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I INTRODUCTION

Tbe obJectlve of this study was to compare commonly employed frequency

welghtlngs and calculation rating schemes with respect Co their ability to

predict the subJecciv_ effect of sound. Toward thls 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well as unpublished laboratory data.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 eontalnel both

a spectral analysis into thlrd-octave or octave bands and subjective measure-

ments could be incorporated into chls evaluation. We did not examine many

published data on the loudness of wbolly artificial sounds in order to give

priority to natural sounds, Co simulated sounds, and Co noises with tonal

components.

This report presents the results of a detailed examination of 23 studies

An which listeners Judged either the loadness or acceptability (annoyance,

oblectlonahillty , ere.) of sounds. These studies encompassed a wile variety of

natural and simulated noise stimuli. The following parameters were examlnel in

detail: (I) subjective attribute Judged, (2) type of noise (e.g., aircraft,

industrial, etc.), (3) presence or absence of tonal components, (4) mole of

sound presentation, (5) effect of sound pressure level on observed dlscrepan-

cles between measurements and predictions. Each of these factors is eonslderad

separately in the body of chls report. Included in this final comparative anal-

ysis are computations of absolute mean differences between subjectively equal

sounds, mean llfferences between calculated and measured levels, and standard

deviations for each frequency-welghtlns and calculation system.

II OVERALL RESULTS

Table I Identlfles the 23 studies that were evaluated and sumaarlzes their

relevant characteristics, In most of these studies sounds were matched by

listeners either Co each other or to a standard sound. For every studyeleven

overall values were calculated based on six different frequency-welghtlnE func-

tloos and five different calculation schemas. (The eleven functions and schemes

are listed in the legen d of Table If.) Third-octave-band pressure levels at
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frequencies from 25 or 50 Hz to i0,000 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 hands equal and adjusting the level

in each accordingly.) Figures 1 to 4 are computer plots of the A, Di, D2, and

E frequency weightings. These plots encompass the entire audible spectr_n

between i0 and 20,000 Bs. However, in tile actual calculations spectral energy

below 25 Hz and above i0,000 IIz were not included.

The computer program for the eleven frequency-welghting and calculation

schemes was a modified version of one furnisimd 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 magnltude. Borsky's (1974) was tile

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, am the

bottom of the table, the overall means and their standard devlamions 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 convey. Although

the number of observers used in each study varied widely from study to study,

this number did not ante= 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 efa 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 cormnon standard or to eanh other. Within

a group it was possible to have some variation in SPL, in temporal patterns,

in spectra, and in tone-to-noise ratio. Whenever appropriate, the standard
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TABL_II* VARIABILITY OF CALCULATED 1,EVEL_q OF NOISE t

(Standard dovIa_lonl Ln dB compuc_d 0L_he_ from the ¢_tlcula_od levels of a _roup of sou_d_ Judged JubJeccLvety
equol or from _h_ dif_er_ncee baleen cllculaced And Judsed levels. Tho emaller _he etsndsrd dev_a_a_l the
clostJr _he Jcheme ¢omos _o prQd_cc_n 8 the _ubJec_lve e*]uall_y of it gel; Of eout_dl,I

NU_E_ HS_

STIYO¥ N_n O_ EItyERS A B C 131 D2 E VI VII I_L PNLC _t_l

_r_lund e_ al, 18/3" J0 _,6 4.6 4.6 4.6 4.6 4,6 3,8 3.9 5,6 5.6 3.7

_orJky 13/t3" 3_ _.6 3,0 2._ 3,3 3.5 3.3 3,O 3.0 3,_ 4.2 3.4

FLshke_ _4/12" 12 3,5 3,7 3.7 4,_ 4*5 _.2 4,2 _._ 3,8 3._ 2,8

2_/3_ 8 _.5 4,6 4,6 4.4 4,4 4.4 4.4 _.4 3.4 3,5 3.7

JJhn IO/_0 2_ 1.3 l,_ 1.4 t.2 1.3 1.2 0*9 0.9 1.0 I_ 0.8

Kry_or 17/17' 4-100 2,4 _.3 6,5 _.4 2,6 3.7 2._ 2,9 2._ 2,6 1.7

I(ryter & PearJonl 9/_ L3-_9 3.5 _,8 5._, 2_8 3.1 2,8 2.1 1,9 2.1 2,2 3.7

Lubcke e_ _1. _t/l_ 12 2.0 2.2 2.3 1.6 1,7 1,5 2.5 l,B 1.8 I,_ L.5

20/20 12 2.3 2.L 2.2 2.6 2.8 2_6 2.1 2.0 2,2 2*3 1.6

HolLn_ IB/5" ? _.4 4.6 5,6 2.Q 2,9 2,9 2,4 1.8 2.5 2*6 2.6

_earsons & nen_e_ 30/30 20 4.3 4._ _*.7 _,5 3,7 3.3 2.8 2.8 2.9 2,2 3,7

20/20 20 L.7 4,0 4*0 L.4 1_4 _.7 _,3 1.5 l._ L.3 1.8

Pearsonl _ al, 108/5_*_ 20 6.5 S,I 5.3 2_5 2.8 3.0 2.2 2,2 3.0 2.6 2,1

Pearao_e & _4u111 19/19" 20,30 _.8 _,_ 3.6 l,_ 1,8 1.9 2.4 2,3 2._ 2.7 2,6

Q_LeC_lch 27/27 20 4,2 4.4 5.7 _.0 4.3 4.2 3,! 3*2 4.0 _._ 3,3

tO/lO 20 3.8 6._ 7.0 3.3 2,9 3*8 2*5 2,5 2._ 2.B 2*5

_demachur 24/2_, 20-25 2.2 2.6 3.2 1_8 2,0 1,9 l,_ 1.7 l,_ 1.7 1._

Rob_nJon & I0/5" 558 1,9 2._ 3.1 1,4 1.5 1.9 1.2 1,6 1,1 _,4 0.9
_oow_het"

_p_al_el 20/20 lO 4,7 6,2 _o8 _,2 _,,O 4._ 2.4 L.9 3.2 3,7 2*4

20/20 lO 5,3 4,9 5°1 3.$ _,*L 3.6 2,6 _.6 2.9 _.2 3,0

_ella _atrcr_fc) 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

_ell_ (_npuht,) 3_/3J* 30 L,t t_7 2.1 1,3 _,_' l*l 0.9 0.9 1.2 t.6 1°1

tee Lira 300 _2/_2 _O 3.7 _.2 6.6 .%4 2*7 2.1 2*L 2.2 2.3 2,_* _,3

t4eLLs _,00 60/60 _0 2.5 4.2 4.9 2,5 2.0 2.6 2.5 2,6 2_5 1,8 3.!

_ullJ I_I_V 2_/25 31 1.5 0,9 1.4 1.3 l._ 1,3 l,l 1.0 1.3 1,4 0,9

YanLv I1/IL Io L,6 2.4 4.2 2.2 2.3 1.6 °-- 2,6 4,6 4*9 2.0

ll/It _0 2.0 1.7 J,4 _.4 2.7 1.7 2.7 1.5 _.7 _.2 0,9

II/ll IO 2,_ 1.2 2,8 _.9 3.3 2.I 1.7 1,4 2,7 3.1 1._

LEC_

• _t_be_ o_ d_f_re_ _pe_ H_k VII _ b_ed on t_d_|_o_ o_ He_k VI

FF _at|_ Ulted_



deviations from different portions of a single study were combined. For instance,

standard deviations within a study were combined when "n" was smaller than i0.

The studies by Berglund etal. (1976), Mollno (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 (e.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 el. (1968) and Pearsons

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 val*les based on

Zwieker's system adjusted for either free-fleld or diffuse-fleld 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-fleld category.

In general, _he 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 devla-

tions are quite small. By comparison, the introduction of multiple pure tones

or _rlde variations in temporal patterns produces large increases in the magni-

tude of the standard devdatlons (e.g., Pishken, 1971, Pearsons and Bennett,

part i, 1969, Pearsons et el. 1968, Wells 300-400, 1969). The blank seen in
,i

_ the Mark-Vl column for Yaniv's (1976) data results from a limitation of the

_, Mark-Vl calculation system for noises that contain energy peaks below 40-dB SPL

in the frequency range below 180 Hz.

i[ The overall summary presented in Table II reveals that the differences
_J

:' among the means and standard deviations of the standard deviations are quite

small when compared across frequency weightings and calculation schemes.

ii Among the frequency weightings, the B and C welghtings produce the largest yard-
:I

[:! ability; the B and E welghtings produce the smallest variability, while the A

_i weighting produces an intermediate value. However, the magnitude of the
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differences, with the exception of the C weighting, is on the order of 1.0 dB.

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

a third of a decibel larger than those for three of tbe 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 ware 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 deviations.

Parts of the Berglund et el. (1976) and Pearsons etal. (1968) studies in addl-

tlon to the experiments of gopeland et el, (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

wi_h respect to elthcr loudness or acceptability, does the welghtiDg or calcula-

tion system predict this zero difference in perceived magnitude? In order to

answer this question, m_an differences between the calculated values of subjeo-

tlvely equal sounds were computed for each study.

Table Ill presents the results of the calculations of the absolute values

of mean differences, The column labeled N/n does not |]ave the same meaning as

in Table If. The number of different sound spectra is again denoted by "n" but

"N" represents _he number of sound pairs within a glven 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 ealeulatlon system. For example, the Berglund et el,

(1976) experlmemt produced seven subjectively equal pairs of sounds but only

two different sound spectra were involved. On the ether hand, the Hillqulst

(1967) study resulted in 21 squally matched pairs but all 21 sounds bad

somewhat different spectra. Thus, in the Berglund et el. study, N is 7 and

in the Killquist study it is 21.

An explamatlon also appears in order for the Copeland etal. {1960) and

Pearmons st el. (1968) analyses. In each study, the same sound spectra were

presented to two groups of listeners w_th a different set of instructions.

One group of listeners was asked to match the sound pairs in loudness and the

other group was asked to match the pa_rs for equal disturbance or acceptability.

Table IIl considers each aerles of mean differences separately.
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TABLE III, MEAN DIFFERENCE_q (ABSOLUTE VALUES) WITIIIN PATRS OF SD]_JECTIVELY EQUAL SOUNDS

HA RK

STUDY N/_n A B C DI D2 E Vl VII PNL PNL__C, 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 I.I

Copeland et al. 4/5** 1.5 3.9 5.2 0.9 0.7 1.5 l.O 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

Billqulst 21/21" 1.9 2.6 3.0 2.2 1.9 2.1 1.5 1.7 1.8 "-" 1.2

Little I/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 5.0 4.9 5.1 5.3 4.3 5.3 7.0

I0/10.* 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 specCra

*Observers Judged acceptability or d[sturbance of sound

**Observers judged loudness

:Ii !

i̧ i

i̧
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In the study by Copaland et el. (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 el. (1968) study yielded much larger differences between

loudness and aeceptabillty 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 el. (1968) study

for acceptability are shout as large as those in the study by Little (1961)

whose listeners Judged the two Jet sounds for equal annoyanoe.

Both the Little (1961) and Psarsons et el. (1968) studies Involvmd judg-

ments of auditory magnitudes other than loudness. Further, in contrast to the

aircraft noises ased by Copeland et el. (1960), Little (1961) and Pearsons

et el. (1968) introduced tonal components into their stimuli. Although Table

_II Includes few data, they do suggest that none of the evaluated frequency

weishtimg 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 deviations 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

percelved and predleted magnitudes. When a calculation system is evaluated, it

is important to know not only how variable it is but also |low well it predicts

the perceived magnitude as reported by the typical humas observer. The vari-

ability of a given system may he quite small, hut it may predict perceived

levels consistently different from what the average listener reports, thereby

deereaslng its validity or accuraty. If a frequency weighting or calculaClon

system is to have validity or meaning in terms of the output of the human

ebmerver_ then it is necessary to be concerned with not only the system's

va_Imbillty but also its ability to predict the _udged levels. (Of course, if

the error is a constant, correcting for it is a trivial matter, hut as is

shown below, the error is far from being a constant for any of the frequency

welghtlngs or celeulatlon schemes.) For a discussion of the _mportant distine-

tlmn 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,

STUDY N/n A B C DI 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" -i.0 -1.7 -1.7 5.8 6.0 2,9 8.8 1.3 9.9 15.6 11.2

Jahn I0/I0 -II.9 -10.8 -i0.3 -5.I -3.3 -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

LL%cke at al. Ii/Ii -18.8 -16.9 -16.O -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

Mollno 18/5" -6.3 -4.8 -3.1 -7.5 -I.0 -2.4 6.4 -I.0 5.1 6.3 12.3

quletzsch 27/27 -14.6 -13.0 -11,6 -8.3 -8.6 -10.3 -3.5 -II,0 -2.5 0.6 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 20220 -12.8 -10.9 -10.O -6.7 -7.0 -7,6 -1.5 -9.4 -3.9 -1.8 1.0

20/20 -11.9 -i0.0 -9.0 -3.8 -6.2 -6,8 -2.8 -10.9 -2.3 I.O 0.7

Yaniv II/11 -7.3 -3.9 -1.3 -1.7 -2.4 -3,6 -4.3 -1.5 -0,I 6.3

ii/II -10.3 -6.9 -4.3 -4.7 -5.4 -6,6 0.2 -4.9 -0.9 0,5 6.5

11/ii -11.8 -8.4 -5.8 -6.2 -6.8 -8,1 0.9 -6.3 -0.9 0.4 6.2

a

Mean of Me,n diffs. -10.8 -8.4 -7.0 -4.9 -5.0 -6.2 -0.13 -6.8 -0.I 2,1 5.).

SD of Means 4.53 . 4.36 4.63 4.68 4.84 4.53 4.54 4.29 4.69 3.70 4,16
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Ten of the twenty studies sbown 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 came manner

and for the same reasons as in Table If. All of the ten ctudles involved

mmtches against a known calibrated standard from which a loudness level could be

determined. Except for the study by Berglund et el. (1976) which used a white-

noise standard, tllestandard sound was either a 1000-Hz tone or an octave or

1/3-octave band of noise centered at 1000 IIz. The measured loudness levels for

these studies are listed in the computer printouts in the Appendix.

The loudness levels of the whlte-nolse standard in the Berglund et el.

(1976) study wore 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 FNLC and Zwieker systems,

all of the ealculatlon and weighting schemes tend to underestimate perceived

megnltude. The overall mean of the mean differences produces the largest dis-

crepancy between calculated and measured loudness levels for the A, Bj and C

welghtlngc and the smallest discrepancy for the Mark Vl and Pb_L calculation

schemes. We should note, however, that the means calculated for the _rk VII

system were not adjusted for the 8-dB difference in loudness level produced by

equally loud i000- and 3000-Hz tones (Stevens, 1972). When this adjustment is

made, the outcome of the Mark Vl and Mark VII systems is about the came. Never-

theless, as pointed out with respect to Table If, the shorteomlng of Mark VI

is again apparent for the stimuli analyzed by Yanlv (1976), at 40 dS SPL. Whereas

the mean of the mean differences shows a wide variation across frequency-welghtlag

and calculation schemes, the standard deviation of the mean remains fairly constant.

Mareover, the magnitude of the standard deviations across wolghtlng and calculation

schemes is quite large. It ranges from 4.2 dg for gwlcker's system to S.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),

• QuleTzsch (1955), and Spiegel (1960)) employed either artificial sounds including

tonal componea£s_ or a wlde assortment of sound spectra that were already shown ins

Table II to contribute heavily to overall variability.4
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FIGURE 5. LOUDNESS FUNCTION FOR WHITE NOISE
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III ANALYSIS ACCORDING TO FIVE PIkRAF_TERS

In this section subgroups of the 20 studies summarized in Table IT are

compared according to the categories delineated in section I. This type of

analysis was performed to ascertain whether it would reveal more information

about s specific weighting or calculation scheme than the general analysis.

Table V shows the effect on standard deviation of four parameters. For each

parameter, the unwcIghted 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 ii.

I, 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 classified in the loudness category and ten

were placed into the acceptability category. Table V suggests that the relative

reliability of the ii 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., quletzsch, 1955) or levels (e.g., Fishken, 1971).

3. 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, end 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 Peersons (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 SDa A B C DI D2 E VI VII PNL PNLC ZWI

I. Attribute Judsed

Loudness 9/15 3.3 3.5 4.2 3.[ 3.2 3.0 2.6 2.5 3.0 3.2 2.3

Acceptability 10/12 2.9 3.7 4.3 2.3 2.3 2.3 2.0 2.0 2.3 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

Indust:rial 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 I/I 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

Mlscel. 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 2.5 2.6 2.5 2.3 2.4 2.4 2.4 2,7

Absent i0/15 3.2 3.7 4,5 2.9 3.0 2.9 2.4 2.2 2.8 3.0 2,2

A. 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 2.6 2.8 2.5

Earphones 3/6 3.1 3.1 3.9 3,5 3.6 3.1 3.4 3.2 3.8 4.0 2.4

** 2 Means
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specific category and were placed into a miscellaneous classification. These

studies included the five environmental noises used by Mellno (1976), the 37

mixed group of noises used by Quietzsoh (1955)_ and the 25 ultra-hlgh voltage

transmission-llne 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

thQ D and E weightings or the Mark VI, Mark Vllp PNL, and Zwicker calculation

schemes. Although the A weighting fares about the same as the D and E weight-

ings for relatively homogenQous 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 deslgnated PNLC, which includes

a correction for tonal components, 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 stady was classified as having tonal components

according to the authorls 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 conclusion, however, may he 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_t 2. For

instance, five of the nine studies involving tonal components used fairly homo-

ganeous spectra whereas five of the ten studies that did cot include tones

employed widely disparate spectra. The study of Wells (1970) is an example of

the former category and the studies of Quiatzsch (1955) cad Spiegel (1960) are

examples of the latter category. Hence, a proper analysis of the effect of

tonal components on standard d_viatioas requires that the interaction with other

stimulus features be taken _n_o account.
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4. Mode of Sound Presentation

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

the standard deviations. The same studies were regrouped into three categories:

free-field, dlffuse-field, and earphone presentation. This breakdown reveals

_hat, with the exception of Zwicker's system, all of the weighting and calcula-

tion systems result in tbe smallest s_andard deviations under free-field eondi-

tlons. In a diffuse field, the standard deviations increase somewha_ across

calculation systems but the increase is smaller _han across weighting schemes.

On the other band, when earphones were used the standard deviations are large

for both the weighting and calculation schemes. Only Zwieker's system, which

explicitly takes into account the mode of sound presentation, gives approxi-

mately the same standard deviations for all tbree modes.

5. Effect of Sound Pressure Level on Standard Deviation

The standard deviations for the A, DI, and E welghtings are plotten in

Figs. 6 through g as a function of SPL; those for Mark VI, PNL, and Zwicker are

plotted in Figs. 9 through ii.

Figures 6 through ii show that the A weighting produces the largest scatter

of standard deviations and Mark Vl 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 _ clear cut level effect. The dependence of standard deviations

on SPL is a basic weakness of the frequency-welghting schemes. It reeds 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 gowsher, 1961; Wells (_|V),

1972) and for _udgmests of loudness (Jabn, 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 i to

g dB despite the fact that the measurements were obtained a_ about the same overall

{ SPL of 80 dg. The 1970 Wells study (unfilled diamonds) used a fairly homogeneous

_' sample of airplane noises and thereby yielded a consistently small standard
ii

, i_ deviation, whereas the 1969 Wells study (filled diamonds) introduced multlple

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

the standard deviations.
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TABLE VI. EFFECT ON MEAN DIFFERENCES OF 1_40 PARAMETERS (Calculated minus observed levels in dB)

See Legend for 'Fable II.

No. of

STUDIES/ MARK
VARIABLE MEANS A B C DI D2 E VI VII PNL PNLC EWI

I. Type of Noise

Aircraft I/I -12.8 -IO.2 -8.7 -5.1 -5.5 -7.3 I.O -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/I -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.I 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.i 2.0 6.3

2. Mode of S_Imulus Presentation

Free Field 4/5 -14.3 -12.1 -II,O -8,0 -8.4 -IO.O -3.4 -10.3 -2.4 -0.6 2.4

Diffuse Field 4/5 -iO.6 -8.5 -7.4 -4.5 -4.8 -5.7 0.2 -7.2 -0.4 2.0 4.6

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

**2 means
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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 sho_1 in Table VI.

