 6.6 64.93 64.9 7645 [4-XL T4e D 77.9 69.7 80.1 85.2 79.2 7069
30 74.0 8.1 70.1 73.4 764 76e2 . The?2 82.8 748 83.1 83.6 88.3 88.5

RANGE 17,3 6.1 17.9 18.0 1645 17 .1 1447 10.7 11.1 13.3 9.5 1441 154

MEAN LEVEL 76.5 &.5 75,2 76.1 81.5 81.3 79.7 84,9 7740 8643 88.8 89.1 8945
SOsN-1 helt2 ﬁhoZ? 453 4.67 3451 3.71 325 2.81 2476 2494 2.21 3.704 holl

SV



PEARSONS+BENNETT TEST% NBS+STATS 3-3-77

NO. 0-A A B8 c b1 02 ke MKé MK7 PNL PNLC ZWKFF ZWKDF

1 86e1 *9.0 8146 85,5 B87¢3 B87¢0 85¢2 92,6 84¢6 9446  Iheb 9843  98.9
2 90.3  83.8 B8.4 90,2 89.0 88,2 88.2 92,9 80.2 95.2 100.8  39.4 1CC.é
3 88.0 81.0 B86.1 87.9 B86.6 B85.8 85.8 90,9 83.9 92.8 98.4 97.2  97.6
b 83.6 6.5 B81.6 83.5 82,0 B81.2 B81.2 87,6 79,6 8840 935 9341 9347
S  82.0 75.5 77.7 81.4 84e0 83.7 81.8 89,6 81,2 91.0 91,0 94,3 95,5
6 8241 75.2 B80.3 82.0 80.7 79.9 80.0 85.8 78.5 86.7 92.3 92.0 9Z.e
7 81.8 7548 7943 81,7 80.5 79.8 79,7 85.8 78.4 86.6 92,2 91.9  92.5
8 8241 7540 77.6 B81.5 83.3 83.0 81,2 89,1 80.9 93.4 90.4 94.8  95.4
3 78.8 7|1.9  76.3 78,7 77.5 76.7 76.7 82,9 75,7 83.4  89.0 39,1  89.7
10 - 7840 7148 76.1 77.9 7646 75.8 75.8 B82.2 T4e9 82.5 B86.1  88.3 8845
11 73.6 o6 7146 7345 72,0 T1.2 71.2 781 7049 77.6 83,1 B4l  Bua7
12 78.5 ob  73.9  77.9  79.8 79.5 77.7 85.9 7748 86.7 3842 91.4 9240
13 75.5 e3  73.5 75.4 73.9 73.1 T3.1 79.8 7247 79.7 B85.3 85.3 3645
1 754 6Bek 73,4 75,3 73,9 7342 7341 80e1 73430 80.0 83.3 8643 8649
15  73.6 6b.5 69,1  73.0 74,8 74,5 72,7 81,7 73.6 81.7 81,7 B87.2 87.8
16 71.8 6ke3 9.3 71.7 70.5 63.7 69.7 76.5 63.6 T6.1 81,7 82,6 83.3

17  367e0 6De0 6541 65643 €5.6 64e8 HUsB8 72.2 65,2 71.0 76.6 77.9  738.6
i8 6he1 5#-0 62.1 64,0 62.5 01.7 61.7 69.2 62.4 67,6 73,1 74,9 7540
19 88.6 8@.3 86.9 88.5 87.5 36.8 86.5 91.9 85.1 33.9 95.1 98.1 387
20 7563 68e2 7363 7542 7347 T2¢8 729 7945 724 7943  84s& 85,5 8642

MEAN LEVEL 78.8 7.8 76,3 78.6 78,1 774 77.0 83.7 76,3 84,2 88.2 39.6 e ed
RANGE 2642 26.4 2643 26.2 2645 26.5 2645 23.7 23.8 27.6 27.7 2445 24 et

i

SDyN=-1 697 ?.07 6.9 6,95 7¢33 7,041 7Telk 6.69 6e52 7.76 7.C2 6.76 6e72



PEARSONS+BENNETT TEST?-NBS+STATS 3=3=77

NO.

W @ N O N & L4 N -

P e e b R e
O 0 N O N1 & W N P+ o

20

MEAN LEVEL
RANGE
SD,N-1

0-A

 79.7

78.2
T4 7
75.7
75.6
7842
78.2
83.7
85.5
8840
86.4
862
82.8
82.2
87.5
83.6
82.5
90e5
86,2
87.0

82.6
15.8
&e66

A
7.6

5.7
5e3
6e3
6e1
845
5.6
7.5
ﬁr.r
8119
79,4

: ]
77.3

79.1
78.2
80.2
77.0
77.5
79.1
79.4
79.2

77.9
6.6
1.71

B
78.8
77.3
74,1
75.2
75.4
7745
76,8
82.0
83.1
86.5
33.8
83.8
81.6
81.0
85.8
81.3
81.1
87.5
84.3
84.9

81.1
13.4
h.02

c
79.6
78.1
The2
75.3
75.2
77.8
77.9
83.6
85.4
87.9
86.2
86.1
82.7
82.1
87.4%
83.5
82.4
90.%
86.1
86.9

82.4
16.2
L,76

01
83,8
82.5
B4e6
85.0
Bl
87.0
83.8
82.8 -
83.2
8647
83.7
83.6
Bl oy
83.3
85.7
8lie2
81.8
8647
85.1
8449

8L.le
52
1.41

D2
83.7
82.3
8462
84,7
8442
86.8
3346
8241
82.3
86.0

82.9 .

82.1
84s2
83.9
84.6
83.5
81.4
84.6
8442
83,7

83.7
Sels
1.35

E#

81.5

80.0

81i.1

81.3

81.0

83.4
81.5
81.7
8243
86.1
83.1
8246
82.7
8146
85.0
8241
8G.9
85.7
83.9
8440

82.6
6e1
1.67

MK6

8848
87 .4
8642
87.C
87.2
89.2
88,6
87.8
88,2
91.1
89.2
88.8
89.9
88,4
89.8
8849
6647
90.6
9843
8946

88.7
4.9
1.34

MK7
81.1
79.5
7843
78.9
79.1
81.2
80.5
80,8
8048
8441
81.6
8140
82.3
80,3
82.6
81lels
79.5
8340
8249
82e1

81.1
58
1.51

PNL

30e4
89.5
88.8
89;8
89,9
92.2
90.3
89.0
89,5
93.1
90.3
90e&
91.6
90.2
91,7
91.8
87.7
92.2
91.7
91.1

90.5
5S¢4
1.32

PNLC
90.9
91.2
91.2
91,2
924
9443
95.8
9G.3
91.¢C
93.1
91.7
91.3
93.2
91.3
92.2
92,9
88.5
92.9
92.4
92,3

91.8
5.8
1.28

INKFF
Q4.7
93.9
89,9
9C.7
91.1
92.6
3346
94.0
33.9
86, &
94,8
93.9
95.9
ELTY)
94.9
95.0C
92,6
94.2
96.0
4.6

93.8
6.9
1.77

ZWKODF
9543
93.5
9642
9048
9144
92.9
ST
94,7
945
97.6
95.7
heb
9646
3546
9546
95,4
95343
4,6
96,7
95.3

94.4
Tl
1.92



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Pearsoms, K.S., Bishop, D.E.
and Horonjeff, R.D.

Ticleg Judged noisiness of modulated and multiple tones in broad-band noise.

Reference: JASA, 1969, 45, 742-750. Also NASA report, 1968.

STIMULI

Number and type of noises: over 100 - octave band noises plus tones, single
and multiple tones in broad-band noise, and single
tones

Levels: 59-110 dB SPL overall
Mode of presentation: free field

Anslysis: third octave

JUDGMENTS

Attribute judged: Test I - loudness and noisiness or acceptability
Tests II and III - acceptability

Psychophysical procedure: constant stimuli - standard sounds were either a
. jet, Noy, or octave-band noise

Number of observers: Test I - two groups of 20 Os each
Tests 11 and IITI - 20 Cs each

OTHER

Special features:

Comments: Tests conducted with stimuli containing relatively strong discrete

frequency components, i.e., S/N at + 25 dB as measured in 1/3 octave
bands.

A-55



PEARSON ET AL. SER=I,{INST=L, NOISE=NOY 3-8-77

NO,

o VM & WWN

MEAN LEVEL
RANGE
SD,yN-1

96~y

0-A

90.1
88.0
87 .4
82.9
764

85.0
13.7
5.45

| A

81.6
84.6
87.1
83.0
?5.6

82.4
11.5
o 31

8
88.8
87.6
87.3
82.4
75.2

84,2
13.6
5.62

C
96.1
88.0
874
82.7
75.9

84.8
14.2
5.67

D1

88.6
8747
87.4
89.7
85.4

87.7

4e3
1.59

D2

87.2
87.9
87.3
89.7
85.2

87.5

4e5
1.61

X

87.9
88.0
87.3
86.0
83,0

86¢4
5.0
2. 06

MK6

90.9
3249
93.8
92.5
88.3

91.7
S.5
2.16

MK7

83.4
85.4
LAY
83.7
79,8

8343
5.6
2.11

PNL

93.1
4.4
93,4
95,1
93,6

33.3
4.5
1.72

PNLC
964
181.2
100.1
.101.8
36,2

99.1
5.6
2.64

INKFF
93.8
S5.8
95.1
34.5
90.7

94.0
5.1
1.99

ZHKOF
bk
36.7
7.0
9443
907

9447
6e3
2e01



PEARSON ET AL, SER=IIT; INST=A, NOISE=NOY 3-8-77

NO. 0-A {A B c D1 D2 Ez MKe MK7 PNL PNLC ZWKFF ZWKOF
2 80.1 *1.6 78,8 80.1 78.6 772 779 81.% T3¢k 82.9 8€.2 84e7 85.3
3 73.5 70.1 73.1 73.5 73.2 73.4 73.5 79.6 71.1 79.6 86.3 82.5 83.6
4 66.9 66,6 66,8 66.9 66.9 66.8 66.8 The8 64406 7244 79.1 75.7 77.6
5 62. 4 62.5 61.9 62.2 69.2 69.2 65.5 73.8 bhe2 7443 81.90 75.1 75.5
6 58,9 %8.1 577 58.4 67.9 67.7 65.5 7244 63e3 72.8 78.4 737 Thed

MEAN LEVEL 68. % 58 67.6 68.2 71.1 70.9 69.8 76.4 673 76els 82.2 78.3 79.2
RANGE - 21.2 3.5 21.1 21.7 11.7 10.4 12.4 9.1 10.1 10.5 7.9 11.0 11.3
SD,N-1 8453 ‘5.53 B8.48 8.71 ke80 4.33 5.60 3493 4.58 4462 3+83 4.91 4.98

LS~V



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Pearsomns, K. S. and Wells; R.J.
Title: Judged noisiness of sounds containing multiple pure tones.