Part 1 of Table Vl presents the mean differences for the same six cate-

gories of noise 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 weigbtings and the smallest discrepancy for the _rk 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 is 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. Slmi-

larly_ the mean differences produced by the D1 weighting range from about -1.4

dB for artiflclal 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 DI, D2 and E welghtlngs 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 Vl. These data show that none of the weighting schem_s 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 Vl

and PNL predict perceived levels best in a diffuse field whereas Zwlckerls

system predicts perceived levels best in a free field,

IV SUMMARY AND CONCLUSIONS

This project was concerned with the ability of ll frequency-welghting and

calculation systems to predint 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 weightlngs and the five calculation schemes, The A weighting is less

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 calcul_tion systems

are not. The level dependency is such that the expected error in the frequency

welghtlngs 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 than none of the frequency-welghtlng schemes is

valid (without a correction) for free-field presentations, 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 VlI means that the weighting and cal-

culation schemes listed horizontally in the row produce larger standard devia-

tions than the weighting and calculation schemas 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 example, the first line shows

that the B and C welghtings produce significantly larger standard deviations

than the A welghting whereas the D1 and g weightings and the Mark VI, Mark VII,

PNL and Zwlcker calculation schemes produce significantly smaller standard

deviations than the A weighting.

Table rills important implications can be summarized as follows:

l) Of the six frequency-weighting schemes, the standard devlatlons

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

than the standard deviations produced by the g and C weightlngs.

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 eat appear to he significantly better than

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

from the A weighting.



TABLE VII. DIFFERENCES [ IN dB BE_dEEN MEAN STANDARD DEVIATIONS IN TABLE II.

B C D[ D2 E VI Vll PNL PNLC ZWI

A .50* I. ii*** -.41" -.33 -.43* -.83*** -.81"* -.48* -.38 -.71"*

B -.61"** -. 91"_ -.83** -. 93"** -1.31"** -1.31"** -. 98"* -.89'* -1.21"**

C -1.52"** -1,44"** -1.54"** -1.89"** -1.92"** -1.59"** -1.50"** -1.82"**

DI .08 -.02 -.39** -.40** -.07 .02 -.30

D2 Results of t-tests (N=28) -.lO -.46"** -.48"* -.15 -.06 -.38*

E blank -- not si_nlflcant -.38.* -,38"* -.05 ,O4 -.29

VI "* = algnlficaht at ,O5 or better -.04 .22* .31. .08

VII ** = slgniflcsn= at .01 or better .33* .42* .10

PNL *** = significant at .001 or better -.i0 -.23
PNLC -.32

Istandard 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,
DI minus A = -.41, ere, Thus, a positive value means the deviation listed in the column was larger than the
deviation listed in the tow, and a negative value means the opposite,

Legend:

A,B,C standard sound-level meter weightlngs Hark VII based on modification of Mark 9-1 (S, S,

DI meter weleht[n8 adopted by IEC Stevens, JASA, 1972, 51)
PNL perceived noise level

D2 weiehtln 8 values suggested by K, Kryter
PNLC PNL with tone correctlon as per FAA36

E weishtln 8 value8 proposed for trial and
study by ANSI 2WI based on Zwicker's loudness calculation system.

_rk VI ANSI g3.4 (R1972) procedure for the Program from E. Paulu, and E. Zwicker, Acustica,
1972, 27. Free-fleld (FF) and dlffuse-fleld

computation of the loudness of noise (DF) values used as appropriate.
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4) %n_ereas the Mark VI, Mark VII, PNL, and Zwleker systems all

ezhihlt significantly smaller standard deviations than the A, B,

and C weightings, only }_rk VI and Mark VII show signlfleantly

smaller standard deviations than the D1 and E weightings.

5) The standard 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 F_rk VZI.

This analysis of standard deviations does not address itself to the

important question of validity that was raised in the dlseussion of Tables IV

and VI. The available evidence (e.g., Little, 1961; Pearsons et al., 1968)

suggests that, when single and multiple tonss are introduced date 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-welghting or calculation

scheme. To help solve this problem, the extent of the disparity between calcu-

lated and pereelved magnitudes needs to 5e measured wi_h a known, calibrated

standard.

Overall consideration of the results leads to the following coneluslons:

i.) 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 frequeney-weightlng or calculation schsmes perfo_s

well when ths 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 int_rmlttency on per~

calved 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-

sncss 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 studi_s

across types of noises, and across invastigatlona.

4.) To decrease the variability of matching data for broad-band noise, a

calibrated broad-hand noise should he used as a common s_andard. One such

possibility is white noisa 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 suoh a sta.dard oould be agreed upon.

Although the calculation sehem_s 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; tile differences among our

measures of variability are so small (usually under ldB) as to require a uost-

benefit analys_s far beyond the scope of this project. 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 weightlngs, 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) wi_h nearly as little variability as more recently

proposed weightlngs. 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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Eva[uation of Data on Subjective Effects of Noise
Bo Seherf, R. }Iellmon, J. Bauer
EPA Contract WA 76-E213

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

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

Reference: JASA_ 1976, 6_O, II19-1125.

STII_f{JLI
,, i

Number end type of noises: 3 noises - Jackha_ner_ plledriver, 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

JUDOMENT$

Attribute judsed: Loudness

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

Number of observers: 30

OTIIER

Special features: Some of the same stimuli were also used to obtain mssnltude
estimation functions for loudness, annoyance, and noisiness.

Comments: Loudness levels were determined by compsrina, over the experiments[
mtlmulus range covered, the white noise loudness function of Scharf

(in press) against the standard lO00-}%z loudness function.

::,i A-I
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1 68*6 96,2 63,8 65,2 6_,0 62,2 6Z,Z 71,6 63,_ 69,5 70,6 77,8 78,9 71,_

6 73,J 32, a 6_,_ 72,3 83,2 59,0 60,3 69,8 60,0 67,0 67,9 76,9 77,F 71,_

26LUND ET AL 1976t NO_SES 1 • 6_ LEVEL ? NBS + STATS 3-10-77

NO_ O-A A B C DI D2 E_ HK6 HEY PNL PNLG ZHCKEF Z_CKDF LL

1 84_6 SE,Z 59,8 84,2 60,0 58,2 56,2 67,7 6_,0 65,1 66,2 73,6 7_,5 6_,5

6 69,1 _8,_ 60,4 66,3 59,2 55,0 56,3 65,_ 55.9 62,1 62,6 72._ 73,_ 68,5



Evaluation of Data on Subjective Effects of Noise

B. Scharf_ R. fief|man, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Borsky, P.

Title: Annoyance snd acccptability Judgments of noise produced by three
types of elrcraft by residents living near JFK airport.

Reference: NASA report, 1974, 1-50.

STIMULI

[ Number and type of noises: Three aircraft noises.studied at three different
approach and departure dlstsnces.

i
: Levels: 75 - I00 dB SPL overall

i Mode of presentation: laboratory living room (diffuse field)

!

r-

! Analysis: Third octave

JUDGMENTS

Attribute Judged: Annoyance

Psychophysical procedure: 0 - 4 rating scale

Number of observers: 319

OTHER
J

Speela[ features:

C?mments:

A-4



$ORSKY GROUP 1 BY ANNOYANCE NBS 4, STATS 3-15-77

NO. O-A A 9 C D1 D2 E¢ HK6 PIK? PNL PNLC Zl.IKFF ZHKDF

1 89.8 75.5 82.7 88.9 82.3 80.2 80.7 87.5 79.8 88.k 92.8 95.0 95.8

4 88.0 71.9 01.7 87.3 80.6 77.7 78.9 85.9 77.4 86.8 91.3 91.0 91.7

7 86.2 70*7 78.0 85.4 79.3 77.5 78.5 86.1 76.8 86.6 88.8 92.7 93°3

8 83°8 70°4 7601 83°0 78.4 77°2 75.4 83.1 74.7 8_°7 91.3 90.9 9_.°3

11 83o4 70.0 78.2 82.9 77.3 75.1 76.1 81.0 73°4 bl°O 86.0 86.3 87°_

14 86.2 79.4 82.3 85.8 86.1 85.3 83.4 90.0 82o5 92.8 97.4 97.3 97°6

17 08.0 76°4 81°9 87.1 84°6 83°5 81.8 88.6 80°5 91.2 97°9 95°3 95°8

HEAN LEVEL 86.5 73.4 80.1 85.8 81.2 79.5 79.0 86.8 77.9 87.4 92.2 92.6 93°3

RANGE 6°4 9°h- 6.6 6,0 8°8 10,2 8.0 9.8 9°1 11,8 11°9 11.0 1{;°2

$0,N-1 2°33 3.64 2..6:3 2.24 3.26 3.71 3.09 3.13 3.24 3.95 4°32 3.65 3.4_

,>
¢al



80RSKY GROUP 2 BY ANNOYANCE NBS ÷ STATS 3-I5-77

NO. O-A A B C 0I 02 g¢ HK6 HK7 PNL PNLC ZWKFF ZWKG

2 84,9 65,6 75,8 83,8 74,9 71.3 7Z.4 80.5 71,5 79,_ 84,5 87,5 88.

5 80*3 6_o8 72,6 79,3 72,0 69,5 7G,3 77,4 69,4 76._ 80,9 8_.6 85,

9 74,9 57J8 66,9 73,9 66._ 63.6 64.2 72,4 64,2 70,1 ?4.6 ?9.6 8C.

t2 79*6 63,7 73.9 78.9 72.; 69.6 70.8 75.8 67,5 75,3 80,5 6_._ 8Z,

t5 80,8 67,0 74,3 79.9 73.6 71.4 72.3 78,0 70,3 77.6 83.4 8_.6: _5.

18 82.7 67*9 75,9 81,9 75.2 72,8 73,7 79°3 71,2 79.3 _6.0 86.5 dT,

HEAN LEVEL 80*5 6k,5 73.2 79,6 72,k 69°7 70,6 77.2 G9, O 76,_ 81,6 R4,G 8_,

RANGE 10.0 10Jl 9.0 9,9 8,8 9.2 9°5 8o 1 7,3 9,7 $1._ 8°2 8,

$OtN-1 3°35 3,99 3,34 3,35 3°2i 3°22 3°37 2,85 2,76 3,56 _,J3 3,2t 3,



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

SOURCE Author(e): Copeland, W.C.T., Davidson,
I.H. s gargeat, T. I, and
Robinson, D. W.

Title: A controlled experiment on _he subjective effects of Jet
engine noise.

Reference: J. Royal Aeronautical Sot., 1960, 6_, 33-36.

STIHULI
im,

_umber and type of noises: Five Jet engine noises

Levels: 0ASFL's of reference stimuli ranged from 90 - 103 dB

Mode of presentation: Loudspeakers In a small, soundproofed cinema. Diffuse field.

Analysis: One octave (frequencies adjusted).

3t_CH_TS
L_Jll

ACtrtbuCe Judged: loudness and disturbance

Paychophysical procedure: paired comparisons

_umber of observers: 1,578

OTIIER

fipectal features:

Cg_enta: Loudness and disturbance produce ve_ similar reeu1_e.

A-7



COPELAND ET AL NBS÷STATS 3-3-7T

NO. O-A A 8 C DI D? E_ HK6 HK7 PNL PNLC ZWKFF ZHKOF

1 103.0 91,5 99,7 102o7 99,0 96.9 98.0 102.0 99.8 1_,8 107°7 135,8 105.6

2 97.3 95.2 96,7 97,2 101.1 101,8 99.0 104.2 97.7 IC7,4 110.8 1_9,7 1£0,3

3 102,9 97,3 101.6 102,9 101,9 101.5 101,4 106,2 100.4 108,8 112,2 110,7 111._

93.8 91.5 92.7 93.6 98.8 98.7 98,6 1_2.4 95.6 105.5 108.8 1_7,5 _.2

5 89,5 88,3 88.6 89.2 96,6 96,4 93.9 99.3 92,3 102.4 105,8 l;&.3 lC4.8

MEAN LEVEL 97,3 92,7 95.8 97,1 99,5 98.9 97.8 102,8 96,4 105.8 109.0 1;7.6 108.3

RANGE 13.5 9.0 13,0 13,7 5,3 5*1 7,5 6,9 B,1 8,8 12.2 10.7 11._

SO_N-1 5*84 3,5k 5,26 5,90 2.10 2,30 2.8t 2,58 2,96 2.47 2,92 2.66 2,E8

]



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

SOURCE Author(s): Fishken, D.

Title: Loudness summation between tones and noise

Reference: Unpublished doctoral dissertation, Northeastern University, 1971.

STIMULI

Number and type of noises: Six broadband noise wi'th single and two cone component_
added

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

Mode of presentation: earphones

Analysts: Third octave

J,UDCMENTS

Attribute judged: Loudness

Paychophyslcal procedure: Adjustment using s counterbalanced procedure

Number of observers: Exp. I - 12 On; Exp. II - 8 On.

OTHER
m

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

Comments: Loudness levels determined by loudness matches between broadband
noise end s 1O00-Hz tone. Comparison sound used for thls study was

. e band of noise about two octaves wide centered at I000 Hz.

i] A-9



FISHKEN EXP I AT 30 nB SPL NBS _" STATS 3-7-77

NO, O-A A B C D1 02 E_ HK6 MK7 PNL PNLC Z_CKFF ZWCKUF L_

1 30,1 29,8 29,6 29.7 38.2 38.1 35,9 37.6 35.4 38.9 43,3 43,0 _.3,6 3_.

2 30,6 28,5 30,3 30,5 34.6 34.6 33.2 32.9 32.4 34.1 40,8 39.!. 39,? 24,

3 30._ 27.8 30.6 30.9 31.4 31.6 31.4 31.1 26.4 3G.6 37.3 33.2 34.5 22,

4 29,8 30.2 29,4 29,4 38,1 36.1 35.8 38,0 35,3 38.8 42,1 42,8 L3,6 31.

5 29*8 30,0 29,7 29,? 34,3 34.3 32.7 35.5 31,6 33.4 39,7 38,_ _.Oo; 31.

6 30o4 31,1 29*8 29.7 40,4 40,_ 38,9 42.0 3;',9 _2.3 45.6 _3,1 45,3 31.

7 30,4 31,1 29..8 29,7 40,4 4 I 38,0 42,0 37,9 42.3 45,6 43,1 43.3 3 r_.

8 31,5 32,_ 30,8 30.7 42,3 4E :: 39,9 43.4 37.6 43.9 49,0 41,1 46,6 3_.

9 3t,9 32,9 31,2 31,1 42,9 42:,6 40,5 43,2 34,9 43.0 49,7 38,7 37,7 3_,

10 29*8 30o2 29,4 29.4 38*1 38, 35*8 38._ 35,3 38.8 h2.1 42.8 43.6 32.

11 29,8 3O,O 29.7 29.7 34.3 34.3 32.? 35.5 31.6 33.4 3%7 38.8 4D.Z 31.

12 29,9 29*9 29,9 29,9 30,8 30, 3G,4 34, D 27,2 29,6 36.2 32,9 35.2 29*

HEAN LEVEL 3O,q 30,3 30,0 3D*O 37,2 37,1 35,4 37°8 33,6 37.4 42,6 39,8 4_,4

i RANGE 2,1 5,1 1.8 1.7 12.1 12,0 10,1 12,3 1_.7 14,3 13,5 IQ,2 9.1
SD_N-1 ,70 t,k2 .,58 ,59 4,06 3,99 3,33 4,16 3,57 5,C3 4.27 3,65 3,26

NEAN {_][FF ,8 ,7 ,4 ,4 7,6 7°5 5,7 8,1 4,2 7°8 13,0 10°2 IL,8

RANGE 10,7 7,2 t0.5 11,1 t0,9 10,8 8,c3 8*7 10,3 13.4 12,3 11°3 9°6

SDtN-I 3,2 k, 2*23 3,25 3,35 3,55 3,55 3,29 3°16 3*25 4°36 4°_6 3,09 2°_2



FISHKEN EXP 1 AT 4Q DB SPL NBS ÷ STATS 3-7-77

NO. O-A A B C DI D2 E_ HK6 MK7 PNL PNLC ZHCKFF ZNCKOF L

1 40ol 39,8 39,6 39,7 46,2 48,1 45,9 52,5 46,9 51.7 56,1 56.2 56.7 _7

2 40.6 ;38.5 40.3 40,5 4L_,6 44,6 43,,2 46.9 44,0 4Z,4 54,i] 52,5 5_.2 _,3

3 40.9 37.8 40.6 40.9 41.4 41.6 41.4 45.1 40.1 43.9 50.6 46._ ',7.1 41

4 39*8 40.2 39,4 39,4 48.1 48,1 45.8 52,3 46,7 51.6 54,9 56,0 b6°7 47

5 39.8 40,0 39,7 39.7 44.3 44.3 42.7 SOo(_ 43,5 46,6 53.0 52.2 53,3 45

6 40,,4 41, t 39,8 39,7 50*4 50*3 46,0 54,7 48,3 54,4 57,7 56,1 56*5 41

7 40,_ 41°1 39°8 39,7 50.4 50.3 46,0 54°7 48,3 54°4 57°;' 56.1 5b._ 46

8 41,5 42,4 40.8 40,Z 52.3 52.2 49.9 54.8 47.7 55.1 60.3 53.6 53.5 45

9 41,,9 42°9 41,2 41°1 52oCJ 52.8 50.5 53,0 45°4 53.8 60°5 49°8 49,1 43

10 39,, 8t 40,2 39,4 39.4 48.1 48.1 45,8 52°3 46°7 51,6 54.9 56°0 56°7 45

11 39.8 40,0 39.7 39.7 44.3 44.3 42,7 50.0 4_,5 46.6 53,G 52.2 53.3 44

t2 39,9 39.9 39,9 39.9 40.6 40,8 40.4 46.7 39._ 43.1 49°7 45.5 47,5 4i]

/'lEAN LEVEL 40.4 40,3 40,0 40.0 47,,2 _7.1 45.4 51,2 45.0 50.1] 55,2 52.7 53,4

RANGE 2,1 5,1 1.8 1o7 .12.1 IZ,O 10,,1 9.7 8,9 12°_ II].S _0.7 9.6

SO,N-1 ,69 1°42 °58 ,,59 4.05 3,99 3.33 3,17 3°02 4°28 3,43 3,84 3.63

MEAN DIFF -4.0 -4,1 °4,4 -4,4 2.8 2.7 .9 6°8 ,6 5.6 10.6 8,3 8°9

RANGE 7.9 ?'°5 8°8 8,3 10,i] 9°9 9,Z 8,8 8,2 11,2 9,6 9°3 9°4

SDIN-I 2.70 2.47 2,75 2.?'9 3,,48 3.44 .3,13 2°54 2.24 3.52 3.18 2.51 2°44



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

NO= O-A A B C D1 02 Et HK6 HK? PNL PNLC ZWCKFF ZNCKOE

1 50.1 49.8 49,6 49.7 58.2 58,1 55.9 62.8 56.3 62.4 66,,8 67.3 67,9 5

2 50.6 48,5 50,3 50.5 54,6 54,6 53.2 59.9 53,5 5d.5 65,1 64.0 6_.7 5

3 50.9 47,8 50.6 50.9 51,4 51.6 51._ 56,5 49.8 55.3 62,0 58.1 59.; 5

4 49.8 50.2 h9.4 49*4 58.1 56,1 55°8 62°7 56*I 62.3 65°7 67°1 67°6 5

5 49,8 50,0 45*7 49,7 54,3 54.3 52,7 60,7 53,1 57.9 64.2 63.7: 64,8 51

6 56._ 51,1 49.8 _9.7 60.4 60.3 58.0 64.7 57,3 65,0 66".3 67,3 67.6 9_

7 50,4 51.1 _9.8 49.7 60°4 60.3 58.0 64,7 57.3 65.0 68.3 67.3 67.6 5 c

8 51=5 52._ 50,6 50°7 62.3 62*2 59*9 64.9 56,7 65=7 70.9 65.Q 65°_ 5_

9 51.9 52.9 51.2 51.1 62.9 62,8 6r,5 62.9 55.0 6_.5 71,2 61.2 6E.6 55

10 49°8 50,2 49,4 49.4 58°1 58.1 55,8 62.7 56,1 62,3 65,7 67.1 67.8 58

tl 49°8 50.0 49,7 49,7 54,3 54,3 52,7 66,7 53,1 57,9 6h, Z 63,7 64,8 56

12 49,9 49,9 49,9 49.9 56,8 50.8 50.4 57*7 49,2 54,6 61°2 57.5 59.3 50

e_ NEAN LEVEL 50*** 50.3 50.0 50°0 57°2 57,1 55°4 6l,7 54.5 60.9 65.1 64°1 64°7

RANGE 2.1 5°1 1°8 1°7 12°1 12.0 10.1 5°4 _°1 11.1 10°G 9°8 8,,9

SDtN'I *69 1,h2 ,58 ,60 4.05 3.99 3.33 2,73 2,76 3.95 3°14 3.54 3.39

NEAN OZFF "6.0 -6.1 -6.4 -6.4 .8 .? -1,0 5.3 -1,9 ;.5 9.7 7.7 6,3

RANGE 9.2 8,8 9,6 9.6 10.1 10,0 9,I 8°6 7.6 10,_ 9.5 9.3 9.G

SD,N-I 2Q89 2,90 2,96 2Q97 3°58 3.5_ 3*25 2°50 2,11 3°35 3°13 2.26 2.31

I



FISHKEN EXP t AT 60 OB SPL NBS • ST_TS 3-7-77

NOI O-A A 9 C 01 02 E_ HK6 HK7 PNL PNLC ZHCKFF ZHCKOF LL

1 60,1 59.8 59.6 59.7 60.2 68.1 65,9 72.0 65.0 72.6 77.C 77,3 77.U 66,(

60,6 58.5 60,3 60,5 64.6 64.6 63.2 69.3 62.3 68.9 75.5 74,4 75.0 67._

3 60.9 57.8 60.6 60.9 61.4 61.6 61,4 66.3 58,0 65,9 72.6 69.1 69.8 63.(

4 59,8 60,2 59.4 59.4 68.1 68,1 65,8 72.0 64°9 72.6 75.9 77.1 77.7 69.;

5 59.8 60.0 99.7 99.7 64.3 64.3 62,7 70.1 61,9 58.3 74.6 74.G 75.z 65._

6 60.k 61,1 59=0 59.7 70°4 70.3 68,0 74.0 66.1 75.2 78,5 77.2 77,6 64.E

7 60.4 6t.1 59,6 59.7 70,4 70.3 68,0 74,0 66.1 75.2 78.5 77.2 77.6 68.4

61,$ 62,4 60,8 60,7 72°3 72.2 69,9 74.1 65,9 76.0 81.1 75,4 75_2 67.5

9 6t.9 62.9 61.2 61.1 72.9 72,8 70,5 72.3 64.4 74,8 81.5 72,1 71°5 65.2

10 59,6 60,2 59,4 59,_ 68.1 60.1 65,8 72.G 64°9 72,6 75.9 77,1 77.7 7C.0

11 59,8 60.0 59.7 59.7 64.3 64.3 62.7 70.1 61.9 68,3 74,6 74,0 75,1 66,8

12 59.9 59,9 59,9 59.9 60,8 60.8 60,4 67.5 58.2 65.2 71.8 68.5 70._ 62,2

NEAN LEVEL 60,4 60,3 60,0 60.0 67.2 67.1 65.4 71.1 63.3 71,3 76.5 74._ 75.0

• RANGE 2.1 5,1 1,8 1.7 12,1 12.0 10._ 7.6 7.9 10.8 9.7 8.8 8.C

SD1N-I .69 1._2 .98 ,60 4.05 3.99 3.33 2.5_ 2.74 3.62 3,02 3.13 2.99

NEAN DIFF -6,1 -6.2 -6.5 °6.5 .7 ,6 -1.1 4.6 -3,1 4.8 10.C 6.0 _,5

RANGE 8_1 7.5 8.3 8,5 10.4 10.3 9°5 7.4 6.6 9.1 10.4 6°5 6.7

SO_N-I 2.63 2=56 2o66 2.71 3.56 3.52 3,19 2.21 1*99 3.22 3._8 1.79 1.72



FISHKEN EXPI AT 70 OB SPL NB$ $ STATS 3m7--77

NO, n-A A B C Dl D2 E_ HK6 HK7 PNL PNLC ZWCKFF ZHCKbF LL

1 70,1 69,8 69,6 69,7 78,2 78,1 75,9 81,1 73.6 82.7 87,1 66.6 o7.1 76.

2 70.6 68,5 70,3 70,5 74.6 74.6 73,2 70.4 71,0 79.0 _5.7 83,9 e_.5 76.

3 70.9 67.8 70,6 70.9 71,4 71,6 71,4 75.4 67.9 76,1 82.8 79.1 79.6 72.

6%8 70.2 69,4 69.4 78.1 70,1 75,8 81.0 73.5 82.7 86._ 86.4 BT.Z 77.q

5 69.8 70,0 69,7 69.7 74.3 ?4.3 72,7 79,1 70.6 78,4 84.8 8_.6 84°0 75.

6 70.4 71,1 69.8 69.7 80,4 80.3 78,0 62,9 74.9 85,2 B8,6 86.6 86.9 ?3,;

7 70,4 71,1 69.8 69.7 80.W 80,3 78.0 02.9 74.9 85,2 88,6 86,6 66,9 77,J

8 71,5 72,4 70,8 70,7 82°3 82,2 79,9 83,1 75.3 86,0 91,2 85,3 85,& 76,;

9 71,9 72.9 71,2 71.1 82,9 82.8 80,5 81,5 74°0 84.9 91,6 82,2 8L,7 74.;

10 69,8 ?0o2 69.4 69,4 78.1 78,1 75.8 81.0 73.5 82,7 86.0 86,4 87.1 81.;

11 69,8 70,0 69,? 69,7 74,3 74,3 72.7 79,1 70,6 78,_ 84,8 83.6 84°6 77._

12 69,9 69.9 69,9 69.9 70,8 70.8 70°4 76,5 67,3 75,4 82.1 78,6 66.1 73.i

HEAN LEVEL 70,4 70.3 70*0 70.0 77,2 77.1 ?5*4 80.2 72,2 81.4 86,6 84°1 84,6
RANGE 2.1 9.1 1.8 1.7 12,1 12.0 I0,_ 7°7 8.0 10.6 9.9 8,; 7,3

SDgN-I ,69 1.42 ,56 °60 4.09 3,99 3,33 2,51 2°73 3,76 2,97 2°66 2.71

_EAN QZFF -5,7 -5,8 "6,1 "6.t 1.1 1.0 ".? 4.1 "3.6 5,3 10,5 8._ 8,5

RANGE 10,2 9.7 10,3 10.6 12,2 12,1 11*7 9.9 9,_ 11.4 12,6 8°6 7,8

S01N'I 2185 2,76 2=85 2,_8 4o15 4.12 3,76 2,74 2.83 3°01 3=61 2,32 2o14



FXSHKEN EXP t AT 80 OB SPL NBS • STATS 3-7-77

NO, O-A A B C 81 02 E¢ HK6 MK7 PNL PNLC ZWCKFF ZHCKDF Lt

1 80,1 79.8 79.6 79.7 88,2 88.1 85,9 9;.0 82.6 92,8 97.2 95.6 96.1 87,

2 80.6 78.5 80.3 80.5 84.6 8_.6 83,2 87,2 80.Z 89,1 95.7 93.0 93,6 86.

3 80,9 77.8 80.6 80.9 81.4 81.6 81,4 84.4 77,3 86.2 92.9 88.5 89.1 82,

4 79,8 88.2 79.4 79,4 88.1 88.1 85,8 89.9 82.5 92.7 96.8 95,4 9b,Z '87,

5 79,8 80,0 79,7 79.7 84.3 8_,3 82,7 88.1 79°6 88,5 94,d 92.7 93.8 89,

6 80,4 81.1 79,8 79.7 90.4 90,3 88,0 92.1 8_.7 95,3 98.6 95.6 95.9 82.

7 80.4 81.1 79.8 79.7 90.4 90,3 88,0 92.1 84.7 99.3 98.6 95.6 95.9 87.

8 81.5 82,_ 80.8 80.7 92.3 92,2 89,9 92.6 85,2 96.0 Z01.2 94°5 9_.Z 87.

9 81,9 82,9 81.2 81.1 92,9 92,8 96.5 91.3 B_.O 94,9 101.E 91,6 91*1 83,

10 79.8 80,2 79.4 79,4 88.1 88,1 85,8 89.9 82.5 92.7 96._ 95,4 9b,_ 91,1

11 79.8 80_0 79.7 79.7 84.3 84,3 82.7 88,1 79;6 88.5 94.8 92.7 93.8 88.;

• 12 ?9.9 79,9 79,9 79.9 80,8 80,8 80,_ 85.6 76.6 89.5 92,1 88.0 89.0 85,_

MEAN LEVEL 80,k 80.3 80,0 80°0 87.2 87,1 85.4 89,3 81.6 91.5 96.6 93.2 93.7

_ANGE 2.1 5.1 1.8 1.7 12.1 12,0 10.1 8.2 8,6 lg,5 9.5 7,6 • 7.0

SOtN°I ,69 1.42 ,58 .60 4.0_ 3.99 3.33 2.63 2.92 3.73 2.95 2.72 2.55

MEAN 9ZFF "5,0 "5,8 -6.2 -6.1 1,0 1.0 -.8 3,1 "_.6 5.3 1_.5 ?.1 7,6

RANGE t0.5 10,_ 10.5 10.9 13.3 13.2 12,5 11.1 11.1 12.3 13.4 9.9 _.7

SOIN'I 2.96 2,_5 Z.93 Z.96 4,4_ 4.41 _,03 3,18 3,;5 W,08 3.86 2,61 2.3b



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

NO, O-A A B C 81 U2 EX MK6 HK7 PNL PNLG ZWCKFF Z ;_Ci..OF L

1 90,t 89o8 89.6 89.7 98,2 98.1 95,9 99,5 92.6 16_'. 5 I07.2 LC.4,3 1_4.8 "_7

2 90,6 08.5 90,3 90,5 94,6 9#.6 93.2 96,6 90,1 99.1 105.b ICI,9 102.5 95

3 90,9 87,8 90,6 90,9 91.4 91°6 91,4 94,0 87,4 96.2 102,9 97,7 98.5 93

4 89.8 90.2 89,4 89,4 98,1 98.1 95.8 99,5 9;'.5 1_2,7 106.1 1e.4.2 14.*.8 97

5 89,8 90,0 89.7 89.? 94,3 94,3 92.7 97,8 89.5 98.6 104.0 ZCJ:I. 6 132.6 95

6 90.4 91,1 89,8 89,7 100.4 100.3 98.0 I11,9 95,0 1_5,3 108.6 1_4,4 lJ_,b 92

7 90,,4 91.1 89°8 89.7 180.4 100.3 98,0 151,9 95.; 105.3 1G8.E 1;4.4 10_,6 97

8 91,5 92,4 90.8 90,7 102.3 102,2 99,9 I02,9 95,6 106,G 111,2 lr_3,6 1_3o3 98

9 91,9 92°9 91*2 91.1 102,9 102,8 100.6 101o0 94°2 104.9 111,6 1_1.G 10_.. _ 93

10 89,8 90*2 89.4 89.k 98,1 98,1 95.8 99°5 92,5 102,7 186.1 1C4,2 1C4.8 102

11 09,8 90,0 89,7 89,7 9_,3 94,3 92,7 97,6 89.5 98,6 104,9 101,6 102.6 99

12 89,9 89,9 89,9 89,9 90,8 90,8 9(},h 95,4 86,6 95,5 102,2 97.1 96.7 96

I_ NEAN LEVEL 90*4 90,3 90_0 90,0 97,2 97,1 95,4 99°_ 9t,7 I_1.5 106,7 1C2,2 /._,2°7
1"4

o, RANGE 2,,I 5.1 1.8 1,7 12.1 12,0 10,1 8.9 9.3 19,5 11,6 7.3 6.3

SOtN-1 ,69 1,42 ,58 ,60 4,05 3,99 3,33 2,85 3,04 3,71 2,93 2,58 2.3w.

HEAN OZFF -6,,2 -6,2 -6,6 -6.5 ,6 ,6 -1.2 2.5 -4.8 4.9 10.I 5,6 6o1

RANGE 10,,7 11,3 10,5 10,6 14,8 14,7 13,5 12o5 12,7 14.0 14.1 11.5 10,1

SO|N-1 3*20 3elO 3°15 3.18 4,81 4,78 t*,37 3.78 3°98 4,45 4.18 3,09 2,8_



FZSHKEN EXP ZZ SIN'-5 DB NBS + STATS 3-8"77

NO, O'A A B C D1 02 E¢ MK6 HK7 PNL PNLC ZHCKFF ZHCK_F

"1 91,3 91*8 90*8 90.8 99,4 99,6 97,1 101,8 94.3 1_4.7 188.1 1C5=3 lbS.d 9

2 81,0 81,4 88,4 88°4 89,1 89.3 86°9 91.7 83*8 94,3 97,7 96.5 97,1 8

3 70.8 71.2 78.3 70,3 79,0 79°1 76,8 82.7 74.8 83.9 87,3 87.4 68.0 7

4 60.9 61.3 68.4 60,4 69.0 69.1 66.8 73.8 66.4 73.8 77.9 78.2 78.8 6

9 51.0 9t.3 50._ 90.4 99*0 99.1 96.8 b4°5 97.7 63,9 67.3 68.4 69.I 5

6 41.4 _1.7 40.9 40.9 49.3 49.4 47°0 94.7 48°6 53,3 57.6 97°7 95.4 4'

? 32*8 32.3 31°6 31.6 39.8 39.9 37.4 41,9 38.3 41.5 46.2 _9,3 49.9 2 _

NEAN LEVEL 61,2 6166 60,7 60,7 69,2 69,4 67,0 73,0 66°3 73.6 77,_ 77,8 77°6

RANGE 99.3 99,5 99.2 59.2 99,6 59,7 95.7 59;9 96.0 63°2 61.9 60.8 59.9

$OtN-I 21,35 21._3 2t.33 21,32 21.9G 21.58 21o90 21°82 19,71 22.53 22°06 21.37 21.33

NEAN BIFF -9,4 °5,0 -9,9 -5.9 2.6 2.8 .4 6,4 -,3 7.0 18.8 10°4 11.G

._ RANGE 11,6 t1°9 11°8 11,8 11,3 11,2 11,1 10,9 19°1 7.8 9,1 10°8 10,9
SO�N-1 4*26 4°19 4.28 4.29 4,09 4.09 4,06 4*22 5,66 2,9g 3.39 3,82 3,86



FISHKEN EXP 'rI S/N = 5 DB NBS ÷ STATS 3-8-77

NO, O-A A B C 01 02 E;¢ MK6 HK7 PNL PNLC ZWCKFF ZHLKDF

8 ,92,8 93.4 92.6 92,6 100.2 100,3 -.36.9 102.3 9v,,5 105,4 111,9 1;4.0 1,_ 4.'_ 95,

9 82,1 82.5 81,9 81,9 69,3 89,4 86.2 91.8 83,6 94.7 101o2 94,9 9_._* 65,

t0 7t,,7 72,0 71,4 71.4 78.8 78.9 75,8 62,2 73,7 8_,2 90.7 95.7 66.2 75.

t'1 61.9' 62.1 61.6 61.6 68.6 69.0 65,9 ?3.3 65,0 74.'i 8C.7 76.3 7E.9 6_.

12 52.1 52.2 51,8 51,9 98.9 59.0 59.9 64.1 56,3 63.8 70,4 66.4 66.9 54,

13 43.2 43.3 42,9 43,0 49,8 90,0 46.8 94.6 _7.9 53,9 60.6 55.9 5_.5 L*2,

t_ 3_./4" 34,6 34,2 34.2 41,1 41.2 38.0 43.3 37,9 _,3,9 50.6 44,3 4L+,7 24,

NEAN LEVEL 62.6 62,9 62.3 62.4 69.6 69.7 66,,5 73.1 65,.5 74.3 80.9 75.4 75.6

RANGE 58,_ 58.8 58,4 58.4 59,1 59.1 58.9 59.0 '_6.6 61,5 61.3 59.7 69.7

SDtN"I 21, O_; 21.23 2t.05 21.03 21,32 21,32 21.26 20.81 19,98 22.08 22,C2 21.35 21.33
I

NEAN OZFF ",6 -.3 ".9 -.8 6.4 6,5 3,3 9.9 2.3 11.1 17.7 12,2 12,6

: ! RANGE 13.7 13.6 13,8 13.8 13.3 13,3 13,2 12.8 15,6 10,7 ln.9 11.6 11,5_,_j
_! SDtN-t 4,9t 4,62 _.92 4.93 4,73 4.73 _.71 4.9_ 5.61 3.8::' 3.85 3.87 3._6
iJU



FISHKEN EXP 17 S/N= +t50B NBS + STATS 3-8-77

NO, O-A A B C 01 D2 E_ NK6 HK7 PNL PNLC ZHCKFF Z_CKDF LL

t5 93.4 9_,0 93.3 93.2 100.5 100,7 96,9 100.9 92.7 105,9 110.6 101,5 1_1,7 93.

16 82+6 83.1 82°5 82+5 89,5 89.6 86.0 _9*9 81.7 93ol 99,8 92,1 92°_ 8_.

17 72,1 72.5 71.9 72,0 78.9 79.0 75.4 80,0 71.5 82.5 69.2 82.5 82,9 7_.

18 62.3 62.6 82,2 62,2 68.9 69.0 65,5 71,1 62.5 72.4 79.1 73.0 73.3 62.

19 52.6 52*7 52,4 52.5 59.0 59.1 55+7 51,6 53.6 62.1 68.7 62.6 63.1 50,!

20 43,,6 43.9 43.6 43°7 50,2 50.3 46.8 52°4 _4.9 52°5 59°1 52.6 52.8 38._

2t 35.2 35.3 35*0 35.0 41+6 41.7 36.2 42.7 34,6 42.8 49°5 _2°0 42.1 25.(

REAN LEVEL 63.1 63,4 63.0 63,0 69*8 69.9 66.4 ?1.2 63.1 72.6 79,4 72,3 72.6

RANGE 5_.2 58*7 98,3 58*2 58*9 59*0 58.? 58.2 58.1 61.1 61,1 59.5 59,6

SO,N'I 20,,99 21.19 21.00 20°98 21,28 21.27 21o16 2r1.69 20.5.4 22.00 22J0_ 21.43 21._5

NEAN 'OZFF 1,9 2.2 t,7 1,7 8.5 8.7 5.1 10.0 1.8 11,5 16.2 11,1 71.4

RANGE 12,,6 12+3 12,6 12,5 12,2 12,2 12.3 12.2 12.6 9,8 9,,8 9,0 d,9

; SD.N'I 4.47 _.35 4.46 4.48 4.29 4.29 4.34 _.52 4.76 3.40 3.4_ 3.51 3.45



Evaluation of Data on Subjective Effects of Noise

B. Scharf, R. Hellman, J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s):Hillquis_,R.

Title: Objective and subjective measurement of truck noise

Reference: ,;. Sound and Vibration, 1967, !, 8-14.