Reference: Paper presented at 78th ASA, 1969

STIMULI

‘Number and type of noises: 28 broadband and multiple tone stimuli
(19 used in analyses)

Levels: GE: 78-92 dB SPL overall; BBN: 81-90 dB SPL overall
Mode of presentation: free field

Analysis: third octave

JUDGMENTS

Attribute judged: noisiness

Psychophysical procedure: adjustment - standard stimulus was a broadband noise.
The comparison sounds were varied.

Number of observers: two groups: BBN - 20
GE - 30
OTHER

Special features: multiple tonal components

Comments: The stimuli were constructed sounds ‘that were representative of high
by-pass ratio turbofan engine noises. GE and BBN datas were in good
agreement,

A-58



65~V

Pearsons €
WELLS,1969 (BBN) NOISE 1-19

NO. 0-A A 8 € D1 D2 X MK6 MK7 PNL PNLC ZwWKFF ZWKODF
1 88,7 8.4 88.1 88.6 93.1 93.3 90.5 96.7 8844 39.1 9941 1G1.8 14244
2 87.5 7.1 86.7 87.3 91.9 92.1 89,3 95.8 87 o &4 98.1 98.1 101.0 131.6
3 86.1 5.5 85.3 85.9 96«3 90.4% 87.7 Sbkets 85.9 96.5 97.1 99,7 1G04
& 86.0 Se7 8543 85.8 90.7 90.8 88,0 94,5 86.0 96.7 967 99,8 10C.4
5 "85.8 5.0 85.0 8547 89,1 89.2 86.9 93.6 84.8 95.1 95.6 99,1 93,8

6 86.7 6.2 85.9 86.5 91.3 91.5 88.7 95.2 86.8 97.¢ 96e5 100e7 10163
7 86.0 S5¢5 85.2 85.8 90.5 90.7 87.9 4.6 86.1 96.8 9648 100.0 100e6
8 90,3 7.9 89,3 90.2 91.7 92.2 90.3 97.6 89.3 99.9 103.2 152.3 153.2
9 87.1 5.2 86.2 86.9 89.2 89,6 87.4 95.0 86.5 97.2 100.2 9948 1Gi.7

10 87.2 Se1 86.2 87.0 89.0 89,5 874 4.9 864 97+1 100.3 98.8 10C.t

11 63.0 2.0- 82.2 8247 90.2 89,9 86.8 92,8 85.2 35.9 99.0 97.7 98.40

12 828 82.3 81.6 82.1 89.8 89.5 86.4 92.5 84.9 9546 98.3 S7.3 37.6

13 81.5 8i1.5 80.8 81.2 89.3 89.0 85.9 91.9 B84e2 95.0 98.2 96.4 96.8

16 83.8 8ike 1 83.0 83.3 91.8 91.9 89.5 94.5 86.3 96.5 99,5 38.7 98,9

15 81.7  82.0 80.9 81.2 89.7 89.7 87.2 . 92.5 8442 ey 97.5 96.9 9741

16 81k 8i1.7 80.6 80.9 89.5 89.+5 87.0 92.3 839 94.1 97.5 96.6 96.8

1?7 82.4 8)2.6 81.4 81i.8 91.5 91.3 88,5 92.7 85.2 95.7 97.7 97.0 37.3

18 824 8R2.7 8l.4 81.8 91.5 91.3 884 92.6 85.2 95.6 97.6 37.0 9743

19 80.9 8i1.2 79.9 8043 89.9 89.7 86.8 91.2 83.6 94.1 96.2 95.7 95.9

MEAN LEVEL 843 8803 840 Bu4ed 90.5 90.6 87.9 4l 85.8 0.4 9843 3648 33,3

RANGE Sels 2 & 9.9 hel he3 4.6 Gole 5.7 5.8 7.6 6.6 7.3
SO.N~-1 282 e22- 2.83 2496 1.18 1.22 1.27 1.72 1.49 1.58 1.77 1.95 2416



09-v

YearrdSens & _ L
WELLS GE NOISES NBS # STATS 3-10-77

NO.  0-A §A B c D1 02 Ef  MK6  MK7  PNL  PNLC ZWKFF  ZWKDF
1 .90.8 to.s 9042 90,6 95.3  95.4 92,7 9846 90¢8 101e4 101e4 10400 10448

2 844 8348 8346 84,2 83,5 89,5 86.8 92,9 85.0 95.2 95.2 99.1  99.6

3 B4el  83.6  83.2 B3.8 89.0 89.1 8E.4 92,7 Bu4.b 4B  9he8  98.8  9%.«
% B84.5  8k.0 83,8 84,3 89,8 89.8 87.2 93.1 85.1 95.2 96.5 99.3  99.0

5  83.2 82.5 82¢3 83,0 87.9 88.0 85,3 91.8 B83.5 9348 95.0 97.9 9645

6  B3.9 83.5 B83.4 83.8 891 8341 B86e5 9246 Biueb  95.0 96.1 3847 9943

7 83,5 82,9 82.8 83.3 88.5 88.5 85.9 92,1 B4el 9443 95.5 98,3  98.9

8 92,2 89.1 91,3 92.1 92.7  93.0 91.9 98.1 93.5 100.5 103.2 10347 10k

9  87.8 87.0 87.2 87.6 90.8 91.5 88,7 96,7 88,1 98.9 102.8 100.6 10l.4
10 88.3 87,5 87.8 88,2 91.4  92.1 89,3 97,2  B8B.6 99,5 103.4 101e1 131.9
11 ' 85.1 85,6 B84e7 B4s3 92,9 92,7 - 89.5 95.0 87.7 98.4 101.3  99.4  99.6
12 83.1  83.5 82.7 82.9 91.0 90.8 87.6 93.3 B85.8 96.5 100.3 97.8  38.0
13 83.0 83.2 82.5 82.8 90.4% 90.2 87.0 92.9 B85.4 96.0 99.6 97.7  97.9
14 81,6 82,3  81.1  81.2 90e1 9041 87,6 9243 B4el 9443  9Be1 9646  Ite7?
15 7847 71943 7841 7842 B87e1 87,2 B84s7 89,7 813  91.4 95,1 94D I4.l
16 78,2 78.8 77.7 77.8 8646 86.6 B84.0 59.0 B80.6 90.7 940  93.6  93.7
17 83.7  sh.s  83.0  83.1  93.1 92.9 90.2 93.7 86.2 96.6 98.3  97.8 ° 9bu
18 78,8 79.5 78.1 78,2 88.2 88.1 B5.4 B89.2 B81.6 91.9 92,8 93.5 3.7

19 77.9 7#06 77.2 773 87.3 87.2 84.6 88.3 80.7 90.9 92,3 92.6 9249

MEAN LEVEL 83.8 83.6 83.2 83.5 S0.0 30.1 87.4 83,1 B85.2° 95.5 97.7 ag.1 98.6
RANGE 14,3 11.9 16.1 14.8 8e7 8.8 8.7 10.3 10.2 10.7 11.1 11.4 11.7
SO,N-1 3.95 30 3.95 4,009 2432 2.36 2043 2497 3,01 3.15 3.62 3.13 3.35



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE ~ Author(s): Quietzsch, G.

Title: Objektive und Subjektive Lautstdrkemessungen.

Reference: Acustica, 1955, Akust.Beih. 1, 49-66.

STIMULI

Number and type of noises: 37 noises recorded from a variety of sources
Levels: 47 - 98 dB SPL overall

Mode of presentation: 27 noises in free field; 10 noises through loudspeskers
in diffuse field

Analysis: ome octave

JUDGMENTS

Attribute judged: 1oudness

Psychophysical procedure:  constant stimuli or adjustment
Standard: 1 KHz tone or a band of noise 900-1120 Hz

wide
Number of observers: 20

OTHER

Special features:

Comments: Observers varied only the loudness of the 1 KHz tone or the narrow band
of noise. The SPLs of the 37 comparison stimuli remained fixed.

A-61



29~V

QUIETZSCH NOISES FREE FIELD N8BS ¢ STATS

NO.

O N U N

ig
11
12
14
15
17
18
19
20
21
22
23
26
27
28
29
30
31
32
33
36
37

0-A

98.5
82.5
97.1
86.3
82.9
92.0
95.5
77.5
€9.9
98.6
69.8
95.8
61.5
9%.7
.1
61.9
63.6
6241
65.5
The?
71.0

55,6
5449

52.8
7045
65.9
7542

‘A
9.4
8.9
3.1
8.6

82.5

89.6

94.1

67.6

69.7
87.6
69,1
92.6
60.6
88.0
68.2
60.6%
€1.0
61.7
63.1
7h.7
7.0
56.5
5k.6
52.3
71.3
65.3
7%.0

8
32.6

" 81.3

95.2
81.7
82.3
90.4
95.8
73
69.6

. 95.0

69.4
95,0

- 61.0

92.1
83.2
60.7
61.8
60.9
63.4
73.0
71.0
55.2
S5L4Le1
52.5
70.4
65.5
73.3

c
97.5
8244
96.8
85.7
82.7
9146
9544
77.0
69,7
38,3
6947
35.8
61.3
ek
92.8
6146
63.2
61.6
6540
72.9
7140
5542
5445
5248
70.3
65.6
73.2

3-15-77

01 02
93,7 93.2
83.6 83.5
39,2 99.1
83.9 83.5
88.1 88,2
96,2 96,1
100.0 100.0
73.3  72.0
7S.4 754
W.6 92,8
73.4  73.6
97.5 97.4
66.1 66.3
el  93.8
82.2 76.7
68.0 67.8
67.9 67.9
7C.1 _ 69.9
69.2 69,2
83.1 83.6
Thel  Tho7
63.9 63.9
61.7 6146
56¢3 5646
76.6 76.9
69.7 70.1
83.2 83.9

t#
92.2
82.90
97.4
81.8
85.4
93.8
97.9
723
732
93.5
7142
96.0
ble2
92.8
78.4
65.1
66480
6742
67.1
8247
7244
61.0
58.8
54e 0
735
69,2
83,2

MK6
98,5
88.8
103.5
89,9
92,0
99,9
103.2
80.4
79.8
99,1
79.4
101,6
72.3
98,8
87.1
73.8
7543
TheB
75.9
85.7
78.8
6642
67,0
62.4
794
77.1
86,0

MK7

91.3
8140
9.7
81.8
Bie 0
92,9
9646
72.9
72.9
9245
71.5
.7
65.9
92.1
7649
6644
67.7
6742
6845
7749
70.9
5943
603
55, 2
71.1
691
7740