STIMULI

Number sad type of noises: I00 trucks

Levels: 80 - 105 dg SPL overall

Mode of presentation: Free Field

Analysis: One octsve

JUDGMENTS

Attribute Judged: Preference

Psychophyslcal procedure: Ranking in order of decreasing preference from
I - I00 and paired comparisons

Number of observers: 20

OTHER

Special features: Energy concentrated below lO00 Hz,

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

A-20

i



HILQUI_TTRUCK NOISES 1-25 NBS+STATS 3-2-77

NO, O-A A B C 01 02 E¢ NK6 NK7 PNL PNLC ZWKFF ZHKOF

1 80,8 74._ 78.0 80.5 78.8 78.1 77,5 85.2 77.6 85,5 87,1 91,6 92,5

2 80.4 76.2 70,7 80.2 80,2 79.8 78,8 88.6 78.5 86,9 88,5 92,6 93,5

3 86-0 76.2 82.4 85.8 82,3 80.7 81,0 88,2 8_=2 89,0 96.6 94.0 94,8

& 82.7 77,5 80,9 87*9 81.5 81,1 80.7 87,5 79,8 88,0 89.9 93.7 94.6

5 86*3 77.7 83.4 86.1 83.4 82.0 82.3 80,6 81.1 89,8 91.3 94,7 95,5

6 84.0 75,9 81.5 83.8 81.6 80.4 80.6 87.3 79,6 88.2 89.6 93,_ 93.b

7 85,,6 75.9 81.5 85.2 81,4 50.1 80,,4 87,4 79.8 88,1 89.5 93,8 94.7

8 85.9 78.5 82,7 85.6 83.2 82,3 82.0 89,0 81.4 89,5 91,4 95.6 96._

9 90,3 77.5 85.9 90,0 89.2 83.0 83,7 90,5 88._ 91.8 93.4 96.3 97,_

10 85.9 78.2 82*5 85.3 83.4 B2.E 81.9 88,9 81.4 90.4 92,1 95,6 96,3

il 92*3 78.1 88.2 92.0 87,1 84.2 8_,9 91,0 82,9 92,4 93,8 95,8 96.q

12 85.7 79,0 83,,3 85.6 83.6 82.7 82.6 811 81,5 89.8 91,2 95.2 96.1

13 8/+.4 79*6 82.9 84.4 84*0 83.5 82.9 89.5 81,9 9_.6 92.4 95*8 96.6

t4 90*4 78*t 86*5 90.2 85.8 83,5 84,4 90.9 83.0 92,3 93.6 96,0 96.7

15 88.0 80.4 89.7 87.9 85,6 84.5 84.8 90,3 83.Z 91,9 93.3 96.1 96,9

%6 86.7 79.2 83.7 86.4 84.2 83,k 83.1 89,7 82.2 90.8 92,_ 96.3 97.1

17 83*9 79,5 82,_. 83,8 83,7 83,3 82,5 89.4 81,6 90,5 92.0 95,7 96o_

18 90.9 80.5 87.0 90,3 86.6 89.0 85.4 91.7 84* '1 93.2 94.8 97.6 98.3

19 86.5 80.6 84.,3 86°4 85,5 84..8 84,8 98,7 83,1 92,4 94°0 97°1 97,9

20 87o9 78,4 84*0 87,6 83,9 82,6 82.7 89,7 81.8 90.8 92,3 96,2 96.9

;'t 89,1 81,6 86°4 88,9 86,9 85,6 85°6 91,6 84.1 92.5 94,5 58,8 98.7

22 09,8 01,7 86,4 89,5 86,6 85,7 85.6 91,7 84,5 93,4 95.1 98,4. 9_J,3

23 93,9 80,0 89,9 93',7 88..9 56*1 87.4 92,9 85,1 94,6 95,9 97.3 97.8

2 _, 90°7 80°8 87,3 90,5 87,0 85.4 85,8 92,1 84,5 93.7 95,Z 97,8 98,5

_¢ _q.3 82.0 86.6 89,1 86,7 85°8 89.7 91,6 84,2 93.1 94,8 96.1 98.9



HZLQUISTTRUCK NOISES 1-25 NBS+STATS 3-2-77

NO, O-A A B C O1 02 E_ HK6 NK? PNL PNLC Z_KFF ZWKD

MEAN LEVEL 87,1 78,7 8_,1 86,8 84.3 83,0 83.1 89.5 82.0 90,8 9Z.3 95.7 94,

RANGE 13.5 8,0 11,9 13,5 10,1 8.0 9.9 7,7 7,5 9,1 8,8 6,8 6,

SO_N-I 3._0 2,06 2,89 3,39 2,_4 2*13 E,_O 1,90 1.95 2,30 2,3Q 1,80 1,

t_
P_



HIL_UZST TRUCK NOZSE9 26-50 NBStSTATS 3-2-77

NO, O-A A B C Ol 02 E¢ HK6 HK7 PNL PNLC ZHKFF ZHKDF

85.1 81,2 83,5 84,9 84.9 84°6 83,7 95,8 82.5 91,6 93,3 96.9 97,8

2 92,2 . 8t°I 88+5 92,0 87,9 85°9 86,5 92,9 85,2 94,5 96,0 98,8 99._

3 87°2 81.4 85,2 87.0 85.8 89,2 84°9 91,1 83°7 92.3 94*3 97.7 98°4

4 92,6 85+5 90.0 92,h 90.1 89,h 89,5 95°0 87°7 96,7 98,5 100o9 _01,7

5 95*2 84,3 91,fl 95,0 9t.t 89.2 90°1 95,2 88,0 97°2 98,8 166°1 100.8

6 88,2 82=1 85°8 88°0 86.3 85,7 85°4 91,7 84°2 93°0 94,6 98.2 99,1

7 94+1 8k+4 91ol 93°9 _0°5 88.9 89.6 94°6 87°5 96.6 98,1 99.8 10_=6

8 88,9 82,6 87*0 88°7 87.5 86*6 86,6 92°5 85°3 94°4 96,6 98,8 99°6

9 86.5 79.4 84°0 86°3 84o7 83°9 83°5 90,2 82,9 91.5 93,2 96.9 97.6

10 97.8 83,6 93,T 97,6 92o_ 89,7 91,1 95,9 88,4 97°9 99°3 100o0 100,5

1_ 88°4 8¢°0 86+2 88,3 86°5 85°4 85°5 91+2 84,1 93*0 94,5 97°0 97°8

12 92°5 80°0 88°6 92,3 88.0 85°7 86°4 93°0 85,1 94°6 96°3 98,3 98,9

13 89*0 83,5 87,2 88+9 87°9 87°4 86,9 92°6 85°4 94,3 96,3 99,_ 99°8

t4 94*5 81°6 90.6 94,3 89°8 87.3 88,3 94,0 86°4 95°9 97,8 98°9 99°5

¢5 88,6 82*5 86.6 88,5 87.0 86.5 86.2 92,2 84,9 93.7 95°8 98,3 99.1

16 89,2 81°6 85,5 88,8 86,1 85.4 85,0 91,7 84,0 93,0 94,8 96,5 99,4

17 94,_ 82,0 90.3 94ol 89°6 87.3 88,1 94,5 86°8 _6°3 98°0 IO0_C 100,6

18 93*0 85,9 91,3 92,9 91.4 90.4 90°7 95.6 88,9 98.0 100.0 100,9 101,6

19 92.7 84,2 89,8 92.5 89°6 88°3 88,4 94°3 87°0 96°2 97,9 100.3 101°0

20 97o0 85,7 93°5 96.8 92°8 90.7 91°6 96.7 8_,6 98.9 1DO*9 1C1.2 101,9

21 94*4 84+2 90.7 94.1 90°5 88*8 09°1 95,4 87,9 97,4 99°8 101°9 102°1

22 94.8 85.3 91,5 94.5 91,2 89,7 90°0 95.8 8d,7 98.0 99°7 101°6 102,3

23 93°0 87°1 91.2 92*8 91°7 91°0 90°9 96,2 09°3 98*5 100.6 102°3 103°1

2& 92*5 80_4 86*5 91,_ 85+9 84.1 8_+6 91°7 03,7 92°9 94*2 98°2 99°1

25 96,4 79*4 88,6 95,6 87.8 84,7 85,7 93.6 85,1 95.0 96,_ 99,_ 100+3



HZLQUI_T TRUCK NOISES 26-50 NBS÷STATS 3-2-77

NO, O-A A B C 01 02 E_ MK6 HK? PNL PNLC ZWKFF ZWKOF

NEAN LEVEL 91,9 82.8 88,7 91,7 88,7 87°3 87,5 93,5 86.1 95°3 97.0 99.3 _0,1

RANGE t2,7 7°7 10,2 12o7 8,1 7°1 8.1 6.5 ?.1 7,h 7,4 5.4 5,5

SD_H-t 3,46 2,16 2+88 3,41 .2,45 2°20 2,47 1,91 2.12 2.26 2.30 1.52 1.52

,>
¢,,



HILOUIST TRUCK NOISES 51-75 NBS_-STATS 3-2-77

NO. O-A A B C D1 02 E_ /'tK6 HK7 PNL PNLC ZHKFF ZHKDF

1 99,5 86.2 95,7 99.3 94,7 92,1 93,3 97,9 90,8 100.1 101.9 101.6 1.32. Z

2 98*9 86.5 94.8 98.6 94.0 91.6 92.5 98.3 91.1 100.5 1:12.2 1_3.6 104.3

3 96.6 85.6 91o3 96.0 91.2 89.7 89.9 96.1 89.0 98.2 100.0 1C2.7 1G3.5

q. 93.5 87.0 91..1 93.3 91.5 91.1.8 90.7 95.9 89.1 98.3 104°1 142.3 103.1

S 95o2 87,S 93*1 95,1 93'``2 92,1 92,4 97,5 91,1 10C,2 1.12.7 I43ol i03,8

6 98. t 87.6 94.6 97.9 9h..3 92.4 9_.8 98.5 91.5 100.9 192.8. 143.8 $C_.4

7 93.? 87.9 91.8 93.6 92.7 92.0 91.6 97.0 90.3 99.5 101.6 1(]3. _. lnh.1

8 98=5 89.8 95=8 98.2 95.8 94.6 94.9 99.9 93.6 102.8 104. E 105.1 IQ5.8

9 92,6 89,1 91,3 92,5 93,0 92,9 91,8 97,1 90,9 9-3.7 101,7 1G3*4 1(_4°i

10 96.? 85*1 91*6 96.1 91=2 89°6 90.2 95.? 88.8 98*1 99*5 1CE.G 102.9

11 92..8 88..5 91.1 92.6 92.7 92*5 91.4 96.7 89.5 99._ 101.5 143.3 10L..8

12 95.6 50.3 9k..3 95.5 9=_.6 94.0 9/*.0 98.2 9L.7 ;LOO.8 102.7 13_.. 0 1; L_. :J

t3 97*k 86.5 93.q. 97.1 93.;:' 91.=* 91.6 97.9 90.7 100.2 102.1 103.6 t0_.2
it, 97.5 85.h. 92'.1 96.9 91.9 90.1 90*3 96.9 89.7 99.1 101.1 103=3 104.1

IE; 9?'*5 85,_. 92,q 97',0 92,1 90.3 90,? 96,5 89,7 98,9 10Q.8 1(;2,8 143,6

16 911,3 89,_ 95,7 98,1 =J5,5 .94,1 94,6 99,3 93, 3 102.1 104.1 1114,4 105.1

17' 9q..1 90*2 93.1 9;*0 92.6 98.4 93.1 97.9 91.0 99.8 101.8 1L 3./4 10_..3

16 97,5 90,?' 95,6 97',=* 95,8 9_,8 95,1 99,2 93,1 t42,0 103,8 104,2 135,U

19 96,6 87,7 g3,6 96,4 93,6 92.2 92,6 97,9 91,4 100,5 102,2 1(]3,5 10_,,3

20 98.9 88.8 95.q" 98*7 ' 95.1 93.5 93.8 99.3 9Z.h' 1_1.7 103.8 lrL_*6 lOfi. Z

;_1 96*1 89*6 9q.*3 96.(] 96..7 93.8 93.8 98.8 92o3 181.5 103.5 1,_4o 5 105.2

22 98.0 89.9 95*5 97.8 95.7 9_.5 9_.8 99.8 93°3 102.6 1" _.,, 6 105.2 1C5.9

23 95,3 89,3 93,3 95,2 9_,,0 93,4 93°0 98.2 91,6 100,7 102,7 i _,_',,,5 IE5,2

2k. 99.0 91.2 96.5 98.9 96.?, 95.6 96.0 100°2 94... i t03.0 105.0 10._. 2 106.0

25 96,1 85,6 92.8 95.9 9:=°4 90.7 91°4 96.3 89.5 98'`6 100,,4 lr. 1.8 102.5



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

NO, O-A A B C 01 02 EX HK6 MK7 PNL PNLC ZHKFF ZHKbF

HEAN LEVEL 96,6 86,0 93.6 96,3 93+7 92,5 92.? 97,9 91.1 150,_ 102.3 1_3,6 1G_,3

RANGE 6,9 6,1 5,7 6,8 5,5 6,0 6.1 _.5 5,3 4,9 5,5 5.2 b,_

SO+N-1 2.01 1,87 1.7_ 1_99 1.55 1,69 t,7Q 1.31 1,53 1,45 1J52 1.Q1 1,_1

/



TRUCK NOISES ?6-10ONBSeSTATS 3-2-77

NO. O-A A B C Dl 82 E¢ HK6 HK7 PNL PNLC ZWKFF ZWKDF

1 99.9 88,5 93,3 95,7 93,5 92,6 92,7 98.0 91,4 100.6 102.2 103,9 10_.7

2 98,2 90,7 96,0 98.0 96,0 99.0 95._ 1C0,0 93.7 !0-2.8 104,5 1C5,1 1_6,;

3 97,0 89,4 93.8 96,8 94,2 93°2 92.9 9_.9 91,7 101,1 103,0 105,2 186,0

4 95.8 ' 88,4 92.5 95,5 93.6 92.8 92.0 98.1 _0,9 101.0 Z03,1 194.6 195,3

5 100.6 93,1 99.2 100.6 99*2 97,9 98,6 101.7 15,J_ 184,6 106.5 195.1 1C5._

6 96,3 90,4 9_,0 96.1 95*0 94,5 93,9 98,8 9_,, 191.5 ¢03,9 1C5,3 156,0

7 98,5 92,2 96,5 96.3 96,7 96.2 96,1 10t.1 9_._ 103,3 105,4 1C6.? 187.1

8 102.1 93*9 100,2 102,0 99,9 98,6 99,3 103,3 97.3 106,2 107.9 I97.8 157o8

9 101.9 92.5 99.4 101.8 99,0 97,4 98.2 101.8 95*8 1C4.6 i06,3 1_5,6 106,4

10 99.8 92._ 97*7 99°7 97,6 96.6 96.9 100.6 94.8 183,6 105°4 105.9 1_6,6

11 96.4 89,9 93s2 96,0 95,3 94.8 93.5 99,3 92.3 102,7 10_°8 1_6,0 106,7

12 96.3 92.3 94,8 96.1 96.8 96°6 9_.2 10Q.5 93*6 103o7 105,9 1_6.5 1C?°2

13 100,3 92,6 98o2 100.1 _8o3 97.1 97°6 102=2 96,0 105,1 106,7 137.0 187,8

14 98_9 92*6 97,2 98.8 97.6 96°8 96,8 101.5 95.4 104.4 106,6 156.9 107,6

15 95°6 91,1 93,9 95.k 99,6 95,3 9k°3 99.4 92.5 102.4 104,8 195°9 106.6

16 100_4 92,5 98.3 108,3 98.3 97,1 97.4 108,0 95.9 184.9 107.1 1C6°8 157,5

17 98,6 91.8 96,3 98*h 96,7 95,9 95,8 100.8 94.2 lC3,2 105.4 1_6.5 1_7,3

18 100,6 93.0 98.8 100.5 98.7 97.5 98°i 102°1 96.0 105.0 106,4 106°2 1C7,1

19 102,2 9_,5 100,4 102,2 "180.2 99.0 99,6 103,8 97,8 106,7 108,2 107,7 188.5

20 98.5 94o7 97°4 98o4 98,5 98.1 97,5 1_2°6 95,5 _04,6 106o6 107,8 1_8°6

21 99m8 94°4 98o7 99.7 98,9 98,3 98.5 102o5 96.2 105.1 107,3 1G7°5 1C6.3

22 105.1 97,9 103,8 105.1 103.6 182,4 193°1 106ol 100°6 109°_ 110,9 10819 159,8

23 105.1 98,0 103,8 105ol 103.6 102.5 103.1 106,1 100.5 108.9 110.7 108,8 109.7

24 9%6 94.4 98,5 99,6 98,9 98.k 98.4 1_2,7 96,5 105._ 107o8 107,9 1_8.F

25 99.3 90.3 96,6 99.2 96.3 94.8 95*5 99.9 93,6 102.6 104,k 10_.6 105,5



MILGUIST TRUCK NOISES 76-100NBS÷STATS 3-2-7T

NO, O-A A B C 01 D2 El MK6 HK? PNL PNLC ZHKFF ZHKOF

MEAN LEVEL 99,3 92,5 97°3 . 99°2 97o7 96,8 96,8 101,_ 95,0 _Oh,Z 106ol 106,4 1_7,1

RANGE 9o9 9°6 £1o3 %7 10,1 9°9 11ol 8,1 9.7 9°0 10o9 6°9 9=8

SOtN'I 2,66 2o_3 3,02 2,73 2.,60 2°48 2°86 2°13 2,51 2.16 2oll _o29 1°3



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

SOURCE Author(s) : Jahn, M.

#L

Title: Subjektlve und objek_ive berwer_ung yon Maschtnengerauschen

Reference: Acustica, 1965/1966, !_, 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 octeve

JUDGMENTS

Attribute judged: Loudness

Psychophyslcal procedure: Tracking - the standard sound was 8 noise band
200 Hz wide centered on 1000 llz

_umber of observers: 28 [
F

OT}IER
uu i !

Special features: !

i

Comments: The,stendard sound was varied,

i A-29
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JAHN THIRD OCTAVE NO_SES - NBS • STATS 2-28-7?

NO, O-A A B C D1 DE E¢ MK6 HK7 PNL PNLC ZHCKFF ZHCKLF LL

1 74,4 71°6 73,0 74.2 79,3 79,0 76,_ 84°2 76,7 85,6 87,3 89,7 9G.3 85,

2 74,2 73,7 74,0 74,1 79,1 79,1 76,8 84,1 76,7 85,5 86,5 59,8 9_,b 83,

3 73,8 73,5 73,0 73,3 81,0 81o0 78,8 85,9 77,9 86.7 87,7 90,8 91,5 85°

4 74,2 71,9 73,6 74,2 78,0 77°8 75,7 83,4 76,0 84,7 85,7 Bg,0 09,7 84,

5 7_,3 70,7 72,9 74,1 77,8 77,4 75,3 83,1 75,5 84,1 85,7 88.8 89,4 84.

6 P4.2 74,3 73,7 73,8 81,9 81°8 79,3 85,8 78,2 87,8 87,8. qG,9 91,6 85°

7 74.0 71,4 73.1 73.9 78.9 78.5 75.8 83.3 75.2 85.3 88.5 88.0 88._ 83.

8 74,4 69,8 73,3 74,4 75,4 74,9 73.8 BO,8 74,2 81.6 88,2 87,1 87,7 81,

9 73,2 72,6 72,9 73,1 78,5 78,_ 7S,d 83,3 75,8 84,7 8_.7 98,8 8g°5 84.!

10 7_,0 73,4 73,5 73,9 80,2 80.1 77.2 84.9 77,0 86,6 88,9 90,1 9_.6 85.!

MEAN LEVEL 74,1 72,3 73,3 73°9 79,0 78°8 76,5 83,9 ?6,3 85,2 86,5 89,3 89,9

• RANGE 1,2 4.5 1,1 1,3 6,5 6.9 5.5 5.1 4,0 6.0 6,7 3.6 3.9

SD,N-1 *36 1._7 ,38 .42 1,83 1,94 1,63 1.48 1°23 1.66 2.80 1.21 1.25

MEAN D_FF "10,1 "1t,9 -10,8 "10,3 -5,1 "5,3 -7,7 -,3 -7,8 1,1 2,3 5.1 5,_

RANGE _.'2 4.6 4.3 4,6 3.4 3.9 3.4 2.4 2.5 2.5 4.8 2._ 2.6

SD,N-1 1,33 1,30 1,32 .1._3 1.22 1,31 1*22 .92 ,89 1,0_ 1,51 ,84 ,93

I

q



Evaluatloa of Data on Subjective Effects of Noise
B. Scharf, R. [{eilman, J. Bauer
EPA Contract WA 76-E213

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

Title: Scaling human reactions to the sound from aircraft.

Reference: J. Acnust. goc. Amer., [959, 3._[, 1415-1429.

STIMULI

Number and type of noises: Eight aircraft noises. Judged in various combinations,

Levels: EXP. I - 85-96 dB SPL overal[; EXP. II - 80-95 dB S_, overall;
EXP. lie - 85-103 dB SPL overall

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

Analysis: one octave (frequencies sdJusaed)

J,_HENTS

Attribute Judged: Acceptability and disturbance

, Paychophysical procedure: adjustment and paired comparisons

,i
Number of observers: EXP. I - 36; EXP. II - lO0; EXP. Ill - 4-13

L,

OTHER

_/ Special feat:urea :
F:
_a

• Cgmmeats: EXP..l'used four "indoor" filtered s_rcrefc noises,
':' 'EXP. II used seven "indoor" filtered aircraft noises,

_:_ EXP. III used six unfiltered aircraft noi_es,

ii A-31
-j
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KRYTER EXPER1 NBS+STATS 3-3-77

NO. O-A A B C D% 02 E_ MK6 MK7 PNL PNLC ZRKFF ZHKDF

_'_,'(_,_, 1 94.0 81,7 89.5 93.6 88.8 86,8 87,7 92,1 85,9 9_.i 99.5 97,5 98,3

_C _ 2 . 96,0 82,8 91.9 95,5 91,1 88.7 89,9 93.2 86,6 95.8 10G.3 97.7 98,3

G_ghV. 3 88,0 82,9 86,1 87,8 86.3 85.9 85o_ ql,3 83.7 92.4 98.7 97.7 98,6

COMET 4 85,0 80.3 83.3 84,8 84.9 84.7 83,6 89,3 82.1 91.4 98,Z 96,7 97,Z

MEAN LEVEL 90*7 81,9 87,7 90,4 87.7 86,5 86,8 91.5 84,3 93.4 99.2 97.4 98,1

RANGE 11,0 2.6 8,6 10.8 6,2 4.8 6,3 3.9 4,9 4._ 2,2 I_C I._

SO,N-1 5.11 1,20 3,77 5.01 2.74 1.67 2.65 1,64 1°91 1.92 °98 .49 ,5_



KRYTER EXPER,2 NBS_STATS '3-3-77

NO, O-A A B C 91 92 E_ HK6 HK7 PNL PNLG ZHKFF Z_KDI

1 94.0 80.1 88,8 93,3 88.1 85.7 85.9 91,0 _3.9 93,3 98,4 96.2 97.1

2 95*1 83_5 92*2 94.9 91.6 89,4 90,b 92,6 56,0 95,3 99,3 96,6 97.;

3 , 86.5 76.9 83.5 86.2 83,1 81,6 82.2 _7,7 8_.2 89.3 95.2 93,6 _4.=

8_=8 ' 76°8 81°7 83.8 81,8 80°9 81,0 85.7 79,5 88,0' 94°7 93,5 94°3

5 79.5 77,7 78°8 79°4 82.5 52.5 80,9 87,6 89,0 89°2 92,5 94°2 94°_

6 80*0 78°0 79°2 79.9 83.2 83°2 81°g 88*2 80*4 90.0 93*3 94,6 95°2

7 79.5 76°5 T8,6 79.4 81.2 81.1 79.7 86.6 79°3 87,6 90.8 93.5 94,2

MEAN LEVEL 85,9 78,5 83.3 85.3 84.5 . 83.5 83.1 88.6 81,3 90.4 94.9 94.6 95.3

RANGE 15.6 7,0 13o6 15,5 10,4 8,5 1G.9 6,8 6.7 ?,7 8.5 3°1 3,0

SOtN-1 6,70 2,53 5,34 6,55 3,84 3°08 4°94 2*29 2°59 2.85 3.08 1°31 1,2

I,,w



KRYTER EXPER 3 NBSeSTATS 3-11-77

NO, O-A A B C 01 02 E¢ HK6 HK7 PNL PNLC ZHKFF ZWKOF

1 100,0 91,,9 97,6 99,9 97,6 96,5 96,8 101,7 95,5 104.5 107,9 lC7,1 107.9

2 103.0 92.4 100,3 1Q2,9 99,7 97,7 98.8 102,5 96.3 105.3 107,7 1C6,: _ 187.0

3 93,0 88*2 91,0 92°8 92,8 92,6 91,3 97,3 90*0 100,2 103,2 103,5 10h,1

t+ fig, 0 87,3 88,3 88,9 9_.,9 92,0 89,9 95,8 88,3 98,6 1.01,8 1.J2,3 1C2°o

5 85.0 84.9 8_,.6 84,7 91.9 91,8 89.4 94.7 87.4 97,_ I00.7 100.5 101.2

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 1_2°7

NEAN LE_/EL 93.0 88.5 91,5 92.8 9h*3 93°7 92,6 97°9 91.0 10Go7 103.8 103.6 10 L_*3

RANGE 18,,0 7°5 15,,T 18.Z 8.1 6.1 9.4 7°8 8.9 7.9 7*9 7*1 7.9

SOtN-I 7,13 3,03 6,15 7,16 3,48 '2,69 L_*09 3,39 3,93 3,43 3,22 2,57 2°o4

L_



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

SOURCE Author(s): Kryter, K. D. and 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: EXP.II -nine noises -.several noise bonds that varied
in width and spectral distribution of energy plus

engine and aircraft noises

Levels: 79-92 dB SPi overall

Mode of presentation: Loudspeaker in semi-dlffuse room,

Anelysls: third octave - standard frequencies

JUDGMENTS

Attribute Judged: noisiness (acceptability)

Psychophysicel procedure: adjustment

Number of observers: 13 - 19

OTHER

Speelal features: Duratlon was held constant st 4 secs.

Comments: In 5XP.II an octave band 600-1200 Hz wide was used as s standard.
I[eaee, despite the fact that Os were asked to Judge the nolsiness
of Bounds, it WeB possible to perform a stetlstical analysis in

; tams of both noisiness and loudness.

A-35
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KRYTER+PEARSON 1963 NBS_STATS 3-3-77

NO, O-A A B C 91 02 E_ HK6 HK7 PNL PNLC ZHCKFF ZWCKDF L

I 91,8 81.5 89,8 91,8 89,2 87,1 88.3 90.1 83.5 92,8 95.9 92,2 92.9 9_

2 90,1 89,9 90,I 90.1 90°7 98.8 90,4 93.6 88.3 93,8 95,6 95.9 _7.6 9C

3 78.6 79.6 78,8 77.9 89,5 89,3 86,6 87°2 80,3 90.8 96,8 86,8 88,2 98

4 79, I 78,6 76.8 76,7 86,4 87.1 86.6 89,7 80.7 89,4 96.0 86.5 87.9 98

5 80.6 80,5 80*2 80,3 87,5 87.5 85,3 98,7 83.2 93,0 95,5 96.3 97,G 9_

6 81,5 82,2 80,7 80,6 91,1 91.2 89,2 92,8 88,1 94,8 98,2 90.8 96._ 90

7 82.8 78,7 81,6 82.8 82,7 82.4 81.8 88.i 80,9 89,1 90.9 94.4 99.2 9@

8 87.3 78.7 8_,7 87.1 84.4 82,9 83.5 88.9 81.6 90,7 92,6 94.2 95,_ 9G

9 80.% 79.8 79.3 79.7 87.9 87,7 84.9 91,& 83,4 94,1 95.8 96.0 96,& 9_

MEAN LEVEL 83.5 81,1 82,4 83.0 87.7 87,3 86,3 90,3 82.7 92,1 95.3 93.3 94.1

RANGE 13,2 tl,3 13,3 15.1 8.4 8,8 8.6 6,4 5,0 5,7 7.3 9.8 9.7

SO_N-I 4.95 3.5_ ;.8; 5,h2 2,83 3.06 2.75 2.10 1.87 Z.13 2.19 3,51 3.67

MEAN 9IFF -6,5 -8,9 -7,6 -7,0 -2.3 -2,7 -3,7 ,3 -7.3 2,1 5,3 3,3 4,1

RANGE 13,2 11,3 13,3 15,1 8.,4 8,8 8,6 6,4 5,0 5,7 7,3 9,8 9,7

SDtN-I k*95 3,54 _,8_ 5,_2 2,83 3,06 2,79 2,19 1,87 2.13 2,19 3,51 3,67



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

SOURCE Author(s):Little.J, W.

Title: Human response to Jet engine noises.

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

STIMUli

Number and type of noises: _o jet engine noises,

Levels: 94 and 99 dB SPL overall

Mode of pres_ntntlon: vla loudspeakers in a large demonstration room

Analysis: one octave (non-standard frequencies)

JUDGMENTS
4_

Attribute Judged: annoyance

Psyc|:ophysical procedure: psired comparisons

Number of observers: 65

OTHER
,L

Special features: tone correction procedure proposed

C.omments: Little introduced the i/2A octave-band analysis which revealed the
effect of tone spikes in the 1200-2400 Hz frequency range.

A-37
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LZTTLE JET NOISES NBS÷STAT5 3-3-77

NOJ O-A A B C Dt DE E_ HK6 HK_ PNL PNLG ZHKFF ZNKDF

1 99.2 98,9 98,5 98.9 105,6 105,6 10_.1 108,5 101,9 111,4 114,7 112,6 113,3

E 93,6 93,5 93,0 93.3 99,5 99,6 97°0 102o6 95,I 105.5 108o8 107,4 108o0

HEAN LEVEL 96*4 96°Z 95.8 96*1 102.6 102.6 100.1 105.5 98.5 108,4 111.8 110*0 110,b

RANGE 5,6 5._ 5.9 5,6 6,1 6°0 6°1 8,5 6,8 11,4 14*Z 12.6 13°3

$0_N'I 4103 3.81 3.88 3°97 _o26 4,21 4°35 _,22 4°75 4°16 4°16 3.72 3,71

I

i
i

i

I



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

SQURCE Author(s): LUbcke, E., Mittag, G., end
Port, E.

Title: SubJektive und obJektlve Bewertung van Masch£nengerFuschen.

Reference: Acustlcs, 1964, I._44,105-114.

STIMULI

Number and type of noises: 2i machine noises

i
Levels: 40 end 80 dB SPL overall

Mode of presen_etion: free field (Stuttgart), earphones (Berlin)

Analysis: third octave

3UDGMENTS

Attribute Judged: loudness

Psychophyaical procedure: tracking - I/3 octave bend 900-I050 Hz wide used as
the standard

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

O_}[ER

Special features:

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

A-39



LUBCKE,MITTAGy+PORT 40 09 SPL NtiS +STATS 3-1-77

NO. O-A A 8 C 01 D2 Et MK6 MK7 PNL PNLG ZHCKFF ZWCKUF

1 40.0 38.8 39.7 39.9 43.4 43.5 41.5 48.4 43.4 47.3 47.3 54._ 55.5 B

2 39.5 35.2 38.3 39.4 39.7 39._ 38.6 42.6 33.3 42.8 4(..2 50.6 51.(. 5

3 39.6 4{),0 39.1 39,1 47.3 47.3 4h.7 52.9 46,4 51,1 52.6 56,3 57.2 5

4 40.1 35.1 38.1 39.9 41..8 41.4 39.6 44.4 41.3 45.6 47._ 52.2 53.1 5

5 40,0 37,3 39.2 39.9 41.7 41,5 40,2 47,2 41.4 45,1 46,l 53,0 54.3 5

6 40.0 37..5 ]9.3 39.9 42.1 42.0 4C.6 46.6 4i.9 45.9 ,6.6 53.4 5_.b 5!

? _0.1 31_.B 38.3 40,8 41.0 40,4 39.2 44.C 39,4 43,7 45,8 51.6 52.8 5

8 39.8 37.4 38.6 39.6 4q.5 • _4.4 42.3 _9.5 44.9 49.0 49.6 56.1 56.2 5

9 39.7 36.9 38.6 39.6 41.7 41.6 40.1 47.6 41.8 45.* 46.@ 53.2 54.6 5:

10 40.2 33.7 38.4 40.1 4C.4 39.7 38.9 42.1 39.8 43.h 45.2 5E.4 51.5 5_

11 _ 39,,6 38,,,4 38,6 38.9 44,,9 _4.9 43.2 _2.4 45.7 49,3 50.7 55.6 _6.9 5 c

MEAN LEVEL 39.9 36.8 38.8 39.F /*2.E 42.4 40.8 4T.1 42.3 46.2 u.7.5 5_.3 54.u.

RANGE .7 6.3 1.6 1,2 7.6 7.9 6.1 1(;.8 7.0 8.3 8.4 5.9 5.7

Sn,N-I .23 1.91 .51 .38 2.23 2.4(] 1.92 3.63 2.46 2.65 2.48 1.96 1.9_

°1
MEAN O rFF -1518 -18.8 -16..9 -16.0 -13.0 -13.3 -14.8 -8.6 -13.3 -9.¢t -8.2 -2.4 -1o3

RANGE 6.9 6.0 6.7 ?.5 _.7 5.1 4.4 6.9 6.8 5.6 4.8 4.8 4.?

SOtN-t 2.tk 2.04 2.17 2.31 1.57 1.70 1.52 8.49 1.77 1.77 1.43 1.51 1°46



LUBCKEtHZTTAG + PORT AT 80 OB SPL NBS + STATS 3-2-7Z

NO. O-A A B C 81 D2 E_ HK6 MK7 PNL PNLC ZWCKFF ZHOKDF LI

I 80.0 78.8 79, Z 79.9 83,4 83.5 81,5 88,1 80.7 89,7 89.7 94,2 95.0 _5,

2 7%9 78*5 79,3 79.8 83.8 83,? 81,6 88.7 81.1 90.6 9_.0 94.7 95,5 97,

3 80,1 75°9 79,_ 80,1 81,8 81.3 79,9 86.9 79.3 88,5 90,3 92.8 93.4 93,

4 79.5 75.2 78,3 79,4 79,7 79,4 78.8 86,2 78.5 86.9 87,9 91.8 92.5 93.

5 79.9 74.8 78.8 79,9 79,6 79.0 78.7 85.2 78.0 86.1 87.Z 91.1 91.9 92.

6 79.6 88,0 79.1 79,1 87.3 87,3 84.7 90.4 82.5 92.6 94,8 95,5 96,1 96.

? 80.3 75.6 78.4 80,1 82.0 81.5 79.8 87.2 79.8 88,8 90,3 93.3 94.0 91,

8 80*0 78.9 79.8 79.9 82.1 82.2 80.8 87.9 79.8 88,3 89*6 93.t 9_,6 91.

9 80*0 77=3 79.2 79.9 81,7 81o5 8_,2 87,9 80.0 88.3 89.8 93=4 94.3 9_,

10 flO*O 77.5 79,3 79,9 82.1 82.0 8G.6 87.5 80.1 80.6 89,3 93°7 04.5 93,

11 79,8 78,4 78,9 79,3 85,0 85,0 83.2 91.1 82.3 91.4 92,5 95,7 96,6 98.4

12 88,1 77,2 ?9.3 80.0 82,0 81.9 80,6 87.9 80,6 89,1 9u.4 94.0 94.9 95.!

13 80.t 74.8 78,3 80,0 81,0 80.4 79,2 87. E 79,3 87,9 89,9 92,9 93°? 95,(

1_ 79*6 78,8 79,0 7_,2 85,5 85,5 83,4 90.4 82.4 91.8 92.3 95,7 96.5 97,_

15 79,8 77.4 78,6 79,6 84.6 8_,4 82,3 89,5 81,9 91.4 91.9 95.1 95,8 97,0

16 84,0 83,8 82,8 83.1 92.6 92,9 91,4 96,2 87.8 97.6 98,9 99,5 99.8 98.0

17 79o? 76,9 78.6 79.6 81.7 81.6 80,1 88,6 80,4 88°? 90.1 94.1 95.0 95.5

18 85,2 73,7 78.4 80.1 80.4 79,7 78.9 86,4 79.0 87,9 89,3 92.3 93,0 9_,5

19 80=0 77.4 79,5 80,0 81,3 81,3 80,4 87.2 79,_ 87,7 90,1 93,3 94,2 96,0

20 79,8 78.7 78,9 79.4 85,6 85.7 84.1 91.3 82,7 91.7 95,0 96.0 96,9 9b, O

LEVEL 80°1 77.5 79.2 79,9 83,2 83.0 81.5 88,6 80.8 89°6 91,1 94°1 9_.9

RANGE 4=5 10.1 _.5 _,0 . 13.0 13.9 12,8 11,C 9*8 11.5 11°Z 7°9 7,9

SDtN-I °94 2.23 *97 ,81 3.04 3,23 2.92 2.44 2.18 2,62 2.73 1°78 1.79

OZFF -14.7 "17,3 °15.7 -14o9 "11.7 -11.8 -13.3 -6.2 -1_.0 -5,2 -3.7 ".7 .1

RANGE 7.5 8,6 7*4 7,8 11.3 11.7 11.2 9.0 8.4 9.9 8°8 5,7 5.6

SG_N-1 2._4 2.25 2,08 2.21 2.61 2*75 2,60 2.08 1,95 2,22 2.28 1,59 1,56



LUBCKE ET 8L 15 BERLI_ NOISES (EARPHONES) 80 DB 3-15-77

NO, O-A A B C 01 02 E_ HK6 HK7 PNL PNLC ZWCKFF ZHCKOF L

1 80.0 ?'8.8 79,7 79.9 83.4 83,5 81,5 88.1 80,7 89.7 89.7 9_.2 99.0 91

2 79.9 7_,9 79,3 79.8 83,B 83,7 81.6 88.7 81.1 90,6 93.0 _4. Z 95,5 92

3 80,1 715.9 79.1 80,1 81,8 81,3 79,9 86,9 79,3 88.5 90.3 92.8 93.4 92
4 79,5 7_.2 78.3 79.4 79,7 79.4 78.6 86.2 78.5 86.5 87.9 91.8 92.5 91

/

5 79,9 7_,8 78,8 79.9 79.6 79,0 78,7 89,2 78.0 88,1 87.2 91.% 91.9 92

6 79,6 810,0 79.1 79,1 87,3 87,3 8_,7 90.4 82.5 92.6 9_.8 9b,5 96,1 91

7 88,3 75.6 78.4 80,1 82.0 81,5 79.8 87.2 79,8 88,8 90,3 93,3 94,0 90,

8 80,0 7_.9 79.8 79,9 82.1 82,2 80,8 87.9 79,6 88.3 89,6 93.1 9_,_ 91,
9 80.0 77,3 79.2 79.9 81,7 81,5 80.2 87.9 80,9 88.3 89.8 93.4 9_,3 g4,

10 80.0 77,5 79.3 79.9 82.1 82,0 80,6 87,5 80,1 88.6 89,3 93.7 94.5 95.

11 79,8 7_*_ 78.9 79.3 89.0 85,0 83. Z 91,1 82.3 91,4 92.5 95.7 96.6 94.

12 80,1 7_,2 79.3 80.0 82.0 01,9 80.6 87.9 80.6 89._ 90.4 94._ 94.9 93.

13 80.1 7_.8 78,3 80*0 81.0 80,4 79,Z 87.0 79,3 87.9 89,9 92.9 93,7 93,

1_ 79=8 7_.8 79*0 79,2 85,_ 85.5 83,4 90._ 82,4 91,8 92.3 99,7 96,5 9_*

20 79*8 7_*? 78°9 79,_ 85,6 85.7 84.1 91.3 82,7 91.7 95.0 96,0 96,9 96*

NEAN LEVEL 79*9 7_*4 79,0 79,7 82,8 8Z.7 81,1 88.2 80,5 89,3 90,8 93,9 94,?

RANGE *8 _*Z 1o5 . 1,0 7,7 8,3 &ol 6,1 4,7 6,5 7,8 4,9 5,0

SO_N-1 ,21 1,70 ,45 ,34 2,23 2,39 1,93 1,81 1,47 1.94 2,28 1,47 1,50

HEAN OXFF -12,9 "1_,.4 "13,8 "13,1 "10,0 "10,I "11,7 -4,6 °12,3 -3,5 "2,0 1.1 1,9

RANGE 6,0 _.2 5*9 6.2 8°7 9,3 7°6 6.4 5,9 7*5 9,0 9,4 5,2

SO,N-1 1.66 _.1_ 1°68 1.75 2.38 Z.51 2.05 1.81 1.68 2.13 2.34 1°65 l.b_



Evaluatlou of Data on SubJectlvo Effects of Nolso
B. Scharf, R. IIellman/J. Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Molino, J.

Title: NBS Study

Reference: Unpublished, 1976

Number sz_d type of noises: five noises - octave band at i KIIz, computer

noise, amblenc, Phi and cafeterls noise

Levels: SCa.derd s_Imull seC at 30ASPLs: 50, 60, and 70 dB.

Mode of presentation: Loudspeaker, reverberant room

Analysis: Third octave

q,_C_iENTR
i,
_r

Attribute judged: loudness

Psyehophysieal procedure: tracking

Number" of observers: 7

OTHER
.i

Special features: Small corrections were made to the loudness levels to adjus. _
for the difference beL_aeen the observed matches _nd Lhose of the ideal

uveruge listener,

Cgmments: _no standards used fo_ the analysis: 1) Oetsve-band noise centered
_t 1 KHz

. 2) Phi noise
Loudness levels determined from metches to the octave-held noise, For this

evelu0tlon we assumed that at the same over_ll SPL an octave-band noise is

as'loud as a tone at I000 ;Iz.
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Nt,. ;0 OCTAVE AT 50 OB= NBS+STATS 3-2-77

NO= O'A A 9 C D1 132 Ef HK6 HK7 PNL PNLC ZWCKFF ZNCKDF I

1 58,5 416,@ 52,5 57',7 54,3 53.2 52.3 62,7 55,3 60,5 52.3 69.0 b9,9 51

2 45,3 415,6 43,6 44,7 50,6 50,? 48.9 57,9 51,9 56,1 5_',Z 62.2 63,3 51

3 50,0 510,O 50,0 50,0 51.7 52,0 50,6 57,7 50,9 54,6 54.6 60,0 E,1,4 51

4. k6,3 4)3,7 46,6 48.2 49,3 46.9 47,8 56.4 50.7 54,8 56,0 62,9 63,9 5(

5 k.5 ° 7( 4_,4 44,4 44,9 51,5 51,6 49,6 68,9 52,8 57,4 _B.7 62,6 63,6 5(

HE;AN LEVEL 49,5 hlS,7' u_7,4 49,1 51,5 5/.,3 49.6 58,7 52,3 56,7 57.9 63,4 64,_ I

RANGE 13,2 _,4 8,9 13,0 5.0 4,3 4,5 6.3 4,6 5,9 7,7 9,0 8,5

SD,I_'t 5.43 2.T5 3.76 5.32 1.85 1°59 1.72 2.3g 1°57 2._.1 2.9 u, 3.37 3.2k

t_EAN OZFF -*5 -4.3 -2,6 -,g 1.5 1°3 -,2 8.7 2.3 6.7 7.9 13.4 14o4

RANGE 13,2 _.,4 8,9 13.0 5,0 4,3 4.5 6,3 4,6 5.9 7,7 9°_ d,5

1 SO,N-I 5,_3 2,T5 3,76 5,32 1,85 1,59 1,72 2,39 1.87 2.41 2,94 3,3Z 3,2_



|
NOLZNO OCTAVE AT 60 04 MBStSTATS 3-2-77

NO, O-A B C D1 02 EX HK6 HK7 PNL PNLC ZHCKFF ZHC_OF

1 ,65.0 53._ 59.0 6_.3 60.9 59.8 5_.9 69.5 61.5 67.6 69.5 75,8 7_,7 6_.