PNL
101.4
90.6
106.5
91.7
LYY
102.9
10643
79.8
80.4
101.8
80.0
134.6
720
101.7
87.6
735
T4e2
74.9
75.1
8d.2
73.7
66.2
66.04
61.8
81.1
757
86.3

PNLC
1041
93,.1
109.8
Mol
97.7
106.2
109.€
82.0
833
105.1
B2.2
108.0
745
105,13
9C.5
75.9
7648
77.5
77.8
89.6
83.1
72.8
68.3
64.9
84.8
787
89.6

INCKFF ZWCKOF

165.6
5.4
139.2
96.8
97.8
155.8
108.7
86.8
86.1
134.06
85.0
10743
78+ 4
165.3
34,2
79.4
80.8
79.9
82.1
8Beu
840
69.8
72.5
B7.4
83.4
8147
85.3

106e &
96.0
110.0
974
98eit
1066.4
109.5
87.7
86.9
165,00
85,7
10640
79.3
1C6.0
94,3
8C.0
81.7
8l.4
83.3
874
Bueb
7ol
7342
6841
83,7
83.0
6.5

L
38.0
88.0

103.9
91.5
92.5

101.0

105.9
84,5
82.0

183.0
83.0

1€5.5
7640
iC4.0
32.0
78.0
8G.5
79.5
82,8
82.0
8640
59.90
73.5
71.0
86.0
82.0
87.5



QUIETZSCH NOISES FREE FIELD NBS + STATS 3-15-77
NO. O-A A B8 c D1 02 E# MK®& MK7 PNL PNLC ZWCKFF ZnWCKDF

MEAN LEVEL 76.7 }3.2 T4.8 76.2 79.5 79.2 77.5 8443 76.8 85.3 884 89.6 ICel

RANGE 45.8 81.8 42,7  45.5  43.7  43.4  43.9  blel 1.5 4ke7  Ghed  L1.B L1.9
SOyN=4 15.01 i2077 13,99 14097 1267 12.52 12.9C 12.07 12,17 13.41 13.46 12.51 12.52
"EAN OIFF ‘11.1 -#406 °1300 '11.6 “8.3 ‘8.5 ‘1003 ‘305 -11.0 '2.5 -5 1.8 ) 205
RANGE 25,2 46.5 16.1 22,2 18.4  18.5 18.5 13.6 12.9 15.5 1549  12.9  12.4
SDyN~1 5.83 hel5 Le39 5.69 400 4.25 4.21 3.07 3. 16 he 0l Le24 3.28 3.23

£9-Vv

LL



QUIETZSCH NOISES NBS#STATS 3-11-77

NO.

8
13
16
24
25
34
35

| MEAN LEVEL
| RANGE
SO, N-1

9=y

! MEAN DIFF
RANGE
SD,N’i

0=-A A
75.0  B5.6
S4e8 0.0
53.0 $3.6
53.8 49,1
49.2 42,9
48,9  37.7
4901 44,7
573 87,2
51.9 ©2.1
W74 42,6
54.0 48,5
27.6  27.9
7.99 (8,19
=75 =1/3.8
17.7  1l1.0
6.72 [3.76

8
72.1
53.8
50.1
52.9
7.7
45.4
47.7
5645
50.6
44,5

52¢1
27.6
7.96

-9,.,4
15.6
6.27

C
74,8
She7
52.8
53.8
49,1
LB.7
49.1
56.7
50.5
46,9

537
27.9
8.03

7.8
18.1
6.59

D1
71.6
Shel
43.8
5341
47.5
45.0
49,2
65.0
60.5
49,9

5446
26.6
8.52

=-6.9
9,7
3. 32

D2
70.2
53.9
L8842
52.8
4648
L3.1
48.9
651
6.8
49,7

5440
27.1
8.70

'7.5
8.5
24590

EZ
7Ce9
537
4849
5248
47,2
43.8
L7.9
631
59,4
47.8

53.6
27.1
Bels?

'7.9.
11,1
3.77

MK6

TOeklt
61.C
5442
594
5242
4649
5640
71.3
66l
56.9

60.1
29.5
9,01

-1.4
7.5
2.50

MK7

69.2
54e7
4845

53,3

47.3
42.2
50.1
639
5846
50.8

53.9
27.0
8+12

‘706
6.7
253

PNL

7545
59,8
5242
57.5
50.7
46.6
54,5
69.9
b4.5
55.2

58.6
29.3
9447

'209
8.7
2+58

PNLC
7845
0142
53.6
5943
52.0
48,1
55.9
72.5
67,30
56.8

6C.5
30.4
9.55

. =1.0

S.7
2.83

ZNCKFF ZWCKODF

31.8
65.9
59.5
6349
574
54,5
62.2
75.7
6843
625

65.2
273

8.32

3.7
7¢3

248

&2e7
06.9
6Ce7
6540
5847
554

63¢1

76.5
6943
63e4

6642
2743

8423

be7
7e3

2452

tL
7445
BCa5
535
6l.0
53.0
49,90
61.0
T4.5
66.5
62.5



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE - Author(s): Rademacher, H.

Title: Die Lautstidrke von Kraftfahrzeuggerduschen,

Reference: Acustica, 1959, 9, 93-108

STIMULI

Number and type of noises: 24 motorcycle noises

Levels: 71-87 dB SPL overall

Mode of presentation: outdoors in open air (free field)

Analysis: one octave (non-standard frequencies)

JUDGMENTS

Attribute judged: loudness and annoyance

Psychophysical procedure: category estimations of loudness and a rating scale
from 1-8. '

Number of observers: 20 - 25

OTHER

Special features:

Comments: Loudness and annoyance produce very similiar results.

A~-65



99-v.

RAOEMACHER NOISES NBS+STATS 3-3-77

NO.

O W oo N OV W N e

0-A

81.0
79.1
84,1

87.2

88.9
83.7
89.56
83.0
91.0
95.8
89.6
9446
82.0
89.4
B4,
91,9
87.4
92.0
86.2
94,2
847
78.9
87.0
92.8

A

77.2
7642
78.7
80.1
80.3
79.6
81.7
82.2
86.1
90.1
85.2
89.8
79.5
80.9
79.7
78.6

' 79.5

79.9
83.3
85.6
70.3
72.7

o

B
80.4
78.3
82.8
85.0
85.9
81.9
87.8
82,3
83.4
94,7
87.7
93.6
81.1
86,9
83.0
B87.4
85.3
88,3
85.1
90.9
800
774
8448
90.6

c
81,0
79.0
8ol
87.0
8847
83.6
89.6
82.8
90,9
95.8
89.5
4.5
81.8
89.3
84.3
91.6
87.3
91.8

86,0 -

93.9
8h4osls
78.8
86.8
92.8

D1
82.2
82.6
84.8
86.2
87.1
85,1

88.0
90,2
92,7

94.9
92.8
k.5
87.8
87.3
86,2
86.9
B6e2
87.5
91,2
91,3
79.4
78.2
87.1
90.4

D2
8243
82.4
84,2
85.4
86.1
84,8
86.9

89,9

92.3
9?.5
92.4
94,2
87ets
8642
85.7
84.7
85.0
85.4
90.9
90 .4
7648
77.6
86.7
88.6

£t
81.2
80.5
83.3
84,9
85.5
83.2
87.2
87.1
90.8
94.b

9042

93.9
85,0
86.2
84,2
85.3
84,8
86.04
88,5
9Ge2
77.6
77.3
8S.4
89,3

MKB
86.6
87.2
8845
90.6
31.3
83.6
91.4
92.5
95.9
9842
95.9
98.3
90. 9
91.6
89.7
91.6
96.5
91.0
S4.C
95.8
B4.8
83.5
91.0
94.0

MK7

7942
79.9
B1.6
8345
B4olt
8243
B4sb
8541
83.0
91.9
8849
92.9
82.5
Bl4o8
8246
Bl
83.4
8442
8647
892
766
76.3
Bltal
871

PNL
8748
88.9
90.5
92.3
93.4
31,6
93.7
95.3
39,0

1007
99.0

100.9
92.7
93.8
92.6
93 .4
92.6
33.1
96,9

. 98.1

85.5
8441
93.4
96.5

PNLC
89.9
91.6
32.5
94.5
95.6
93.¢
95.9
98.4
101.5
132.8
132e3d
103,.3
35.06
95.8
94.6
95.6
94.8
95.1
100.0
100.5
87.0
86.5
96.7
98.3

ZWCKFF ZWCKDF

G2.8
93.7
95.8
97.4
98.5
567
G7.4
S8l

102.8

123.0
10243
103.8
96.1
98.1
96.9
97.2
97.1
9643
13C.C
102.5
9C.2
89.6
98.6
99,3

9343
94,3
9643
37.8
98.9
372
97 .8
98.6
153.1
133.0
132.5
10443
90,2
J4e5
97.2
G7.6
"9745
9649
1G6G.2
153.¢C
SCeb
951
98,0
99,8

Lt
8344
83.0
86.C
86.5
88,0
89449
88.2
88417
96. 7
S6.0
36.0
36.0
89.0
83.0
91.0C
91.0
93.0
9d.0
4.0
Q4.3
83.7
83.0
91.0
91.1



RABEMACHER NGISES NBSESTATS 3-3-77
NOs  O-A A 8 c D1 D2 £ MK6 MK7 PNL PNLC ZWCKFF ZWCKDF

MEAN LEVEL 87.4% tn.g 85el B7.3 B7.5 86e7 85,2 91.4 84e3 93.6 95,9  97.7  38.1

RANGE 16.9 9.8 17.3 i17.0 16.7 17.7 17.3 14,8 15.7 16.8 16.8 1442 14.2
SDyN=-1 4,85  %.56 4455 hoeBlh  Lo31 4452 Le36 3.81 Lo 10 4435, L8 3.71 375
"EAN DIFF ‘202 ~-8.,8 -4e2 -2l -2.1 ‘3.0 ‘307 1.7 =53 3.9 6.3 8.0 8.4s
RANGE 9.8 6.9 8.7 9.8 7.0 8.2 6.0 5.9 5.9 6.3 69 S¢5 5.6
SDyN~-1 3419 2415 2.6% 3.18 1.77 202 1.90 1.63 1.68 1.62 1.65 1.63 1.67

L9~V

LiL



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE - ' © Author(s): Robinson, D. W. and Bowsher,
J. M.

Title: A subjective experiment with helicopter noises.

Reference: J. Royal Aeron. Soc., 1961, 65, 635-637.

STIMULI

Number and type of noises: five helicopter and jet noises

Levels: 88 - 97 dB SPL overall

Mode of presentation: Loudspeaker listeining in a moderately reverberant room
(diffuse field).

Analysis: third octave

JUDGMENTS

Attribute judged: Loudness and disturbance
Psychophysical procedure: pairedrcomparisons

Number of observers; 558

OTHER

Special features:

Comﬁents: loudness and disturbance produce very similar results.

A-68



ROBINSON + BOWSHER EQUALLY DISTURB NBS STATS 3-1-77

NO. 0-A
1 93.3
2 96.9
3 8847
& 9%.5
5 91.0

MEAN LEVEL 93.1
RANGE 8.2
SD4N=-1 Je31

69-v

A
87.6
91,2
85.7"
89.4
89.2.

88.6
5¢5
2.09

B
91.2
95,2
87¢4
934
904

91.5
7.8
2498

c
93,2
96.7
88.5
35,4
9C.9

93.10
8.2
3.31

D1
92.1

. 95.3

91.7
b
94e3

93.6
3.6
1.56

02
91.6
95.2
91.6
93.7
ELYY

93.3
3.6
1.64

Ez
90.9
95,1
89.7
93.1
92.0

92.1
5.k
2.08

MK6

97.1
99.6
95,8
97.9
97.6

97.6
3.8
1.36

MK?7

89.8
93.4
8847
9142
990.1

90.7
4e7
1.78

PNL

99.3
162.3

98.9
13048
1C3.4

16343
3e8
1434

PNLC
101.¢C
103.8
100.8
101.7
182.6

101.8
3.8
1.45

ZWKFF
18343
10445
161.9
104.2
1C03.4

103.5
4.5
1,01

ZWKDF
10444
165.3
1024
10467

403.7

15440
53
1.09



ROBINSON#BOWSHER EQUALLY LOUD NBS + STAT 3-1-77

NO.

MEAN LEVEL
RANGE
SD.N-1

oL-v

W E N e

0-A

93.3
95.7
88.6
9.1
90.7

92.5
7.1
2.82

.6

.n
85.6
8B.0
88.9 .
85.0

bole

1.66

B
91.2
9%.0
87.3
92.0
90.1

90.3
6.7
2448

c
93.2
95,5
88.4
9%.0
90.6

92.4
7.1
2.82

D1
92.1
94,1
31.6
93.0
9.1

93.0
2.5
1.1

D2
91.6
4.0
91.5
92.3
9%,1

92.7
2.6
1.26

E#
90.9
93.9
89.6
91.7
91.7

91.5
4¢3
1.57

MK6
97.1
98.4
95.7
96.6
97.3
97.0
2.7
99

MK?7

89.8
92.2
88.56
89.8
89.8

90.0
346
1.28

PNL
99,3
101.1
33.8
99.3
100.1

99,7
2¢3
+ 89

PNLC
101.0
102.€

39.3
100.3
102.3

101.2
2.7
1.18

ZWKFF
103.3
113.5
101.8
1¢3.0
123.1

102.9
345
«65

ZWKDF
10L.0
164.3
102.3
103.5
103.5

163.5
4.3
T



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE o . Author(s): Splegel, M.

Title: Priifung verschiedener Lautstdrkeberechnungsmethoden bei
diffuser Beschallung.

Reference: Unpublished (apparently), 1960

~

STIMULI

Number and type of noises: 20 noises, type ,of sound unspecified

Levels: Overall = 45-67 dB SPL; LL = 64 phons
Overall = 70-84 dB SPL; LL = 85.5 phons

Mode of presentation: pfffuge Field

‘Analysis: ¢pip4 octave

JUDGMENTS

Attribufe Judged: 1oudness

Psychophysical procedure: Adjustment-Matching noises in loudness to a
critical band of noise centered on 1 kHz.
(Noises Varied)
Number of observers: 10

OTHER

Special features:

Comments :

A-T1



SPIEGEL AT 64PHONS NB8S STATS 3-1-77

U~V

NO.

O O N O V&N e

R T N T T Y
O ® N OV &N o

20

MEAN LEVEL
RANGE
SOyN-1

MEAN DIFF
RANGE
SDyN-1

0-A
6647
5844
51.4
660 1
59,8
5646
47.3
48.4
59,0
49,1

‘56-4

63.1
47.9
54.9
534
48.8
45.5
58.6
47,2
52.6

5446
21.2
6o bl

-9, 4
21.2
6ol

A
5541
57.9
51.9

. 54.3

59,9
57.2
4S.b
47.9
4744
4849
5641
49,3
475
53.7
53.8
4645
41.9
52.0
47.8
5064

1.2
18.0

he72

-12.8

18.0

4.72

B
64,2
58.4
50.2
63.6
59.8
55.5
Lok
46,2
5542
k9.1
56eis
57.6
45.8
54,8
53.4
48.0
4245
57.2
46.5
51.1

53.1
21.7

6.17

-10.9

21.7

6.17

c
66.7
58.4
50.1
66.0
59.8
55.4
47.0
406.1
58.7
49.1
564
62.7
45,7
54,9
53.4
48.6
Gbdl
58.6

L2 -2

51.9

Stel
2243

6.84

'10.0

2243

6484

D1
63. 4
58.8
61.4
62.9
6C.5
66.8
52.3

5641
. S54e5

51.7
56.5
58.3
55.4
B4e5
570
55.1
49.8
56.8
55.7
59.2

57.3
i7.0
4.19

-be7
17.90
4,19

D2
61.1
53.1
61.5
60.3
60.6
669
52.3

.56.5

5246
5149
567
5740
55.8
5449
5742
54,8
5040
5640
55.7
59,5

57.0
16.9
3.97

‘7.0
16.9
3.97

c#
62.4
58.b
59,8
61,8
60.0
65. 4
50.6
58.7
53.5
50543

5645

57.2
55.0
54.9
55.1
52.3
49,5
56,6
53.6
58¢4

5644
15.9
422

=76
15.9
L4e 22

MKb
64,2
634
63. 4
6343
65.1
67.7
68.5
62,9
6Ceb
29.2
623
66.6
63.6
59.8
637
59.8
5845
60.6
61.6
B34

62.5
3.2
2o lthy

‘1.5
9.2
2elils

MK? PNL
55.6 63.0
55.6 61.0

562 63.2
54.6 62.7
55.9 62.3
59. 4 6840
53.8 57.8

54,2 5842
5341 5842
5242 5643
53.1 59.90

577 6343
54e2 58.5
5247 57.5
555 60.8

53.7 59.2
509 53.1
5462 58,5
53.7 58.1

5549 61.9

5446 60.1
8.5 14.9
1.94 3422

-J.4 -3.9
8+5 14.9
1.94% 3.22

PNLC
bhe2
62.5
64e3
bhel
639
7047
59.4
676
0145
60e0i
6141
63.9
59.1
61e1
62elt
605
5442
5946
611
Blhe3

62.2
16.5
3.66

‘108
16.5
3.66

ZWCKFF ZHWCKDF

66.2
65.6
6248
65.9
84.9
65.1
bLe6
6P.1
6445
6343
6243
63.2
01.C
£1.9
66el4
63.7
57.7
bl B
63.0
bhe5

63.9
11.5
2453

-el
11.5
2+53

6646
675
634
6643
67.0
6544
65.5
61.5
65.6
646
bLs5S
7Ce1
62.1
bxal
6745
B4l

TN

66.c
63.7
6E. s

6540
i1.1
2e43

1.8
1i.1
2e43

LL
64, C
B4, D
LR
6L.0
B&.0
64.0
B4
ISL
Bl
BL. T
BheC
6440
Bd.0
64,0
BbteD
ok.0
64.0
Bis 0
B4.0
5L. 0



£L=v

SPIEGEL AY 85.PHONS NBS + STATS 3-2-77

4
O ® N O\ &£ W N » O
[ ]

o e e e R e e
W & ~N O N F N e

20

MEAN LEVEL
RANGE
SDyN-1

MEAN DIFF
RANGE
SDyN=-1

0-A
81.2
83.9
75e¢%
82.6
82.8
75.6
69.3
70,0
78.7
75.6
79.9
82.0
71.9
80.1
78.4
73.8
70.5
80.6
727
75.1

77.0
1446
Ueb2

'8.5
1446
4.62

A
69.56
83.4
75.9
70.8
82.9
76e2
67.4
69.5
67.2
75.4
79.6
65.4
71.5
78.8
78.8
71.5
66.9
Thel
733
72.9

73.6
18,0

5.28

-11.9

18.0

5.28

B
78,7

83.9

4.2
80+1
82.8
74.5
68,4
67.8
75.0
75.6
79.8
76.4
69.8
80.0
78.4
73.0
67.5
79.2
7240
73.6

75.5
164

4,85

«10.0

16.%4

Le85

c
81.2
83.9
Thel
82.5
82.8
Theh
69.0
67.7
78.4
75.6
79.9
81.6
69.7
80.1
78.4
73.6
69.4
80.6
71.9
Thol

76.5
16¢2
5.13

9,0
16,2
5.13

D1
77.9
84,3
85.4
9.4
83.5
85.8
74,3
7746
Thol
78,2
79.9
75.2
79.4
79.8
82.0
80.1
74.8
78.8
81.2
81.7

79.7
11.5
346

-5.8
i1.5
3. 486

D2
7546
84.6
85.5
76.8
83.6
85.9
The3
78.0
72.5
78.4
80.1
72.0
79.8
80.2
82.2
79.8
75.1
78.0
81e2
82.0

79.3
13.9
k.09

-6e2
13.9
4.09

E#
76.9
Bhe1
83.8
78,3
83.0
Blols
72.6
77.2
73.4
76.8
79.9
73.5
79.0
80.1
80.1
77.3
74.5
76.6
79.1
80.9

78.7
11.8
3.55

’6.8
11.8
3.55

MK6

77.7
86.1
B4e.8
79.0
85.7
845
81.1
B82.7
79.8
83.7
83.1
77.1
Bhe?7
83.2
85.6
82.7
83.3
8.4
8349
Bhel

82.7
9.0
2.60

‘208
9.0
2.67

MK7

70.1
78.5
T7.7
716
77.2
7790
T34
7346
71.6
754
746
68.7
7545
75.8
77.0
754
734
T4.2
75. 8

7640

74.6
9.8

2¢59

-1009

9.8

2459

PNL

79.1
86.8
87.6
81.0
85.5
87.2
80.8
80.9
8.0
83.5
82.7
77.1
82.9
8410
86.1
8448
80,7
82.5
B4.9
85.2

83.2
19.5
2490

-23
10,5
2490

PNLC
81.9
88.9
90.7

87.6

87.9
92.1
82.0
83.7
83.7
87.2
85.3
81.2
8663
89.9
38.4
86.1
83.0
85.2
88.8
89.8

86.5
18.9
3.17

i.0
10.9
3el7

IWCKFF ZWCKDF

80.2
88.9
85.5
82.3
86.4
82.9
86.2
82.1
84,1
88.9
8440
80.5
83.6
87.1
89.6
87.9
84,3
85.7
86,8
8645

85.2
=Y

2e72

-3

Q4

2472

8U 5
90.6
860
82.7
88.5
831
87.6
83.3
84.8
89.9
86.3
81.1
B4ao7
88.8
90.6
88.1
85.2
87.0
87.5
87¢k

86.2
1.1
2.95

o7
i0.1
235

LL
85.5
85.5
85.5
85.5
85.5
85.5
85.5
85.5
85.5
85.5
85,5
8545
85.5
85.5
85.5
85.5
85.5
85.5
8545
8545



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Wells, R. J.