2 53,8 52.1 52,1 53,2 59.1 59.2 57,4 66,7 59.8 65.2 66._ 71,5 72._ 66,

3 60,0 60*0 60,0 60.0 61.7 62,0 60,6 67,3 59.5 65°6 65,0 70,2 71,5 6C,

4 55.1' 0,5 53.4 55,0 56.1 55.7 54,6 64,1 57,9 62.3 6_.5 70.3 7£,3 60.

5 51.8 0.9 50.9 51.4 58.0 58,1 56.1 65,7 58.7 64.3 65.6 69.7 7G.6 60.

MEAN LEVEL 57.1 3,_ 55°1 56,8 59,1 58,9 57.5 66,7 59*5 64.9 66.1 71.5 72,5

RANGE 13,2 ).5 9,1 12.9 5,6 _.3 6,0 5.4 3,6 5.3 6,0 6.1 6,1

$OtN-1 5.35 3,88 4.15 5,28 2,2_ 2,28 2.34 1,99 1,35 1,93 2.24 g,5_ 2,42

MEAN CIFF -2,5 5,6 -_.9 -3,E -,5 _1,1 -2,5 6.7 -.5 _.g 6.1 11.5 12,5

RANGE i 13.2 ],5 9°1 12,9 5.6 6,3 6,0 5._ 3.6 5.3 6.5 6.1 6,¢

$OoN-1 5,_5 _.88 4.15 5°28 2.24 2.28 2,34 1.59 1.35 1.93 2,24 2.50 _,42
I



HOL_NO OCTAVE AT 70 OB NBS+STATS 3-2-77

NOo O-A A B C 01 02 E_ HK6 HK7 PHL PNLC ZHCKFF ZHCKDF

t ?4.2 62.6 68.2 73.5 70.1 69.0 68.1 78.0 69.8 77.3 79,2 84,7 85,4 7

2 63,3 61.6 61.6 62,7 66.6 68.? 66,9 75.7 68.0 75.2 76.8 60,8 81,7 7

3 70.0 70.0 70i0 70,0 71,7 72.0 70.6 76.4 68,1 75,2 75.2 79.8 81o0 7

4 62,6 5_,0 60,9 62,5 63.6 63.2 62.1 71,6 64,8 70,1 .71,4 77,9 70,7

5 61,7 (0,_ 60,8 61.3 67,9 68.0 66,0 75.1 67.3 ?_,6 76.0 79.6 8&,3 7

MEAN LEVEL 66. 6Z,6 64,3 66,0 66,4 68,2 66,7 75,4 67,6 74.5 75,7 80.5 81,4

RANGE 12 1_2,0 9.2 12.2 6.1 8.8 8.5 6,4 5°0 7,2 7.8 6.0 6,7

SO,N-I 5,49 _=_B 4,_ 5,_2 3°04 3.15 3,12 2,37 1.82 2,65 z.6_ 2.54 2.48

HEAN DIFF -3,6 -_=_ -5.7 -h.O -1.6 -1,8 -3,3 5.4 -2,4 _,5 5.7 10,5 11.4

RANGE 12,5 t_,8 9,2 12,2 8,1 8,8 8,5 6.4 5,0 7,2 7.8 6.8 6.7

$0',N-1 5,_9 _,46 _,_4 5,_2 3.04 3.15 3.12 2.37 1.82 2,65 2.84 2.54 2.48

mll

/



HOLZNO PHI AT 5B _8 N_S_STAT$ 3-2-77

q,

NO. O-A A 8 G 01 02 E_ HK6 MK7 PNL PNLC ZWCKFF ZWCKDF

1 6_.9 _3,3 58.g 64,2 60.8 59.7 58,8 69.4 51._ 67.5 69,_ 75°7 76.6

2 49,8 _8,1 48.1 49.2 55.1 55,2 53°4 6Z,6 56.2 60.9 62,5 67.2 68,3

3 6Q.O 6;0,0 60.0 60.0 61.7 62,0 60,6 67,3 59.5 65.0 65,C 70.2 71o6
i

55.0 _0*_ F3,3 5_,9 56,0 55.6 54,5 6_.0 57.8 6Z*l 63°4 70,2 71.1

5 5t.1 50.2 50.2 50*? 57.3 57*_ 55,4 65.0 58.1 63.6 64.9 69.0 69.9

MEAN LEVEL 56,2 512._ 54.1 55,8 58.2 58.0 56,5 65.7 B8.6 63.8 65°_ 70.5 7I°5

RANGE 15*Z ii'1,9 ll.g 15.0 6.6 6,8 7.2 6.8 5*2 6,6 6.9 8,6 8.3

SOoN-I 6.31 _°65 5.24 6,29 2,9t 2.85 3.03 2.68 t.97 2.57 2,6W 3.18 3.11

MEAN DZFF "1*8 "5.6 -3.9 -2.2 .2 0,0 "1,5 7.7 ,6 5,8 7.0 12.5 13,5

RANGE 15,1 1_.9 11.9 15o0 6,6 6.B 7.2 6.8 5.2 6,6 6.9 8.5 8.3

SDtN-I 6,31 4.65 5.Z4 6,29 2,91 2,85 3°03 2,68 1.97 2.57 2.6_ 3.1_ 3,11



!
MOLINO PH_ AT 68 DB N_S÷STATS 3-2-77

NO, O-A A B C DI D2 E¢ HK6 HK7 PH_ PNLC ZWCKFF ZHCKDF L

¢ 71,5 49,9 65,5 70.8 67_4 66.3 65,4 75,5 67,4 74.5 76,3 82,1 02.g 6_

2 • 59,6 _8ol 58,1 59,2 65,1 65.2 63.4 72.5 65.0 71.5 73,2 77.5 76.4 60

70,0 _O,O 70,0 70,0 71,7 72.0 70,6 76.4 68,1 75,2 75,2 79.0 81,; 58

4 61o6 r 47,0 59°9 61.5 62.6 62.2 61.1 7G,6 63.9 69.1 70,3 76,9 77._ 6b

5 59°3 518,_ 58,_ 58,9 65,5 65.6 63.6 72.8 65.2 72,1 73,4 77.2 78,1 66

MEAN LEWEL 64,4 610,7 62,4 64.1 66,4 66,2 64.8 73.6 65,9 72.5 73°7 7_°7 79,6

RANGE 12,2 ll_*O 11,9 /1,9 9,1 9.0 9.5 5.8 4,2 6ol 6,0 5°2 5,I.

SDtN'I 5°06 _,32 5,19 5.06 3,38 3.55 3.58 2°35 1,76 2.46 2,29 2,23 2._b

NEAN OZFF -3.6 -_,3 -5,6 -3.g -1.6 -1.8 -3,2 5,6 -2.1 4.5 5.7 10.7 11,6

RANGE 12,2 1_,0 11,9 1t.9 9,1 9°8 9°5 5.8 _,2 6,1 6,0 5.2 5,1

SOtN-1 5,86 _,32 5,19 5.06 3,30 3.55 3,58 2,36 1,_6 2._6 2.Z9 2°23 2,25

Illl ,,. ............................................



I

MOLINO PHI AT 76 DB NBS_STATS 3-2-77

NO= O-A LA B C Ol D2 E# HK6 HK7 PNL PNLC Z_CKFF ZWCKDF t

1 80,5 68,9 7_.5 79,8 76,4 75,3 74,4 83.6 75._ 83,9 85,8 gG,h 91,1 7l

2 69,_ _0*t 68,1 69.2 75.i 75.2 73.4 _1,7 73.6 81._ 83,5 86,9 87.7 7t

3 79,g 79,0 7_,0 79,0 80.7 81.0 79.6 84,3 75.a 84,_ 84,_ 88,0 b9,2 7i

4 69.4' _,8 67.7 69.3 7o.4 7o.0 68,9 77°7 75.7 77_2 78,_ 84.3 85._ 7¢

5 7_._ _o,_ 70,t 70.6 77°2 77.3 75.3 83._ 75,_ 84.1 85,5 88,2 68._ 7_

NEAN LEVEL 73.9 710,2 71,_ 73,6 75.9 78.7 74°3 82,t 74._ 82.3 83._ 87.6 88.*

RANGE 11ot 114,2 11,3 10.6 10,'3' 11.0 16.7 6°_ 5o_ 7°2 7,_ 6.1 &°O

SDtN-1 5.37 5,31 _,80 5,35 3°_h 3,96 3,85 2.65 2.10 3.82 2.97 2._3 2.22

MEAN DZFF -4.1 ,7.8 -6.1 -4.k -2.1 _2.3 -3.7 4.1 -3.9 4°3 5.5 9.6 IJ.-

RANGE t 1t=1 t_,Z 11°3 10,6 1G°3 11,0 1_,7 6,_ 5.1 7.2 7._ 6ol 6o_

SOtN°l 5.3"/ _.31 k.80 5.35 3.74 3.96 3°85 2._9 2o10 3.02 2.97 2°23 2.22

]



Evaluatlon of Data on SubJeoelve Effects of Noise
B. Scharf, R. Hellmsn, d. Bauer
EPA Contract WA 76-E213

, +

SOURCE Author(s): Pearsons_ K.S.. and Besnett,
R. L,

Title: The effects of temporal and spectral combinations on the Judged noisiness
of alrcrnft sounds.

Reference: FAA report, 1969. Also, JASA, 1971, 49, I076-1082.

STI_RTLI

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

Levels: 64-91 dB SPL overall

Made of presentation: free field

Analysls: third octave

[ JUDGmeNTS[
l

i Attribute Judged: noisiness (acceptability)

Psychophyalcal procedure: PEST

Number of observers: 20

OTHER

Spec_£1 features: EXP.I: duratlon i0 dB down from Hsx. was constant at lO sec.
Five._pectra and six temporal patterns were used in
_0 different combinations. Two spectra contained single

Cge=nents: pure tones,
EXP.ZI: Both durstlon and type of spectra were vsrled in 20

" dlfferent combinations. Durations iO dB down from Max.

ranged from 1-IO0 sets. Some spectra contained single

pore tones.
EXP.III: Twenty real aircraft sounds that varied in spectra,

duration a_d temporal patterns.
A-50



PEARSONSeBENNETTEST1 _BSeSTATS 3-3-77

NO, O-A A B C 01 52 E1 HK6 HK7 PNL PNLC ZHKFF ZHKDf

1 82,7 2,3 82.7 82,7 84,7 85.1 83,5 88,0 80,0 89,7 90,3 93,1 94,:

2 78=0 8,8 77,2 77.1 87,9 87,8 85,5 88,4 80,8 90.7 91,8 91.5 91._

3 80,8 _=_i 79,1 80,8 . 79,4 78,7 78,8 85,0 77,7 85,7 90,5 91,2 91,_..
4 71,1 2*1 70,4 70*3 82,0 81,9 79,5 82,7 74,9 85.5 90,7 84,5 84,:

5 78,2 4,1 75,1 77,7 82,5 82,4 80°4 87,9 79,6 89.0 89.5 93°1 93,1

6 82,9 2°5 82,8 82,9 84,9 85,3 83,7 88.5 80,2 85.8 90,5 93.3 94,_

7 76,7 7,5 75,9 75,8 86,7 86,6 84*2 87,0 79.5 89.5 90,7 90,3 90,_

8 80,0 3*7 78,3 79*9 78,5 77,9 78°0 84,4 77,0 85,0 89,8 90,2 90,_

9 71,0 712,0 70°4 70,3 81.9 81.8 79,5 82.7 74.8 d5.5 90.8 84,3 83._

10 77,7 71,0 73,7 77,1 80,2 80.0 78,1 86.2 _7.9 86.9 87,5 91.5 92._

11 81.4 8{@,9 81*3 81.3 83*4 83.7 82.1 88,9 78.8 88,3 88,9 91.9 92,5

12 75,1 7_,9 74.4 74=3 85,t 85,0 82,6 85,6 78,1 88.0 88,9 88,8 85,_

13 80,0 7_,5 78.1 79.9 78.3 77.6 77.7 84.2 75.8 84.7 89.4 90.0 9_.7
" 85,7 90,8 84,7 d4,3

t4 71,1 7_°1 70,5 70*4 82o0 81,9 79,6 82,9 75*0

t5 77=8 7_,8 74,3 77*3 81,1 81,0 79,0 86,9 78.6 87,6 88*2 92,3 92,9
16 80,8 81,3 8Q,7 80,8 82,8 83.2 81,5 86,4 78.5 87.9 88,4 91,5 92,5

t7 75,6 71i,4 74,8 74,7 85.6 85,5 83,1 86,0 78.6 88.5 89,6 89,3 _9.6

18 80,2 7_*0 78,6 80,2 78,8 78,2 78,3 84,7 77,3 85,2 90,1 90,5 91,3

19 59,0 7 I,_ 88,4 68,3 79.9 79.8 77.5 80,8 72,8 83,4 88,9 82.4 82,C

20 76.0 7;_,2 73.5 76.3 80,6 80.4 78,4 88,3 78.1 8?.2 87.2 91.o 92.2

21 81,_ 811,6 81,0 81,0 83,1 83,4 81,8 86,7 78,7 88.0 88,6 91,7 92,7

22 78,6 7",_ '75,8 75,.7 86,5 86,4 84,1 87,0 79*6 89,5 90,7 90,2 92,5

23 79,4 7_,3 78,0 79,3 78,5 78.0 77,8 84,8 76,9 84,8 89,6 90,6 51,5

24 69,_ 71 5 68,9 88,8 80,4 80,3 78,0 81,2 73,3 83=9 89,3 82,9 82,5

25 78,6 ?: 5 75,2 78,1 81,8 81,6 79,7 87.6 79,3 88,5 89,2 92,9 93.5

26 77,8 7_ 4 77,7 77.8 79.8 8_.2 78,5 84,2 78,2 85.1 85,8 89,3 90,3

27 73*2 7= i 72*5 72,4 83,2 83,1 80,8 83,9 76.4 86.0 87,0 87,1 87,5

28 72,9 6( 4 71,2 72,8 71,4 70,7 70,8 77,8 70,6 77,_ 82,3 83,6 84,3



PEARSONS_BENNETTEST1 _BS+STATS 3-3-77

NO. O-A t!!_! B C 01 02 E¢ HK6 HK? PNL PNLC ZNKFF ZHKOF

29 65,6 16,6 64,9 64.9 76.5 76,_ ?_oQ 77,9 69°? 80.1 85,2 79,2 7_.9

30 74,0 8,1 ?0,1 73,_ 75,k 76,2 74._ _2,8 74,B 8J,_ 83.6 86.3 88,9

HEAN LEVEL 76.B 75,2 76,1 8_,5 81,3 79.7 84,9 77,0 86,3 88._ 39,Z 69,&

RANGE 17.3 17.g 18.0 16._ 17.1 _4.7 10.? 11.1 13.3 9,5 14,1 15.4

SO_N'I h.42 7 _.53 _,67 3o51 3.7I 3.2_ 2*81 2.76 2,94 2J21 3.?q _,1#



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

NO. O-A A B C 01 D2 E_ MK6 MK7 PNL PNLC ZWKFF Z_IKDF

1 86.1 9.0 81.6 85,5 87,3 87,0 85.2 92.6 84.6 94,6 94,6 98,3 _8.9

2 90.3 3,4 88.4 90,2 89.0 88.2 88.2 92,9 8o.2 95.2 10_..8 99,4 iC.r,_

3 88.0 1.0 86.1 87.9 86.6 85,8 85.8 90.9 83.9 92._ 98,4 97.2 97,8

4 83.6 5_5 81.6 83.5 82,0 81.2 81.2 87,G 79.6 88,0 98.5 93,1 93,7

5 82.0 5*5 77.7 81,4 84.0 83.7 81,8 89.6 81,2 91,0 91,C 94.9 95,5

6 82.1 5*2 80,3 82,8 80.7 79.0 80.0 85.8 78.5 86,7 92,3 92,0 9Z.C

7 81.8 _,0 79.9 81,7 80.5 79.8 79.7 85,8 78,4 86.6 92,2 91.9 92,5

fl 82`'1 3,0 77.6 81,5 83,3 83.0 81,2 89.1 50,9 90.4 90,4 94,8 95,_

9 78.8 L,9 76.5 78.7 77.5 76.7 76.7 82.9 75.7 83,4 89,0 69,1 89.7

10 ' 78.0 L*O 76.1 77,9 76,6 75,8 75.8 82,2 7_.9 82,9 88.1 88,3 88,_

11 73.6 _`'5 71.6 73.5 72,0 71,2 71.2 78,1 7G,9 77,8 83.1 84,0 84.7

12 78.5 [,4 73,9 77,9 79.8 79.5 77,7 85.9 77.5 86.7 88,2 91.4 92.C

13 75.5 1.3 73.5 75.4 73.9 73,1 73.1 79.8 72,7 79.7 85,,3 85,9 ¢_6.5

:L4 75.4 _`'4 73.4 75,3 73.9 73.2 73.1 80,1 78,,] 50,0 83,9 86,3 86.9

_5 73`'6 6_.5 69.1 73,0 74,8 74,5 72,7 ' 81.7 73,6 8Z,7 81,7 87,2 87,8
/

16 71,8 6_.9 69,9 71,7 70.5 69.7 69.7 76.5 65,6 76,1 81,7 82,6 83,3

i7 _67`' 0 6b`'O 65`'1 66,9 E5.6 64,8 64,8 72,2 65.2 71,0 76,6 77.5 78.6

18 64`'t 5_,0 62,1 6_,0 62.5 6L,7 61.7 69,2 62.4 b7,E 73.1 74,9 75,6

19 88,6 8_.3 86.9 88,5 87.5 86.8 86,5 91,9 85,1 93,9 95,1 96.1 98.7

20 75`'3 68,2 73.3 75,2 73.7 72.8 72,,9 79.5 72.4 79.3 84,8 85*5 86,2

LEVEL 78.8 7_`'8 76.3 78,6 78.1 77.4 77.0 83.7 76.3 84,2 88.2 59.6 9',3

26,2 26.4 26,3 26.2 26.5 26.5 26.5 23,7 23,8 27.6 27.7 24.5 24,4
I

gOJN-1 6,97 _.07 6.9k 6.95 7.33 7,41 7.14 6.69 5,52 7,78 7,C2 6.76 6,72



PEARSONS_'flENNETT TEST:_ .NBS÷STATS 3-3-77r

NO, O-A /A B C 01 02 E= HK6 HK7 PNL PNLC ZWKFF ZHKOF

1 . 79,7 _7,6 78,8 79,6 83,8 83.7 81,5 88.8 81,1 90.4 90,9 q4,7 95.3
2 78,2 '5,7 77,3 78,1 82,5 82.3 80.0 87,4 79,5 89,5 91,3 93._ 93.5

3 74,7 '5,3 74,1 74,2 84,6 84.2 81,1 86,2 78,3 88,8 91,2 89,9 9_,2

.4 75,7 6°3 75,2 75,3 85.0 8_.7 81,3 87,_ 78.9 89,8 91,2 9C,7 9U,8
I

5 75,6 16.¢75,t 75.2 84,4 84.2 81,0 87.2 79,i 89.9 92.4 91,1 91,4

6 78°2 5,5 77,5 77,8 87,0 86,8 83,4 89.2 8t,2 92,2 94,3 92,6 92,9

7 78,2 5°6 76°8 77,9 83,8 83,6 81,5 88,6 80.5 90,3 92.8 93.8 94,2

8 83,7 _=5 82,0 83,6 82.8 82.1 81°7 87,8 80,8 89,0 9G,3 54,0 94.7

9 85,5 _17°7 83,1 85,4 83,2 82,3 82*3 88,2 80,8 89,5 91,C 93,9 94,5
10 88,0 8:1°9 86°5 87,9 86,7 86*0 86,1 91.1 84,1 93*1 93,1 96,8 97,5L

719°4 83,8 86,2 83,7 82.9 83,1 59,2 81,6 90,3 91,7 94,8 95.711 86,_
I

12 86,2 7'7°3 83*8 86,1 83,6 82,1 8Zo6 88,8 81°0 90,4 91°3 93.9 9_,b

13 82,8 7_,1 81,6 82,7 84,4 84,2 82°7 89,9 82.3 91°6 93°2 95°9 96,6
lk 8Z,2 7_,,Z 81,0 82.1 83,3 83,0 81,5 88,_ 80°9 90.2 91,3 94*4 95,0

15 87,5 80,2 85,8 87,4 85,7 84.6 85,0 89,8 82,6 91,7 92,2 94,9 95°g

16 83*6 77°D 81,3 83,5 84*2 83,5 82,1 88,9 dl,4 91°0 92,9 95,0 95,4

17 82*5 " 77,5 81,1 82,4 81,8 81°4 8G,9 66,7 79,5 87.7 88,5 92,6" 53.3

_8 90*5 79°1 87,5 90,4 86,7 84,6 85,7 90,6 83,0 92.2 92,9 9_,2 94,_

19 66, E 79,4 84,3 86,1 85,1 84,2 83,9 90,3 82,9 91,7 92,4 96,0 98,7

20 87,8 79,2 8_,9 86,9 84,9 83.7 8_,0 89,6 82,1 91°l 92,3 9_,6 95,3

LEYEL 82*6 77,9 81*1 82,4 84,4 83°7 82,6 88,7 81,1 90.5 91.8 93°8 9_,4

15,8 6,6 13,4 t6,2 5,2 5,4 6,1 _,9 9,8 5,4 5,8 6,9 7,4

SD,N-I 4a66 1.71 k..02 h.76 1.41 1°35 1.67 1.3_. 1.91 1.32 1.28 1.77 1.92

it- ......... -- .................... _ .....