Title: Jury ratings of complex aircraft noise spectra versus calculated
ratings.

Reference: Paper presented at 80th Meeting of ASA, November, 1970

STIMULI

Number and type of noises: 30 Jet Aircraft sounds: 15 actual engine noises
15 filtered engine noises

Levels: 73.83 dB SPL overall

Mode of presentation: Free Field

Analysis: third octave

JUDGMENTS

Attribute judged: Annoyance
Psychophysical procedure: Adjustment - standard only adjusted
Number of observers: 35

OTHER

+ GREESE——

Special features: Noises contained single end multiple tonal components.

Comments: RC filter depressed the high frequency region, centered at about
3000 Hz, by as much as 15 decibels.

A~T4



SL~v

WELLS,1970 NOISES 1-30

NO.

O O N OO WM SN

N N NN N NN NN P s o e e e b
X N OV E LN RO D e NV F NN o

0-A

77.1
77.8
The 8
7.4
74.8
77.5
77.9
7642
73.8
734
72.8
72.6
7246
T4.6
77.7
80.4
83.1
79,9
82.7
76.0
7862
77.6
79.%
T4el
73.0
72.6
733
7363

A
75.8
7446
7365
74,5
75.1
78.0
77.7
76s2
74,3
74.0
73.2
73.3
729
73.4
72.7
74.8
The8
73.1
73.8
734
757
73.6
Thed
723
72.4
71.8
719
7245

B
76.0
75.7
73.2
75.0
74e2
77.1
77.2
75¢4
72.8
72,5
71.7
71.9
71.3
72.9
73.9
77.6
79.2
7641
78.1
73.9
7641
75.2
7643
71.6
71.1
70.7
71.3
71.3

c
76.8
7746
742
76.8
7hots
77.2
77.6
75.8
72.9
724
71.7
71.9
71.3
73.8
77.0
80.1
8247
79.4
82.2
75.5
77.8
77.2
79.0
7249
71.4
71.1
72.3
71.6

D1
82.8

817

81.7
82.5
81.8
83.5
83.8
83.2
83.2
82.5
82.1
83.0
81.2
80.7
81.2
80.6
81.1
80.6
81.2
79.9
8l.4
79.3
81.1
80.7
80.4
80.1
80.7
80,4

D2
82.7
81.7
81,7
82.5
8241
84e1
83.9
83,2
83.1
82.6
82.0
82.6
81.5
80.9
81.0
80.4
80.7
80.5
80.8
8041
81.8
73.2
81.0
80.8
80.6
8042
80.6
80.8

E#
80.4
79.9
79.6
8C.6
79.5
81,1
81.6
80.1
80.6
80.2
79.7
79.6
8C.2
79.1
78.9
79.2
80.1
79.3
79.9
7841
79.5
77.8
79,0
79,2
79.4
78.7
78¢5
799

MKb

87.8
B8.0
86.8
88.0
86.4
38.6
88.4
88.G
85,6
85,2
85.1
85.2
85.4
87.2
87.1
87.9
89.0
88.0
88.6
86.5
8843
87.1
88¢3
86.6
86,7
86.0
85.7
BGo ke

MK7

79.9
79.7
7844
79.6
77.5
734
89%.2
79.90
77.5
77.0
77.1
774
76.08
78.90
78.5
83.1
83.7
79,5
80.1
77.9
79.1
7845
7942
7T7.2
77,2
76.7
77.3
77449

PNL
894
88.6
8841
89.3
87.5
30.1
89.9
89,8
87.8
87.0
87.0
87.9
86 4
87.0
87.8
884
88,7
88.4
88.9
871
89,4
86.7
89.3
86.2
85.3
85.6
87.2
86,2

PNLC
91.0
89.7
89.6
93.8
90.9
34,1,
91.3
9346
8G.2
89.8
89.0
S91.9
88.9
89.8
839.6
89.7
88.7
839.8
9G.1
93.2
93.1
88.¢
93440
88.4
88.0
87¢4
90.4
88,6

ZWKFF
93.5
93.4
91.5
93.2
90.7
9241
83.9
91,3
88.8
38.2
B8+l
87.8
87,3
91.0
91.8
33.9
945
93.2
h.2
91.5
92.8
3243
92.6
89.2
88.3
88.6
8%.4

88,3

ZWKDF
9441
94.1
92.1
83.9

" 91.4
3247
9Leb
91.9
89.3
88.8
89.0
88.1
8840
91.8
92.5
9i.7
954
93.9
95.1
9243
93.5
932
93.4
906e 0
83.2
89.4
90.1
893



WELLS 19708 NOISES 1-30

NO. 0-A A 8 c D1 D2 E# MK6 MK7 PNL - PNLC ZWKFF ZWKDF
29 78.5 72.9 The? T7.7 7947 79.7 78.9 88.7 79.1 87.1 839.6 2.1 93.1
30 8342 71.6 777 8247 79,8 78.9 7864 88.1 79.2 87.2 88.3 92.7 93.5

MEAN LEVEL  76.5 73.9 Thel 75.8 81.4 81.4 79,6 87.2 7845 B7.8 90.1 91.2 92.0
RANGE 10.6 6.4 845 11.6 4.5 5.2 3.8 3.9 4e0 4.8 6.7 7e2 Teb
SDyN=-1 Je 28 1.59 2ehh 352 1.23 1.30 « 86 1.19 1.20 1.32 1.68 222 2427

_ 9LV



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE © Author(s): Wells, R. J.

Title:

Reference: Unpublished (about 1970)

STIMULL

Number and type of noises: 33 aircraft

Levels: 74-86 dB
Mode of presentation: free field (?)

Analysis: third octave

JUDGMENTS

Attribute judged: annoyance
Psychophysical procedure: adjustment

Number of observers: approximately 30

OTHER

Special features: spectra in 3 graphs; each group has equally
annoying spectra

Comments :

A=77



WELLS,UNPUBL 1 NBS#STATS 3+3-77

NO. 0-A A B8 C D1 D2 £¢ MKo MK7 PNL PNLC ZWKFF ZWKDF
1 86.0 77.5 82.6 85.7 83.5 82.5 82.2 83.9 82.5 90.7 907 96.3 9740
2 TBub T6.7  77.0  77.8 83,8  84s0 82.3 90,5 816  90.7 91.5  94e6  95.4
3 8140 77+3 7847 80.4 B4.1  B4e2 82,9 91.5 8245 9143 9143 95,8 96.7
& 81e7 7744 79,9 81.5 83.5 83.2 81.9 9g.¢C 82:2 9142 ~ 912 95.8 9646
5 80.8 7604 78,9 8046 83,2 83+1 B81.8 89,9 81.7 gg.6 91.5 95,1 95,9
6 7845 76e9 7742 78.0 83,6 83,9 82.2 90,7 B81.7 90.9 92.0 94.7 95.5
7 828 78.1 8048 82.6 B4,0 B83.7 82.4 90,6 82.8 9§.5 91.5 96,5 97.3
8 768 7548 75,7 76el 82,1 “B2.2 80.4 B87.9 794 88,2 1.8 92,3 093.7
9 79.7 76,5 78,5 79.5 82.9 82.8 81,0 88.4 80.3 83,7 90.8 345 95.1

(Y
o

76.3 T76.7 . 75,6 75.7 85.8 85.7 83.2 89.1 B80.3 91.4 94.2 92.7 93.5
796 79¢3 79.1 79.3 85,5 85.5 B83.1 89,5 81e8 91.6 93.2 95.4 96.1

[
-

!
| MEAN LEVEL  80.1 77.1 78.6 79.8 83.8 83.7 82,1 89,8 8146 90,7 9i.3 94,9 95,7
| RANGE 9,7 3.5 7.0 10.0 3.7 3.5 2.8 3.6 et 3.4 3.5 3.8 ‘el
SDyN-1 277 «93 2613 2+86 1.06 1.11 85 1.04 « 97 98 1.04 1.25 1.33

8L~V



WELLS,UNPUBL 2 NBS+STATS 3-3-77

NO.

W & N O N NN e

-
= o

12

MEAN LEVEL
RANGE .
SOysN-1

6L-V

0-A
7748
7640
77.9
77.6
The7
74.6
75.0
75.0
75.1
T4e8
7642
79.8

76,2
52

1.69

A
76+5
75.9
78.2
77.9
75.2
75.1
T4e5
Thels
75.3
75.2
76.9
75.7

75.9
3.8

1.23

8
77.6

751

77.8
775
The2
7he1
Thele
74,3
74,2

7349

75.6
77.7

‘7545

3.9

1.62

c
77.8
75.5
77.8
77.5
74.2
Thel
74.5
74.5
74.3
73.9
75.7
79.5

75.8
5.6

1.88

D1

80.8
84,0
82.8
82.5
83.5
83.5
8140
81.3
8446
84.6
86,7
81.8

83.1
5.9

1.7¢4

D2
80.9
84.0
82.8
82.5
83.4
83.4
81.0
81.3
845
846
86,2
81.7

83.0
5.3

1.63

Ez
79.3
81.4
80.6
8C.3
81.1
81.1
79.4
79.6
82.6
8245
83.3
80.2

80.9
3e7

1.27

MK6

86e.1
87.6
87.2
86.9
87.3
87.2
86.5
B6.3
88.4
88e1
88.8
88.4

87.4
2.7

« 87

MK?

7845
79.2
7846
7843
79.1
79.1
78.3
7844
8l.1
79.8
80.9
83.6

7942
2¢6

« 92

PNL

86.8
89,3
87.9
8745
89.4
89.3
86.7
87.2
90.4
90.2
91.6
83.3

88.8
4.9

1.57

PNLC
89.3
91.5
91,8

- 900

92.3
92.6
88.2
88.3
92.9
93.5
96.5
89.3

91.3
8.3

2043

IWKFF
91.9
92.7
91.3
91.4%
9C.9
90.9
91,3
91.3
91.4
903
1.4
S4.4

91.5
4.1

1.63

IWKDF
92.7
92.5
92.2
91.9
91.5
91.4
923
92.3
91.6
9Ce8
91.6
g5.2

922
Lol
1.10



08-v

WELLS,UNPUBL 3 NBS+STATS 3-3-77

N

W & N O N F W N » O
.

[os
o

MEAN LEVEL
RANGE
SDeN-1

0-A

77.1
77.8
78.1
7643
73.3
7649
76.8
74,1
76.9
77.0

77.0
5.2
1,33

A
77.7
78e4
78.4
7646
78.4
77.5
75.6
Theb
76. 4
7642

77.0
3.8
1.32

B
76.3
77.2
77.5
7640
79.0
76.4
75.4
733
75.7
75.9

76.3
5.7
1.50

c
76.3
77.2
77.6
7640
79.2
76.5
76.1
73.3
76.0
76.3

7604
.9
1.48

01
86,2
8640
86.2
8343
83.3
84.8
833
83.7
85.6
83.7

8445
249
1.24

g2
86.1
860
86.1
83.2
83.3
84,8
83.5
83.6
84.7
83.8

8445
2.9
1.20

E2
83.8
83.4
83.3
8049
81,5
81.7
81.6
81.4
82.8
81.9

82.2
2.9
1.00

MK6

88.6
88.5
89.4
87.1
87.7
88,8
88.8
87.4
89.4
89.1

88.%
243
83

MK?7

83.8
80.7
81.3
7342
80.3
8G.2
80.2
79.2
8G.9
80.0

88,3
2e1
o793

PNL

30.6
91.0
91.7
88.6
89.1
93.9
89.3
89.5
95.6
90+ 0

90.1
3.1
99

PNLC
93.6
93.8
93.6
90,3
92.2
9510
91.5
92.5
92.1
320

92.3
5.0
1.51

IWKFF
93.0
92.8
93.9
32.1
93.7
9240
92.9
SC.4
934
93.7

G2.8
3.5
1.5

ZHKDF
93.6
93.6
9445
33eu
S4.0
92.7
93.7
SC.9
GLe2
G445

93.5
3.7
1.12



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE ‘ © Author(s): wells, R. J.
Title: A new method for computing the annoyance of steady state
noise versus perceived noise level and other subjective measures.

Reference: Paper presented at 77th Meeting of ASA, 1969.

STIMULI

Number and type of noises: 119 brodd-band noises
with tones, pure tones, octave bands, etc.
(plus one standard noise)

Levels: 70-95 dB

Mode of presentation: gpnechoic room (Free Field)

Analysis: third octave

JUDGMENTS

Attribute judged: annoyance

Psychophysical procedure: adjustment; all sounds adjusted to match
16-noy contour noise

Number of observers: 30

OTHER

Special features: single and multiple tonal components

Comments: -12500-Hz tone and 1/10th octave band omitted from analysis

~gome sounds with significant energy greater than 10,000 Hz should
be omitted

A-81
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WELLS 300 SERIES NOISES 1-20 NBS+STATS 3-10-77

NO.

NEAN LEVEL
RANGE
SDsN-1

O W PN WV EFE NP

0-A

93.6
89.8
83.4
81.5
8542
80e1
72.7
73.8
7146
90.0
85.6
83.2
83.0
8045
79.4
74,0
74.3
8646
86.8
81.9

81.9
22.0
6.20

A
65.6
71.2
78.4
80.7
T4e 8
81.1
73.9
7349
69.1
71.7
746
78.6
81.9
81.4
80.5
75.1
T3
T4.9
The2
79.6

75.8
16,3
.43

B
82.9
Bhes
82.8
81.5
83+3
80.1
72.3
72.1
67.3
8446
83.3
82.6
82.9
80.5
79.3
73.6
72.5
83el
82.4
81.3

79.7
173
5.09

c
92.5
89.5
83.4
81.5
85.2
80.0
72.2
7240
672
89,7
85.5
8342
8340
8044
79.2
7345
7244
G
8644
81.8

81.3
25.3
6.78

D1
81.6
82.8
82.9
81.1
82.8
85.4
84.1
82.2
75.1
83.2
82.6
82.7
82.6
85.6
86.7
BL.8
826
8247
81.8
82.0

8248
11.6
2432

D2
75.6
79.1
83.1
81.6
80.6
86.2
83.6
83.1
w7
79.4
8C.4
82.6
83.0
86.1
87.0
84.5
83.3
80.5
79.6
82.1

81.8
12.3
3.2

n

-

EZ
77.5
80.7
8340
81.6
81.8
824
80.2
82.3
75.4
81.1
8147
82.8
83.0
82.7
83.0
81.2
82.6
81.6
805
81.6

81.3
7.6
1.90

MK6

82.7
82.7
3249
8445
8243
85.3
81.8
83.9
81.2
83.1
81.8
8244
3l.6
85.5
85,1
82.0
83.9
3648
874
8842

83.9
7.C
2.00

MK 7
73.5
74.6
77.3
7644
75.5
7646
75.1
75.3
69.3
7540
7448
7644
77.2
76.9
7648
T4e8
75.7
78.8
79.4
80.0

75.8
10.7
2¢54

PNL

84 .4
84,7
8546
8448
8449
88,1
85.8
8441
76.5
84.9
83.5
84.5
85.4
88,0
88.0
85.8
8449
68.1
88.4
88.5

85,4
12.0
2467

PNLC
86.8
89,45
88.8
88.6
88.1
92.1
92.5
90.4
83.2
89.5
86.8
88.1
89.2
91.3
93.9
2.4
91.5
88.1
B8.4
88.5

89.4
16.7
2elt?

INKFF
AGe2
87.9
8440
86.0
84.9
85.2
81.6
79.5
68.56
87.6
8445
8541
8842
87.5
86.6
84a9
8C.2
9Ce9
92.9
93.4

8544
2448
Seul

ZWKDF
29
87.1
84.9
87.9
BS54
B5.4
BO.6
81.1
76.3
87.7
85.0
8642
9G.1
87.6
86.2
8L .1
81.7
3147
93.7
Yuels

B8bec
23.5
5.23
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WELLS,300 SERIES NOISES 21=42 NB8S+STATS 3-10-77
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22

MEAN LEVEL
RANGE
SDsN-1

0-A

+ 795

7445
77.6
93.0
80.8
8240
Y
90.7
83e4
7946
8602
7642
77.6
71.1
86.5
73.3
740
74.3
Tael
71.5
7543
80.9

79.1
21.9
5.86

A
76,3
76t
743
78,5
76.0
81.1
73.5
71,7
78.9
78.8

 75.0

77.2
78.7
72.3
81.4
7445
75,2
74.3
7360
71.4
73.9
69.6

75.3
11.8
3.07

B
78.0
739
75.9
87.0
80.3
8240
82.4
85.1
82.9
79.6
84.0
76.2
77.5
70,7
80.5
73.2
73,7
72.5
T1.2
69.6
7261
75.7

77.5
1840
5.13

c
79.3
74,2
77.%
92.7
80.8
82.0
Blsels
90.4
83,4
79.6
86.1
76.1
7.4
70.6
BO.4
73.1
73.6
72.4
71.1
69,5
72.0
803

78,5
23.2
6e35

D1
8Cel

- 81

79.6
86.1
Bl.&
81.6
81.8

8345

B3e0
79.0
83.3
81.2
8540
82.7
85.3
Ble2
85.2
82.5
79.6
79.1
B8Ceb
7641

81.7
10.0
2e 42

D2
8.4
81.4
79.5
8243
80.8
82.1
79.4
79.7
83.2

79.6

81,0
B82.2
85.2
B82.1
86.1
81.3
84,7
83.4
8001
80.4
81.0
Tae?

Ble.l
11.6
2439

Ez
79,0
7867
77.7
84,0
6GCe5
82.1
80.8
81.3
83.1
79.6
82,3
78.4
81.2
78.7
82.6
77,3
81.3
82.7
806
79.8
81l.4
TLeb

80,3
9.4
222

MK6

87.3
85.7
86e¢3
86,4
807
85.1
8G.8
83.6
83.5
82.5
83.1
81.8
83.9
80.2
86.4
80.5
B3.0
84.9
85.2
82.0
85.9
B4.0

83.8
7.1
2.15

K7
79.4
78,0
78.7
8.4
76,8
7741
73.7
75.4
77,7
74,2
76.2
72.6
75.8
73,4
77.6
72.1
76.3
76.3
75.5
73.2
76,4
7645

75.9
7.3
240k

PNL

87.5
87.2
86.8
88;4
83.2
85.5
83.3
85.6
86.0
82.6
85.6
8443
87.1
84.2
89.19
83,7
866.9
85.1
81.8
82.0
82.8
83.2

85.1
7.2
2011

PNLC
87.5
87.2
8648
92.1
Bbe2
89.5
86.8
89.8
90.0
88,2
89.7
905
90.3
0.8
92.3
8843
33.6
91.0
8740
867
89.1
83.2

8849
10. 4
2eb1

InNKFF
33.4
91.2
92.4
96.3
81.7
86.7
83.7
B745
8449
83.3
£5.8
80.8
85.2
8Ce2
86.6
79,5
8h4al
BO. 4
7349
75.8
76.5
90.3

8443
19.5
Setsl

InKDF
4,423
91.8
932.2
0«
8246
88e6
8443
87.6
85.9
8545
8beu
8leb
8449
79.0
8741
73.2
83,2
61.3
76406
77.8
78.9
91,2

85.1
17.7

5014
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WELLS PLOO SERIES NOISES 1-30 NBS+STATS3=10-77
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0-A
81.8
81.5
86.6
77.4
7646
79.0
79.3
791
73.8
82.7
31.6
83.3
80.7
81.6
82.0
81.1
81.2
79.1
8243
77.9
85.9
71,8
" 68e7
T4e7
73.3
7548
69.9
8G.1

A
70.5
724
70.1
71.1
667
725
68.4
6943
69.4
71.1
723
71.8
7146
71«5
73.2
71.7
71.8
69.9
713
T1.8
67.5
68.4
61.0
70.5
62.1

- 675

69.5
6842

8

7844

77.6
81.0
734
713
75.1
73.9
7345
70.2

77.9

774
78.5
7647
771
78.1
77.3
77.3
7449
80.1
7643
80.2
68.7
63.6
72.1
67.3
69.9
68.5
75.6

c
81.5
8140
86.2
76.9
7640
78.5
78.7
7842
73.3
82.2
81.2
82.9
8G+3
81¢1
81.6
80.7
8G.8
78.6
82+2
77.7
8545
71.3
68e1
743
72.5
7446
69.5
79.7

01
78.1
7747
79.9
75.9
7541
74.9
75.0
7545
76.0
77.9
77.9
78.5
77.5
77.9
78.5
77.7
77.9
7641
79.5
7644
78.7
72.6
70.6
71.6
63.2
7345
7642
7544

B2
76.0
77.3
76.8
76.1
7442
T4.5
74.3
T4e5
76.0
76.2
770
76,9
76.6
76.7
77.5
76.6
767
75.2
77.2
76.6
75,1
73.4
69.8
71.7
63.1
72.8
7642
73.5

E#
76.9
771
77.9
73.6
72.2
745
73.9
7449
72.5
76.5
7607
77.0
7640
7644
77.4
7646
76.8
Thels
78.5
7643
76.6
69,9
670
71.7
687
7343
72.3
744G

MKb

85.0
85.5
87.1
8440
8242
84,2
84.4
86.6
81.8
85.7
8548
86.7
85.4
85.7
86.5
85.8
87+C
84.1
82.8
8245
83.9
73.4
7602
8043
79,5
8447
7844
83.4s

MK?