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

SOURCE Author(s): Pearsons, K.S., Bishop, D.E.
and }loronjeff,R.D.

Title: Judged noisiness of modulated and multiple tones in broad-bend noise.

Reference: JASA, 1969, &_55,742-750. Also NASA report, 1968.

STIMULI

Number and type of noises: Over I00 - octave band noises plus tones, single
end multiple tones in broad-band noise, end single
tones

Levels: 59-110 dB SPL overall

Mode of presentation: free field

Analysis: third octave

JUDOMENTS

Attribute judged: Test I - loudness end noisiness or aceeptabillty
Tests II end Ill - acceptability

Psyehophysieel procedure: constant stimuli - standard sounds'were either a
Jet, Noy, or octave-band noise

Number o£ observers: Test I - two groups of 20 Os each
Tests II and Ill - 20 Os each

OTHER

Specie I features:

Comments: Tests conducted with stimuli containing relatively strong discrete
frequency components, i.e., S/N st + 25 dB as measured in 1/3 octave
bands.

A-55
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PEARSON ET AL. SER=I,IZNST=L_ NOTSE=NOY 3-6-77=

NO= O-A dA B C 01 DZ Ef HK6 HK7 PNL PNLC ZHKFF ZHKOI

2 90.1 8t.6 88,8 90,1 86,6 67.2 87,9 90,9 63.4 93.1 96.4 93,6 94.1

3 88,0 84,6 87..6 68,0 87,7 6T,9 88,0 92.9 65.4 _)4,4 101,1 95.6 96.i

4 87,4 87=1 87.,3 67,4 87.4 8Z,3 87,3 93,8 84,4 93.4 100,1 95,1 97,(

5 62o9 83,0 82,4 62.;' 89,;' 89.7 86,0 92.5 63.7 95.1 .161,6 t)4,5 94.¢

6 76,4 75,8 75,2 75.9 85,4 85,2 83,0 68,3 79,6 90.6 96,2 96,7 9&.;

82,4 84,2 84.8 67,;' 87,9 86,4 91,7 _3,3 93,3 99.1 94,0 94.7NEAN LEVEL 89.,0

RANGE 13,,7 _:1,5 13.6 14.2 _.3 4.9 5.0 5,5 5,,6 4.5 5.6 5,1 6,3

SDtN-I 5,,45 14,31 5o62 5,67 1,59 i.61 2,06 2,16 2,11 1.72 2.64 1,99 2,b

.......................... .........



PEARSON ET AL, SER=II_t INST=A_ NOISE=NOY 3-8-77

NO. O-A IA B C 0% 02 E_ HK6 MK7 PNL PNLC ZWKFF ZWKDF
2 80.1 71.6 78.8 80,1 78.6 77.2 77.9 81,5 73.4 82.9 8E.2 84,7 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 _.6

4 66.9 86,6 66.8 66.9 66,9 66,8 66.8 74,8 64.6 72.4 79,1 75.? 77*6

5 62.4 62.5 61,9 62,2 69,2 69,2 65.5 73.8 64.2 74°3 81°0 75.1 75.5

6 58.9 48.i 57.7 58,4 67,9 67,7 66,5 72.4 63.3 72.8 78.4 73,7 7_,0
i

_5,8 67.6 68,Z 71.1 70.9 69.8 76,_ 67.3 76,4 8Z._ 78.3 79.2MEAN LEVEL 68,_

RANGE EI.2 _43.5 2t.1 21.7 tt.7 10.4 12.4 9.1 10.i 10.5 ?,9 11.0 11.3
SDIN-I 6.5_ _5,53 8,4fl 8.71 _.80 _,33 5.60 3.93 4,58 4.62 3.83 4.91 4.98

,,,,d



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

SOURCE Author(s): Pearsons, K. S. and Wells, R.J.

Title: Judged noisiness of sounds containing multiple pure tones.

Reference: Paper presented st 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 ovsr_ll; BBN: 81-90 dB SPL over_ll

Mode of presentation: free field

Analysis: third octave

Attribute Judged: noisiness

Psychophystcal procedure: adjustment - standard stimulus was a broadband noise.
The comparison sounds ware varied.

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

OTHER
i

Special features: multiple tonal components

Cgmmests: The stlmuli were constructed sounds 'thatwere representative of high
by-pass ratio turbofan engine noises. GE and BBN date were in good
agreement.
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HELLSo1969 (B8N) NOI$_ 1-19

NO. O-A iA B C 01 02 E¢ HK6 MK7 PNL PNLC ZWKFF ZHKDF

1 88,7 8*4 08,1 88,6 93.1 93,3 90.5 96,7 88.4 99.1 99,1 1GI,8 1_2.4

2 87*5 7.t 86,7 87,3 91,9 92.1 89.3 95,8 87,_ 98,1 98,1 1CI, Q 101.6

3 86.I 5,5 85.3 85.9 90.3 90,4 87,7 94*4 89,9 96.5 97,1 9%7 1G0,4

4 86*0 5*7 85,3 85.8 90,7 90.8 88,0 9k,9 86,0 96.7 96,7 99,8 10E,4

9 85,8 5,0 85,0 85.7 89.1 89.2 86.9 93.6 84,8 95.1 95,6 99,1 99,8

6 86,7 6,2 85,9 86,5 91.3 91.5 88.7 95.2 86,8 97._ 96,5 100.7 101,3

7 86,0 5.5 85,2 85,8 90,5 90,7 87.9 94.6 86.1 96.8 96,8 100,0 100,6

8 90,3 7,_ 89,3 90,2 91.7 92,2 90.3 97.6 89,3 99,9 103,2 1_2.3 113.2

9 87,1 5,2 86,2 86.9 89,2 89.6 87,4 95.0 86,5 97.2 100,2 99.8 18_,?

10 87,2 5,1 86.2 87.0 89.0 89.5 87.4 94.9 86,4 97,1 100.3 99.8 10_.5

11 83,_ 2,8 82,2 82.7 90,2 89,9 86.8 92,8 85,2 95,9 99,0 97,7 98.0

12 82,_ 2.3 81,6 82.1 89.8 89,5 86.4 92,5 84,9 95,6 98,3 97,3 97,6

13 81,5 t*5 80,8 81,2 89.3 89,0 85.9 91,9 84,2 95.0 98,2 96,4 96,814 83,0 _,1 83.0 83,3 91,8 91,9 89.5 94,5 86.3 96.5 99.9 98,7 98,9

15 81,? 2*0 80,9 81,2 89.7 89,7 87,2 92.5 84,2 94,4 97.5 96,9 97,1

¢6 81,_ L,7 80,6 80.9 89,5 89,5 87,0 92,3 83,9 94,1 97.5 96.6 96,8

17 82,_ 2.6 81o4 81,8 91,5 91.3 88,5 92.7 85.2 95.7 97.7 97.0 97,3

10 82,_ Z,? 81,4 81.8 91,5 91,3 88,4 92.6 85.2 95.6 97.6 97,8 97,3

19 0_,9 1.2 79,9 80,3 89.9 89.7 86,8 91.2 83.6 94.1 96,2 95.7 95,9

LE¥EL 8_,8 _,3 0k,0 6_,5 90.5 90,6 87.9 94, G 85.8 96,4 98,3 q8.8 99,3

9*4 r,2 9.4 9,9 4,1 4,3 4,6 6.4 5,7 5,8 7.6 6,6 7,3

SD_N-1 2*82 _,22_ 2,83 2,96 1,18 1,22 1,27 1,72 1,49 1.58 1,77 1,95 2.16



HELLS GE NOZSES NBS _ STATS 3-1G-77
t

NO, O-A __A B C 01 D2 E¢ HK8 HK7 PNL PNLC ZHKFF ZHKO

t .90.8 _0.5 9Q,2 90*6 95*3 95.4 92.7 98*6 90*8 101.1, 101.4 104.0 10_°

2 84*4 _,8 83,6 84.2 89,5 89,5 86,8 92*9 85*0 95*2 95*2 99,1 99.4

3 84,1 83,_ 83,2 83,8 89,0 89.1 8_,4 92,7 84.6 94,8 9_.8 98,8 99,,

'4 84,5' 8_,0 83.8 84,3 89,8 89,8 87,2 93, Z 85,1 95.'2 96,5 99,3 9e._

5 83,2 82,5 82°3 83,0 87,9 88,0 85,3 91.8 83,5 93,8 95.C 97°9 98,_

6 83o9 83,5 83,4 83,6 89,1 89°1 86,5 92°6 84,6 95,0 96.I 98.7 99,3

7 83,5 82*9 82,8 83,3 88,5. 88,5 85.9 9Z.1 84,1 94,3 95,5 98,3 9_,9

8 92,2 89,1 91,3 92°1 92o? ' 93.0 91,9 98,1 90,5 IQ0,5 103,2 IG3,7 1C4,6

9 87,8 87,0 87,2 87,6 90,8' 91.5 88,7 96,7 88,1 98.9 1_2,8 IG0*6 ZG1,4

10 88,3 87',5 87,8 88.2 91°4 ?Z°l 89.3 97,2 88,8 99,5 183o4 101oi 101°9

11 _ 85,1 _5,6 8_,7 8k,9 92,9 92,7 89,5 95,0 87o7 98,4 10109. 99,4 99,6

1E 83,1 _3,5 82,7 82,9 91,0 90,8 87,6 93,3 85,8 96,5 100,3 97,8 9_,_

Z3 83,0 8!3,Z 82,5 82,8 90,4 90,2 87,0 92,9 85,_ 96,0 99,6 97,7 97,9

_! 14 81,6 8!2,3 81,1 81,2 90°1 99,1 87,6 92°3 84,1 94,3 98,1 96°6 9_,7

° I 15 78,7 78,8
79,3 78,1 78,2 87,1 87,2 84,7 89,7 81,3 91°4 99.1 94,0 94,_

16 78,2 / 77,? F7.8 88,6 86,6 84,0 09°G 80,6 90,7 94,0 93*5 93,7

8_o_ 83°0 83*I 93°i 92,9 90*2 93°7 86,2 96*6 98,3 97°8 " 9_,_

18 78,8 ?!9,_• 78°£ 78,2 88°2 88,1 85o4 89,2 81,8 91,9 92,8 93*5 93,7

19 77,9 T_.6 77,2 77.3 87,3 87°2 84°6 _8,3 80.7
90.9 92,3 92,6 92.9

MEAN LEYEL 83,8 8p.6 83,2 83o5 98*8 90.1 87,4 93°1 85,2' 95*5 97,7 98,1 98,6

RANGE ¢_.3 1_.9 1_,1 ¢4*8 8,? 8.8 8°7 10,3 10°2 ZO°7 11,1 11.4 11.7

SO_N-I 3.95 _,38 3,95 _,09 2,32 2,36 2._3 2,97 3,01 3,15 3,82 3,13 3,35



Evaluation of Data on Subjective Effects of Noise
B. Scbarf, R. |lellman, J. Bauer
EPA Contract WA 76-E213

SpURCE Author(s): Quietzsch, G.

Title: ObJektive und SubJektlve Lautst_'rkemessungen.

Reference: Acustlca, 1955, Akust.geih. I, 49-66.

STIMULI
i .i i

Number and type of noises: 37 noises racorded from a variety of sources

Levels: 47 - 98 dB SPL overall

Mode of presentation: 27 noises in free field; I0 noises through loudspeakers
£n diffuse field

Analysis: one octave

JUDGMENTS
-- r

A_tribute judged: loudness
i:

Psychophyslca[ procedure: constant stimuli or adjustment
ii Standard: I KHz tone or a band of noise 900-1120 Hz

wide
Number of observers: 20

OTHER

Special lea _utes :

Comments: Observers varied only the loudness of the I MHz tone or the narrow band
of noise. The SPLs of the 37 comparison stimuli remained fi_ed.

A-61
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QUZETZ$CH NOISES FREE FIELD N2S + STATS 3-t5-77

NO. O-A 'A 2 C 01 92 E¢ HK6 HK7 PNL PNLC ZHCKFF ZHCKOF LL

2 98.5 19._ 92.6 97.5 93.7 93.2 92.2 98.5 91.3 101.4 104.1 155.6 106.4 98.

3 82*5 P269 '81.3 82.4 83.6 83.6 82.0 88.8 81.0 90.6 93.1 95,4 96.0 86.1

5 97.1 )].1 95.2 96.8 _9.2 99.1 97._ 103.5 96.7 106.5 109.8 109.2 110.0 103.1
7 86.3 '2.6 61.7 85.7 83.9 83.5 81.6 89.9 81._ 91.7 ' 94.4 96.8 97.4 91._

9 82.9 =2.fi 82*3 82.7 88.1 88.2 8fi.4 92.0 8..0 9_.4 97.7 97.8 98._ 92._

10 92.0 _9.6 90*4 9t.6 96.2 96.1 93.8 99.9 92.9 102.9 186.2 1G5.8 IC6.4 101.(

11 95.5 9_.1 95.0 95.4 tOO.O 100.0 97.9 108.2 96.6 106.3 109.6 106.7 109.5 105.0

12 77.5 67.6 73.4 7?.0 73.3 72.0 72°3 80.4 72.9 79.8 82.0 86.8 87.7 84.5

¢4 69.9 89.7 69.6 69.7 75.4 75.4 73.2 79.8 72.9 80.4 83.3 86.1 86.9 82.0

15 98.6 87.6 99.0 98.3 94.6 92.8 93.6 99.1 92.5 t01.8 105.1 1_4.6 1_._ IC8.0

17 69.8 69.t 69.4 69.7 73.4 73.6 71.2 79.4 71.5 80.0 82.2 85.0 65.7 83.0

18 95.8 92.6 96.0 95.8 97.5 97.4 96.0 101.6 94.7 104.6 108.0 107.3 1_6.0 IC5.6

19 61.5 69.6 61.0 61.3 66.1 66.3 6_.2 72.3 65.9 72.0 74.6 76.4 79.3 76.0

20 94=7 86*0 92.1 94.4 94.4 93.8 9_.8 98.8 92.1 101.7 I05.0 105.3 1_6.0 104.0

21 94.1 66.2 63.2 92.8 82.2 76.7 78.4 87.t 76.9 87.6 98.5 94.2 94.9 92.0

22 61.2 60.6 _ 60.7 61.6 68.0 67.8 65.1 73.8 66.4 ?J.5 75.9 79.4 8_,0 76.0

23 63.6 61.0 61.8 63.2 67.9 67.9 66._ ?5.3 6F.7 7,.2 76.8 80.8 _1.7 8G.5

26 62.1 61.7 60.9 61.6 7C.1 . 69.9 67.2 7_.8 67.2 74.9 77.5 79. q 8;.4 79.9

27 65.5 63,1 63*4 65.0 69.2 69,2 67,1 75,2 6d.5 75,1 77.8 62.1 83.0 82,0

28 74*7 7_17 73.0 72*9 83.1 83.6 82.7 88.7 77.3 86.2 89.6 86.0 87.0 82.0

29 71.0 7_.0 71.0 7t.0 74.4 7_.7 72.4 78.8 70.9 79.7 80.1 84.9 84.b 86.0

30 59.6 5_.5 55.2 85.2 63.9 63.9 61.0 68.2 59.3 56.2 72.8 69._ 7_.1 89.0
31 54.9 5_.6 74.1 54.5 61.7 61.6 58.8 67.0 60.3 66._ 68.3 72.5 73.2 78.5

32 52.6 8_.3 52.5 82.8 56.3 56.6 64._ 62.4 55.2 61.8 64.9 67.4 66.1 71.8
33 76.5 7_.3 70._ 70.3 76.6 76.9 73.5 79.4 71.1 81.1 84.8 83.4 83.? 86.0

36 69.9 65.3 65.5 65.6 69.7 ?0.t 69.2 77.1 69.1 75.7 78.7 81.7 83.0 87,0

37 75.2 7_6 73.3 ?3.2 83.2 83.9 83.2 86.0 77.0 86.3 89.6 95.3 _6.5 87.5



QUIETZSCH NOISES FREE) FIELO NB$ + $T_TS 3-15-77

NO, O-A A B C 01 D_ E_ HK6 HK7 PNL BNLC 7HCKFF ZHCKOF I

76.7 _3.2 74.8 76.2 79.5 79.2 77.5 B4.3 76.8 85.3 88.4 89.6 9C.4HEWN LEVEL
/

RANGE 45.8 _1o8 **2°Z 45.5 43.7 43=4 43.9 41.1 _1.5 44°7 _4.9 41.e _1._

SD,N-t 15.01 _2877 13°99 14.97 12.67 12.52 12.9C 12.07 12.17 13.41 13.46 12.51 12°52

NEAN OZFF "11ol -_4°6 -13°0 -1t,6 -8,3 -8,6 "1C°3 "3*5 -11°0 -2°5 ,5 1,8 2.5
|

RANGE 23°2 _6.5 16°1 22°2 t8.4 18.5 16°5 13.6 12.9 15.5 15.9 12.9 _2°_

SDtN-t 5.83 _.15 4.39 5.69 4.00 4°25 4.21 3.07 3.16 4.0_ 4.2_ 3.28 3.23

,>
¢,a



QUZETZSCH NOISES NBS+_TATS 3-%1-77

NO, O-A A B C 01 D2 El HK6 HK7 PNL PNLC Z_CKFF ZHCKDF

1 75,0 _5,6 72.1 74.8 71,6 70.2 7C,9 76,4 69,2 75.9 78,9 _1,_ 62,7 74,

4 . 54,8 ;0,0 53,8 54,7 54,1 53,9 53,7 61.C 54,7 59.0 bl,_ 66.9 66.9 6_,!

6 53,0 _3,6 50,1 52,8 49,6 _8.2 46.9 54.2 48.5 92,2 53,6 59.5 6C.7 53.;

8 53.8 _9.1 52.9 53.8 53,1 52,_ 52,8 59.4 53.3 57.5 59.3 63,9 65.0 60.1

13 49*2 _2=9 47,7 49,1 47,5 46,8 47,2 52,2 47,3 50,7 52,0 57,4 58,7 53,

16 _8,9 37,7 45,4 48,7 45,0 43,1 43,8 46,9 42.2 46.6 48,Z 54,5 55,4 49,1

24 49ol ,4,7 47,7 49,1 49,2 48.9 47.9 56,0 50.1 54,5 55.9 62,2 63ol 61.1

25 57,3 ;?,2 56,5 56,7 65,0 65,1 63,1 71,3 63,9 69,9 72,5 75,7 76,5 74,!