76.0
7740
776
The?2
734
The?
75.3
75¢4
71.9
77.3
7840
7841
7745
77.9
78.5
77.9
77.9
75.9
7440
Thel
The?2
639
6740
70.2
6945
72.8
6846
7445

PNL

85.8
8642
87.7
YA
82.9
83,4
83,4
83.7
82,7
86.0
8543
86.8
85 4 4
85.4
85,8
8542
8543
B2
8440
8341
8445
79.5
7645
73,9
77.7
814C
8Ge0
83.5

PNLC
88.2
83845
90.4

° 89.0

B87.8
88.93
86,2
86.6
B88.8
87.0
86.7
87.9
87.0
8742
87.6
86.1
86.2
86.8
87.4
8645
87.8
86.1
83.2
85.6
81.0
B4l
86.6
85.2

ZWKFF
90.2
90.7
91.8
88+¢3
87.6
8849
8944
8843
85,2
31.5
9149
32,1
91.3
91,8
92.4
91.4
91.4
89.8
87.0
8643
8845
82.5
8046
8446
83.3
Bl4s7
8041
8.3

ZWKDF
91.0
91.6
S2.4
89,2
88.2
9GC.1
904
8%.4
85.8
2.4
92.9
33,4
92.2
92.6
93.3
9244
9243
9.6
87 .7
8742
89.10
83¢4
8141
8544
BheS
85.8
8Ceb
89,8



WELLS P4OO SERIES NOISES 1-30 NBS+STATS3-10-77

NO. 0-A
29 80,2
30 85.0

MEAN LEVEL 79,1
RANGE 17.9
SO.N-1 bolole

8-V

A
69.,9
70.1

69.8
12,2
2.78

B
7545
79.3

The9
174
4.30

C
79.6
8445

78.6
18.1

4.53

D1 D2
75.6 74.8
784 75.9
762 75.2
10.7 8.4

2461 212

€2
74. 6
7646

The?
11.5
2479

MKE
84.C
8646

83.8
16.9
2677

MK7
75.6
7761

4.7
11.5
3.21

PNL
84,0
86.9

83.7
11,2
2.73

PNLC
85.8
83.6

86.8
EFL
1.84

IWKFF
89.b
91.5

88.4
12.3
3.55

ZWKDF
90.6
92.3

89,2

- 12.9

3666



WELLS %00 SERIES NOISES 31-60 NB8S+STATS 3-10-77
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0-A

78.9
79.3
80.2
79.7
Blel
75.2
74,3
6845
77.1
71.0
7440
69.7
76.8
75.5
80.5
80.2
81.4
79.0
75.9
7301
77.4
73.6
71.0
66.8
7240
6842
81.7
81.3

A
68.%
67.6
70.6
67.7
59.3
68.1
73.3
66.3
70.3
68.4
72.%
68.1
69.7
67.0
71.5
69.0
70.2
68.8
7540
71.2
71.8
7241
70.5
67.8
69.7
68.8
71.5
70.1

B
734
7345
7542
73.9
754
70.6
Thel
67.0
75.3
70.1
73.5
68.3
7469
73.6
7647
75.9
78,9
76.6
759
72.6
7640
73.3
70.8
66.4
73.9
67.8
78,7
78.2

c
78.3
78.7
79.7
79.1
80.7
764.7
74,2
68.2
77.0
70.9
74.0
69.4
76.7
75.5
80.2
79.8
81.3
78.9
75.9
73.1
7744
73.6
70.9
6644
71.9
6749
81.5
81.1

D1
4.3
74,8
751
74,43
75.8
74,8
73.7
The2
75.8
725
74,3
77.1
76.0
Thel
76.0
7648
78.3
7642
7514
5.4
76.1
73ete
The8d
77.9
76.7
7844
78.0
77.8

D2
73.6
73.5
7T4.0
73.0
74.3
745
74,3
73.7
747
72.2
74.5
76.6
75.0
72.9
The7
7543
76,0
T2
7640
75.2
75.2
73.7
74.9
77.4
7645
77.8
76.1
75.8

E#
724
72.7
7hLe 0
72.9
74.5
71.6
7T4e2
714G
7L4e7
71.0
7343
73.6
7446
72.9

75,3

75.8
77.3
75.2
75.9
73.8
75.4
734
73.0
Thed
Thel
74,6
77.1
7667

MK6

8249
82.5
8462
82,9
8548
8147
80.8
79.9
83.2
79.1
83,1
8148
8343
79.2
83.7
8249
83.3
81.8
8240
81.0
82.5
80.6
81.6
79.3
8147
8042
8247
831

MK7

73.8
74,5
7543
4.7
7644
72.1
713
71.3
7447
731
73.8
73.2
7448
70.3
74.8
T4e 8
Thob
72.7
73.0
734
7443
7146
73446
71.2
T4e?2
72.1
Theb
7449

PNL

82.8
82.7
83.2
81.7
83.3
82.3
80.0
80.8
83.6
78,2
824
83.3
83.7
79.6
82.9
8346
84.3
8244
81.6
8.i.9
83.0
79.9
80.8
81.7
82.5
82.5
83.2
83.4

PNLC
86.3
86.4
8645
83.5
85.2
88,0

8.6

86.0
86.2
83.2
87.3
88.5
8643
85.1
87.6
88.8
8648
87.3
87.0
86.9
85.7
84.8
85.3
87.8
8545
8845
88.1
88.C

ZWKFF
88.3
88.9
89.6
88¢9
839.9
85.9
83+s1
844
8847
Shely
8740
85.8
88.8
85.2
8847
38.9
874
86.9
8443
87.1
37.7
Ak.2
86.1
8l.b
88.1
833
87.9
B7.7

ZHKDF
89,2
89.7
9046
894,86
9%.9
Bbaeb
Bhe7
8449
89.5
£5.2
88.2
8642
89.5
35.7
89.8
89.5
83
87.0
85.8
8743
88.6
85.5
86.9
81l.4
88456
6345
83.9
86e1

<
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WELLS 400 SERIES NOISES 31-60 NBS+STATS 3-10-77

NO.
29
30

MEAN LEVEL
RANGE
SOyN-2

0=A
85.8

84.8

76.5

19.0

4.97

A
74.9
Thel

70.1
8.7
2.29

B
83.8
82.8

74.1
17 o4
be12

c
85.8
84.8

76.2
19,4
4496

D1
83.2
82.2

76.1
10.7

2¢33

D2
80.8
79.9

75.2
8.6
1.91

E#
82.2
81,2

7446
11.2
2ei48

MK&
85.1
84.6

82.2
6.7
1.73

MK7
77.0
764

73.6
6.9
1.76

PNL
86.9
86.3

82.5
8.7
1.83

PNLC
90.2
30.6

86.8
Tols
1.70

ZWKFF
86.2
88,1

86.8

8.5
2.18

ZRWKDF
86847
88.9

87.6
9.5
2426



Evaluation of Data on Subjective Effects of Noise
B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE ' Author(s): yells, R. J.

Title: A subjective study of ultra .high‘voltage transmission line noise,

Reference: Ppaper presented at the Second Arden House Workshop on Noise
Control Engineering, January 1972,

STIMULI

-

Number and type of noises: 25 ultra high voltage ‘transmission line noise
Levels: 58 - 78 dB SPL overall
Mode of presentation: free field

Analysis: third octave

JUDGMENTS

Attribute judged: sannoyance

Psychophysical procedure; &djustment - broadband pink noise matched to various
transmission line noises

Number of observers: 31

OTHER

Special features: spectral energy pesks in frequencies below 250 Hz

Comments: decibel levels are unspecified

A-88
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WELLS UHV NOISES NBS + STATS 3-15-77

<
W ® NP WoE NN e O

N N NN N D R s b B R b b
VI & N o 00 N VW E AN o

o-A

6Ce3
60.0
76.3
67.6
66.2
77.6
63.5
71.1
57.5
7402
72.8
58.8
71.9
73.1
T7.9
75.5
The3
737
T4e3
65.5
6244
69.1

7846

bhel
68k

A
54.8
50.7
73.8
63.2
63.3
7602
59,2
65,1
54.5
73.0
70.1
57.2
69.9
T1.2
76.3
72.8
66,9
73.3
727
63.7
6l.4
67.5
73.1
60.5
64.8

B
57.8

563

73.9
6le7
63.5
75.7
60.9
67.9
S54.8
72.8

7046

56.7
7001
71.3
7643
73.3
7049
72.4
72.8
63.3
61.0
67 .4
75.5
61.7
659

c
59.9
59.7
754
67.0
65.4
764
63.0
7047
56.6
73.3
72.0
57.6
7142
724
77.1
749
740
72.7
73+.6
64,04
61.6
68,4
78.2
63.7
67.9

D1
6246
5847
8le4
70.7
70.9
83.6
66.9
72.6
6241
79.9
76.9
64¢5
767
78.2
83.6
79.9
The8
81.8
8049
70.9
6843
7446
80.7
66.9
72.2

D2
6243
57.9
81.6
70.7
71.0
83.8
66,8
72.5
6242
80.1
77.0
64.8
7648
78.3
83.7
739.9
Thel
81.8
80.9
71.2
68,5
Te?
80.6
67.0
72.2

E#
61.2
57.2
8044
69,5
6945
8246
65¢4
71.5
61e1
78.8
75.9
63.6
7542
76.9
82.3
78.5
73.2
79.9
79,2
7501
6649
73,1
79.4
6545
70.7

MK6

71,3
67.8
88.7
79.4
78,9
98.6
75.4
81.0
Tiels
87.3
85,2
73.7
L
85.7
9§.2
86.8
81,7
86.4
86.6
79.7
76.8
82.1
87.8
75,7
80.3

MK?

63,0
539.7
79.2
70.3
70.0
81.2
6649
72.0
6245
78,1
7549
ble?
75,4
76.6
81.90
77.8
73¢4
77.7
77.9
734
68.2
733
78.6
67.4
Tie b

PNL
8.5
6L c
87.2
76.7
76,7
89,3
72.9
78.8
67.4
86,1
83.2
R
82.7
84,3
89.5
85,8
85.8
86.8
86.6
77.2
Thel
8.4
86,6
73.1
78.2

PNLC
7140
6648
89.5

.79.1

784
91.9
75.0
81.5
69. 8
87.9
8546
7245
85.3
86.4
92.2
88.56
83.7
89.3
89.3
78.5
75.1
8310
89.4
754
80«5

ZWCKFF ZnCKOF

75.5
72.0
81.6
8247
82+
334
79.2
85.0
737
9C.9
8847
76.0
88.4
89.5
9349
91.2
B745
3Ce3
90.7
82.3
8C.2
B6e0
92.C
BCe3
B84e1

7643
7245
8245
8346
B83.2
QL
87.1
85.8
447
31.9
89.7
774G
693.3
9C. b

‘9448

S52.1
8748
9143
91.5
83.3
81.2
8649
9ca7
812
84.9

LL
54a7
53.8
7151
62.2
6l1.2
73.0
58.9
B9
53.5
70.1
67.5
5544
67.3
68.2
73.1
59.5
66.5
7C+6
70.6
Bl.4
58.8
BLel
71.2
57.0
62.6



WELLS UHV NOISES NBS + STATS 3-15-77

NO. 0-A A B c
MEAN LEVEL 69.4 66.2 67.1 68.7
RANGE 21.1 25.6 21.5 21.6
SDyN-1 645 7.26 6465 6.43
MEAN OIFF 5.1 1.9 2.8 bGoely
RANGE 4.7 6.6 3.4t Sele
SD,N‘i 1.22 10‘}8 88 1.‘03

06-v

D1

7346

2449
7e24
9,3

6.3
1.31

D2

73.6
25.9
7.33

9.3
Tel
1.49

E#

723
254
722

8.0
6.2
1. 32

MK6 MK7
8l.4 72.5
22.8 21.5
be34 610
17.1 Be2
be7 4e5
1.07 « 385

PNL

79.5
2543
7.28

15.2
6.0
1.34

PNLC

81.8 85.1
25.4 2i.9
Tt 0 6.t 3
17.5 208
6e1 5.1
1.36 «91

ZWCKFF ZWCKLF LL

86¢i
21.93
642

2147

5.1
e 9%



Evaluation of Data on Subjective Effects of Noise
B, Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author (S) : Yaniv, S.
Title: Equal loudness contours for household appliances.

Reference: Unpublished, 1976

STIMULI

Number and type of noises: 11 Household appliances
Levels: gtandard stimuli set at three overall SPLs; 40, 50, and 60 @B.
Mode of presentation: Earphones

Analysis: third octave

JUDGMENTS

Attribute judged: Loudness

Psychophysical procedure: Adjustment - 1/3 octave band of noise at 1000 Hz
gserved as a common reference to determine the loudness levels of the
appliances. :

Number of observers: 10

OTHER

Special features:

Comments: Both ‘the comparison noises and the 1/3 octave band of noise
were used as standard stimuli.
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 MEAN LEVEL
RANGE
. SO,N'l

»
O
[\ ]

MEAN DIFF
RANGE
SD ’N-l

11 NOISES AT 40 DB SPL,

0-A

40.0
39.9
0.0
39.9
40.0
40.0
0.0
39,9
39.9
40.0
39.9

40.0
o1
«03

-08‘
12.5
4,55

A
31.7
40.6
30.8
26.0
48.5
3642
30e%
37.2
34.0
261
34.1

3344
14,6
5.03

73
Laeb
1.61

B c
36.2 39,2
39.7 39.7
35.3 39.0
33.9 38.8
39.7 39.8
38.7 39.9
33.9  38.7
39.4  39.9
37.7  39.6
32.8 39,2
37.6 39.7
36.8 394

6.9 1.2

2.56 445
«3.9 =1.3

7.0 11.6

2.42 W.21

NBS + STATS

D1
36.2
474
3645
334
46.8
41.9
34.7
41.7
39.3
3246
38,7

39.0
it.8
501

“1.7
5.7
2e¢16

3-15-77
D2 E¢
35.4 35.5
47.3 43.6
35,6 3k4e7
31,2  31.8
46.8 = 43.3
41.7 39.7
34,1 334
41,6  40.2
38.9 37.7
30.8 3048
38.3 37.5
38,3 3741
16,5 12.8
5,62 4432
2.4 =3.6
Bots 4e8
2.27 1.64

MK6
31.3
49.7
3046

040
5047
449
30.3
b5
38.9

0o 0
38.7

32.7
50.7
17.68

-840
3%.2
13.66

MK 7

A
4 e 9
3301
25,7
45,3
4146
32.9
7% W §
37.9
2646
3649

36e4
19.6
5.63

‘“.3
7.2
2462

PNL

36.1
50.2
36.6
2544
50.9
45,8
Shols
44.5
41.7
259
40.5

39.3
25,5
8.61

=1.5
13.5
4459

PNLC
36.8
51.9
39.5
26.5
52.4
48.5
35,6
46.1
42.5
2649
40.5"

L4i.7
25,9
8,89

.1
1440
4,91

ZWCKFF ZWCKOF

Gl b
52.7
b44e8
38.2
53.7
51.7
43.6
S51.4
L8.9
38e6
49.0

L7.0
15.5

S.46

6.3
6.6

2403

Lo.2
5341
4640
39.8
54,2
5246

45.3
52.3°

S5ieu
405
5543

L2
N

5.30

75
6ol

1.81

L
45,5
46.90
37.5
3345
46.0
k3¢5
39.0
46.9
L3.0
3445
3845
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YANIV (ELCHA) 11 NOISES AT 50 DB SPL NBS + STATS 3-15-77

NO.

W @ N O U &N -

= e
- o

12

MEAN LEVEL
RANGE
SOsN-1

MEAN OIFF
RANGE
SDsN-1

0-A

5040
49.9
50.0
49.9
50.0
50,0
50,0
49.9
49,9
50.0
49,9

509
o1
«03

-3.8
10. %
3. 84

A
b1.7
50.6

k0.8

*36.1

50.5
46,2
Y S
47.2
t4e0
36.1
4hel

43,4
14.5

5.02

-10.3

6.6

2.02

B
46,2
49,7
45,3
43.9
49.7
L8.7
k3.9
49.%
&7.7
2.8
47.6

46.8
6.9
2454

-5.9
5.7
1.67

c
49.2
49.7
49.0
48.8
49.8
49.9
487
49,9
49.6
49.2
49.7

49.4
1.2
« 45

“Led
9.5
3.44

D1
4642
57.4
46.5
43.5
56.8
51.9
4he?7
51.7

49,3

42.7
48.7

49,0
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02
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5.t
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E#
45.6
53.6
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Lhe 0
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whqd
61.6
574
48,5
56.2
5445
43.9
53.6
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e 9
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2.72

PNLC
50.7
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49.8
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5542
44.8
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S54e2
18.3

6.36

5
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YANIV CELCHAY 11 NOISES AT 60 0B SPL NBS ¢+ STATS 3-15-77

NO.  0-A A B c D1 D2 E£ MK6 NK7  PNL  PNLC ZWCKFF ZWCKDF  LL
1 60.0 51.7 5642 59.2 5642 .55.4 55.6 642 57¢7 61e7 6204 6945 70e6 645
2 5949 60e6 5%¢7 59,7 674 6743 63.6 710 63.0 T1.4 73,1 Thib  Tu.8 67.5
& 60,0 50.8 55.3 59,0 5645 55,6 547 64e5 57.5 62.3 65.1 T70.1 70.9  63.0
5 59,9 %6e4 53.3 58.8 53.5 S5i.4 51.9 60,9 53.3 57.6 58,7 65,9 66.9 . 61.5
6  60e0 605 59.7 59.8 6.8 6648 63.3 71.6 63.7 71,9 73.4 75.4 75.8 68.5
7 60.0 56.2 58.7 59.9 61.9 61,7 59.7 68.8 61.5 68,0 70.7 T4e3 75.0 87.0
8B  60e0 50e4 5349 58,7 S4e?7 S54e2 53,5 6hel 56.7 60,6 61.8 69.6 70.7 53.0
9 59,9 57.2 59.% 59.9 61.7 616 60s2 68.2 61s7 66,8 68,4 73.6 Thok 6845

-
[ ]

59.9 540 57.7 59.6 59,3 58.9 57.7 67.0 60.1 65.4 66,2 7245 73.3 - 69,0
60.0 Lé.1 52.8 59.2 52.7 50.9 50.9 60.3 53.3 56.8 57.8 67.1 68.2 59.9
12 59.9 S&.1 57.6 59.7 S8.7 58.3 57.5 67.0 60.0 64.7 64,7 72,8 737 6540

(VY
-

> MEAN LEVEL 60,0 53.4 56.8 59,8 59,0 58,4 S7el 6Hel 5940 64e3 65,7 Ti.lk 72.2
3 RANGE 1 14.5 6.9 1.2 14.7 16.% 12,7 11.3 10.% 15,1 15,6 9.5 849
SOysN=-1 e03 5,02 2.5% 45 4499 65,58 4,30 3.72 3.57 5,04 5.35 3,13 2,95

MEAN DIFF 5.3 "11.8 =8 "5.‘ -6.2 '6.8 -301 09 ’6-3 ‘og ol 602 ; 7Te0
RANGE 9.2 8.5 be? 8.7 9.6 9,9 Tkt 5.5 hob 7.8 Bl 4,3 bol

SD'N°1 ’ 3013 2464 1013 2.77 289 3.29 208 l 1.66 1.39 2.69 3.13 1.41 1.38
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b.

the standard deviations produced by the D1 and E weightings are
not significantly different from each other but are significantly
smaller than that produced by the A weighting,

the D2 weighting does not appear to be significantly better
than either the D1 or E weightings, nor is it statistically
different from the A weighting.

only the Mark VI and Mark VII calculation systems show significantly
smaller standard deviations than the D1 and E weightings, although
the Mark VI, Mark VII, PNL, and Zwicker systems all exhibit
significantly smaller standard deviations than the A, B, and C
weightings.