34 51,9' 2°1 50°6 50,5 60,5 6_,8 59,4 66.4 58.6 64.5 67,_ 68,3 69,3 66,_

35' _7.4 2.6 44,5 46,9 49.9 49,7 47,8 56.9 5Q,8 55.2 56.8 62,5 63._ 62.E

MEAN LEYEL 54,0 8,9 52,1 53°7 54,6 54,0 93,6 60,1 53,9 56,6 6_,5 65,2 66,2I

I RANGE 27,6 7,9 27,6 27,9 26,6 27,1 27,% 29°5 27,0 29,3 30,4 27.3 27,3

_, SOtN't 7,99 8,¢9 7,96 8,03 8,52 8,70 6,47 9,01 8.12 9,07 9.55 8,32 8,23
'! ,

I NEAN OZFF -7,5 " 3,0 -9,4 -7,8 -6,9 -7,5 -7,9" -1,4 -7,6 -2,9 -1,g 3.7 4.7

RANGE 17,7 1,0 t5°6 18,1 9,7 8,5 11,1 7,5 6,7 8,7 9,7 7,3 7,3

$0,N-1 6,72 3,76 6,27 6,_9 3,32 2,90 3,77 2.50 2,53 2,58 2,83 2,48 2°52



Evaluation of Data on ,qubjectivo Effects of Noise
B. Schsrf, R. l(ellmsn,J, Bauer
EPA Contract WA 76-E213

SOURCE Author(s): Rsdemscher, H.

Title: Die Lsutst_rke yon Kraftfahrzeugger_uschen.

Reference: Acustica, 1959, _, 93-108

STIMULI

Number and type of noises: 24 motorcycle nol_es

Levela= 71-87 dB SPL overall

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

Analysts: one octave (non-standard frequencies)

JUDGMENTS

At_ribu£e judged: loudness and annoyance

Psychophysicel procedure: category estimations of loudness and a re¢Ins scale
from 1-8.

Number of observers: 20 - 25

OTRER
i

Special features:

Comments: Loudness end annoyance produce very similisr results.

A-65
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RAOEMACHER NOISES NBSeSTATS 3-3-77

NO. O-A A B C 01 02 _;e FIK6 HK7 PNL PNLC ZWCKFF ZHCKDF LL

I /31,0 77,Z 80,,_ 81,0 82,2 82,3 81,2 86,6 79,2 87,8 89,9 92,8 9.3,3 83,

2 79,,1 "6,=2 78,3 79,0 82, E 82.4 80,9 87,2 79,9 88,9 91,6 93,7 94,3 83,

3 84,1 78,7 82,8 84,1 84,8 84,2 83,3 88,5 81,6 90,5 92,9 95,8 96,3 86,

4 87,2 ' 80,1 85.0 87,0 86.2 85.4 84.9 90.6 83.9 92.3 94,5 97.4 97._ 86,

5 88,9 80,3 85.9 88.7 87,1 86,1 85.5 _1,3 84,4 93.4 95.6 96.5 98.9 89.

6 83,7 79,6 81,9 83,6 85*I 84,8 83,_ 89,6 82,3 9.1,8 93,9 96,7 97,2 89,

7 89.6 81,7 87.8 89.6 88,0 86,9 87.2 91._ 84.6 93,7 99.9 97,4 97,8 88.

8 83,0 82,2 82*3 82*8 90,2 "89,9 87.1 92,5 85.1 95.3 98,4 98,_ 98.6 88.

9 91,0 86,1 89,4 90-9 92°7 92,3 90,8 95,9 89,9 99,0 101,5 i_Z,8 1;3,1 96,

10 95,8 90,1 94,1 95.8 94.9 94.5 94.6 98,2 91.9 100.7 102.8 103,0 103.6 96.1

11 _89,=6 85.2 87.7 59,5 92.8 92.4 90.2 95.9 68.9 99.0 102,:; 102.3 102.5 96.1

12 94.6 89,8 93,6 9_,5 94,5 94.2 93.9 98,3 92.rJ 10G.9 103o3 1C3,8 1,34.3 96.(

13 82.0 79,5 81,I 81.8 87.8 87,4 85,G 90,_ 82,5 92.7 95.6 95.1 96,2 89,!

14 89.4 80,9 86,9 89,3 87,3 86.2 86.2 91.6 8L_.8 93,8 99.8 9U.1 9t),5 89.(

15 84,_ 79,7 83,0 84,3 86,2 85,7 04,2 89,7 82,6 92,G 94,6 96,9 97,Z 91,{

16 91.9 78,8 87,4 91.6 86.9 84,7 89.3 91,6 84.1 93.4 95.6 97.2 97.6 91,[

IZ 87,4 79.5 85,3 87,3 86.2 85.0 84,8 90.5 83,k, 92.6 9L,,8 97.1 97,5 90,0

18 92,0 79.9 88,3 9t,8 87.5 85.4 86,4 91.0 84.2 93.1 95,1 96.3 96.9 90._

_.9 86,2 83,5 85,1 86,0. 91,2 90,9 88,5 94,0 86,7 96,9 100,0 100.0 1(_, 2 94,0

20 9_,2 85.6 90.9 93.9 91.3 9G.A_ 9r_,2 95,8 89,2 98.1 100.5 102,5 lr3,0 94,_

21 8_,.7 7_,3 80*0 8_,4 79,,4 76,8 77.6 8_.8 76.6 85.5 87,0 90,2 90.6 83,0

/-_22 78,9 72,7 77,4 78,8 78.2 77.6 77.3 83*5 76,3 84.1 86,5 89,6 9_,1 83,0/

23 87,0 ,8_,6 84.8 86.8 87,1 86.7 85,4 91,0 8_,1 93,_ 96,7 98.6 99,0 91,0

2_ 92,,8 8,_*0 90.6 92,8 90°4 88,6 89,3 94,(} 87.1 96,5 58,3 99,3 99,8 91,0



RADENACHER NOISES NO$_.$TATS 3-3-7?

NO, O-A A B C Dt D2 E_ MK6 HK7 PNL PNLC ZWCKFF ZHGKDF

MEAN LEVEL 87,4 _0,,9 85.4 87.3 87.5 86,7 85°9 91.4 84,3 93.6 95°9 97.7 38,I

RANGE 16.9 _goG 17,3 17.0 16,7 17,7 1703 14°8 15.? 16,8 16.8 14.2 14°2
SDtN-1 4,85 .k..,56 4*55 4,8_. ' 4,31 4,52 4,36 3,81 4,10 4,35. 4,48 3,71 3,7_

MEAN OZFF -2.2 -8.0 -4.2 -2.4 -2,1 -3,0 -3,7 1,7 -5,3 3,9 6.3 8°D 8.4

RANGE 9,8 6.9 8,7 9.8 7,0 8,2 6.0 5.9 5,9 6.3 6°9 5.5 5.6

SOtN-1 3ot9 2e15 2,64 3,18 1,77 2,02 1,90 1,03 1,68 1,82 1,65 1,63 1°67'

/



Evaluation of Data on Subjective Effects of Nolse

B. $charf_ 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. Sac., 1961, 65, 635-637.

STIMULI

Number and type of noises: five helicopter and Jet nolses

Levels: 88 - 97 dB SPL overall

Node of presentation: Loudspeaker llateining in a moderately reverberant room
(diffuse field).

Analysis: third octave

JUDGMENTS

Attribute Judged: Loudness and disturbance

Peychophysleal procedure: paired comparisons

Nunlber of observers: 558

OTHER
, i

Special features:

Comments: loudness and disturbance produce very similar results.
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ROBINSON ÷ 30NSHER EQIALLY DISTURB NBS STATS 3-_.-77

NO O-A / A B c D1 02 E_ HK6 HK7 PNL PNL3 ZNKFF ZHKDF

i 93,3 8='7,6 91,2 93.'2 92.1 91,6 90.9 97.1 89,8 99,3 101,_ 1C3,3 104.';

2 96,9 9r1,2 95,2 96..7 95,3 95.2 95,1 99,6 93,4 1G2.3 L03,8 Z_4,5 165.3

3 88*7 85,7 87.4 86,5 91,7 91,6 89,7 95,8 88.7 98.9 100,0 1G1.9 102.4

4 95,5 89.4 (._3.4 95.4 94°4 93,7 93,1 97,9 91,2 100,8 131,7 104,2 104,7

5 91,0 894. 2. 90*4 9{_,9 94,3 94,4 92,0 97,6 90,1 100,4 19Z,6 193,4 IC3°7

flEAN LEVEL 93,1 88,6 91,5 93,0 93,8 93,3 92,1 97,6 90.7 100,3 101,8 103.5 104,0

RANGE 8,2 9,_ 7,8 8°2 3,8 3,6 5,4 3,8 4,7 3,4 3,5 4,5 5,3

SD,N-I 3,31 2,09 2,98 3.31 1.56 1,64 2,03 1.36 1,78 1,34 1°45 1,01 1.09



ROBINSON_BOHSHER E_UAL.Y LOUO N95 • STAT 3-1-77

NO. O-A L 8 C 01 D2 E_ HK6 HK7 PNL PNLG Z_KFF Z_KDF

1 93,3 _,6 91,2 93,2 92,1 91,6 90,9 97,1 89,8 99,3 101,0 IC3°3 104,;

2 95,7 },0 94,0 95,5 94,1 94,0 93,9 98,4 92,2 101,1 102o_ 103.5 lC4,3

3 88,6 ;,6 87,3 98,4 91,6 91.5 89,6 99,7 88°6 98°8 99,9 101,8 102,3

94,1 I,O 92,0 94,0 93,0 92.3 91°7 96,6 8%8 99,3 100,3 1C3,0 103,5

5 90,7 88,9. 90,1 90,6 94,0 94,1 91,7 97,3 89,8 100,1 102,3 103,1 103,5

i'

HEAN LEVEL 92,9 8S,O 90,9 92,4 93,0 92.7 91,5 97,0 90,0 99,7 101°2 102o9 103,5

RANGE 7,1 _,4 6,7 7°1 2,F 2,8 4,3 2,7 3,6 2.3 2,7 3,5 _,3

$D,N'I 2*82 [,86 2,48 2,82 I,_1 1,26 1,57 *99 1,28 °89 1,18 ,65 ,?_

I
b

/



Evnlu.tion of Dat:a on Subjective Effecf:s of Noise
B. Sch.rf_ R. Hellmsn, Jo Oauec
EPA ConCrsct WA 76-E213

SOURCE ., Author(s): Spiegel, M.

Title: Fr_fung verschiedener Lautstgrkeberecbnungsmethoden bei
diffuser geschallungo

Reference: Unpublished (apparently), 1960

t

STIMULI

Number and type of noises: 120 noises, type/of sound unspecified

Levels: OveralX - 45-67 dB SPL; LL " 64 phons
Overall - 70-84 dO SPL; LL - 85.5 phons

Mode of presentation: Diffuse Field

IAnslysls: third octave

JUDGHENTS

A¢Cribule Judged: Loudness

PJychophysicsl procedure: AdJustment-HBt=hing noises in loudness to a
critical band of noise centered on 1 kHz.

(Noises Varied)
_umber of observers: I0

,OTHER

Special features:

C_en_e :

. 4-71

........ ____ . ,4.



SPIEGEL AT 6hPHONS NBS STATS 3-i-77

NO. O-A A B C 01 D2 7_ HK6 NK7 PNL PNLC ZWCKFF ZHC_DF

I 66,7 55.1 64,2 66.7 63.4 61,1 62,_ 64,2 55,6 63,0 64,2 66,2 66,6 64

2 58,4 57.9 58,4 58,4 5a,8 59,1 58,6 63, t_ 55.6 61,_ 62,5 65,6 6?.5 64

3 51,4 51;9 50.2 50, I 61,4 61,5 59,8 63,4 56,2 63,2 64.3 62.8 63,4 5h

4 66,1 , 54.3 63.6 56,0 62,9 60.3 61,8 63.3 54,6 62,T 64.1 65,9 6b,3 6h

5 59.6 59,9 59.8 59.8 50,5 60.6 60._ 65,1 55.9 62,3 63,9 64,9 67,0 64

6 56,6 57,2 55.5 55,4 56.8 66.9 65,4 57,7 59.4 68,0 70.7 65,1 65,4 64

7 47,3 45,,4 46.4 47,0 52,3 52,3 50,6 50,5 53,6 57.8 59, n 64,6 65,5 64

8 48.4 47,9 46,2 _5,1 56,I ' 56.5 55,7 62,9 54,2 58,2 69,6 60,1 61.5 64

9 59,0 47.4 55,2 58,7 54,5 52,6 53.5 6{),6 53,1 58,2 61,5 64.5 65.6 64

t0 49,1 48,9 49,1 _9.1 51,7 51,9 56,3 59,2 52,2 56.3 6D,5 63,3 64,5 6_

tl +fi6,4 56,1 56,4 56,4 56,5 56.7 56.5 62,3 53,1 5%0 61.I 62.3 64.5 64

12 63.1 49.3 57.6 62,7 58,3 57,0 57,2 66,6 57,7 6._,3 69.9 69,2 7C,I 64

91 13 47,9 47,5 45,8 45,7 55,4 55,6 55,0 63,6 54.2 58,5 59.1 61.1) 62,1 6_.

14 54,9 53,7 54,8 54,9 54.5 54.g 54,9 59,8 52,7 57,5 61,1 61,9 6.*,C 64

I 15 53*4 53,8 53,4 53,4 57°0 57,2 55,1 63.7 55,5 60,8 62,4 66,4 67,5 64

15 48*8 46*5 48.0 46,6 55,1 54.8 52,3 59,8 53.7 59.2 6U.5 63.7 6_+,_ 64

17 45,5 4t.9 42,5 4_,4 49.8 50.O 4%5 58°5 50,9 53.1 54,2 57,? ..sg, 0 64.

18 58,6 52,0 57,2 58,6 55.8 56,0 56,6 60,6 54.2 55.5 59,6 64.8 66._. 64

19 47,_) 47,8 45,5 45,4 55°? 55,7 53.6 61,6 53°7 59°1 61.1 63,0 63.7 64.

20 52,6 50,4 51,1 51,9 59°2 59,5 58.4 63,4 55,9 51,9 64°3 64,5 65°4 54,

MEAN LEVEL 54.,5 51.2 53,1 54,0 57.3 57°0 56,(_ 62,5 54,6 60,1 62,2 63,5 65°_

RANGE 21,2 18*0 21,7 22*3 17,0 16,9 15,cj 9,2 8,5 14.9 16.5 11,5 11.1

SO|N-t 6,44 h,72 5,17 6,84 4,19 3,97 4.22 2,44 1,94 3,22 3,66 2,53 2,43

MEAN OIFF -9.4 -12,8 -10,9 -I0.0 -6.7 -7,0 -7.6 -1.5 -9.4 -3,9 -1,8 -,1 I,G

RANGE 21,2 t6o0 2t,7 22,3 17,0 16,9 15.cj 9,2 8,5 14.9 16.5 11,5 11.1

SO tN"l 6,4q. q.,72 5,17 6,84 4,19 3,97 4,22 2,44 1,94 3,22 3,66 2,53 2,43



AT 85,PHONS NBS t STATS 3-2-77

NO, O-A A 8 C O1 D2 Ef HK6 HK7 PNL PNLC ZWCKFF ZNCKDF LL

1 81,2 69,6 78.7 81,2 77.9 75.6 76,9 77,7 70,1 79,1 81,9 80.2 8_.5 85,

2 83,9 03,4 83,9 83,9 84°3 84,6 84,1 86,1 78,5 86,8 88.9 88.9 90.6 85,

3 75°4 75.9 74°2 74,1 85,,4 85,5 83,8 84.8 77,7 87,6 90°7 85,5 86._ 85,

4 82.6 70.8 80.1 62.5 79,4 76.8 78.3 79.0 71.6 _i,O 87°6 82,3 82,7 85,

5 82.8 82.9 82.8 82,8 83°5 83.6 83,0 85,7 77,2 85,5 87,9 88,4 88.5 85,

6 75.6 76,2 74,5 74,4 85.8 85,9 8L_°_ 84,5 77,0 87,2 92,I 82,9 83,1 85,

7 69,3 67.4 68,4 69,0 74,3 74,3 72,6 81.1 73.4 80,8 82,0 86,2 87°6 85,

8 70,0 69,5 67,8 67.7 77,6 70°0 77.2 82.7 73,6 80.9 83,7 82°1 83,3 85,

9 78,7 67,2 75,0 78.4 74,4 72,5 73,4 79.8 71.6 80*0 83°? 54,1 84,8 85.

10 75.6 75,4 75,6 75,6 78,2 78°4 76.8 83,7 75,4 83°5 87°2 88,9 89°8 85,

11 79.9 79.6 79,8 79,9 79.9 80.1 79,9 83,1 7_,6 82°7 85.3 84°0 86.3 85.

12 82,0 55,4 75,4 81,6 75°2 72,0 73,5 77,1 88°7 77.1 81,2 80,5 81,1 85.

13 71o9 71°5 8o,8 69,7 79,4 79°8 79,0 8_°7 75,5 82,9 86.3 83,6 84°? 85,

14 80=t 76,8 80,0 80°1 79°8 80,2 80,1 83.2 75,8 84.0 89.9 87,1 88,8 85,

¢5 78._ 78,8 78,4 78._ 82°0 82*2 80,1 85,6 77,0 86*1 88,4 89,8 90.6 85,

16 73.8 71,5 73,0 73,6 80.1 79,8 77,3 82,7 75.4 84,8 86.1 87,9 88,1 85,

_7 70.5 66,9 67.5 69,4 74.8 75,1 74,5 03.3 73,4 80.? 83.0 54.3 85,2 85.

18 80..6 74,0 79,2 80.6 78°8 78,0 76,6 81._ 74,2 82,5 85.2 85.7 _7,Q 85.

19 72*7 73*3 72*0 71,9 81.2 81°2 7%1 83,9 75=8 84,9 88°8 86,,8 87,5 85,

20 75°1 72*9 73.6 74.4 81.7 82,0 80*'9 84,I 76,0 85°2 89°8 86,5 87,4 85,

LE¥EL 77,,0 73,6 75..5 76°5 75.7 79,3 78,7 82,7 74,6 83.2 86°5 85°2 86,2

14,6 18,0 16°4 16,2 11°5 13.9 11.8 9*0 9,8 10,5 10.9 9,_. 15.1
I

SDJN't 4*62 5.28 4*85 5.13 3*46 4°09 3.55 2,60 2,59 2°90 3.17 2°72 2°95

DIFF "8.5 "11.9 -10.0 -9.0 "5*0 -6.2 -6.8 "2,8 -10,9 -2*3 1°0 "°3 ,7

14°6 18.0 t6.4 18.2 11.5 13°8 11,8 9°0 9,8 10°5 t0,9 9°4 10._

SD_N-t 4°62 5,28 4.85 5°13 3°46 4°09 3,55 2°6_ 2,59 2,9_ 3.17 2.72 2,95



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

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

Title: Jury ratings of complex aircraft noise spectra versus celculated
retlngs.

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

STI}_LI

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

Attrlbute Judged: Annoyance

Psychophysical procedure: Adjustment - stenderd only adjusted

Number of observers: 35

OTHER
_m

Special features: Noises contained single and multiple tonsl components.

Comments: RC filter depressed the high frequency region, centered st about

3000 Ha, by as much as 15 decibels.

A-74

[



WELL$$_.970 NOISES 1-30

NO, O-A A B C Ol 02 E¢ MK6 MK7 PNL PNLC ZWKFF ZWKDF

I 77,1 75,8 76,0 76.6 82,8 82.7 80,4 87,8 79,9 89.4 91,0 98,5 94*$

2 77,8 7/4*6 75,7 7?,4 81,7 8%,7 79,9 88,0 79,7 8_.6 89,7 93.4 94.i

3 74,8 73,5 73,2 74.2 81,7 81.7 79,6 86.8 78,4 88.1 89.6 91,5 92.1

4 77,4 74.5 75,0 76.8 82.5 82,5 80,6 88.0 79,6 89.3 90.8 93,2 93.9

5 74,8 75,1 74,2 74,4 81.8 82.1 79,5 86,_ 77.'_ 87,5 90.9 90,7 91.4

6 77,5 78,0 77,1 77*2 83,9 84°% 81,1 88,6 79,4 90.% 94.3. 92.1 92.7

7 77,9 77,7 77,2 77,6 83,8 83.9 8%,6 88.4 80,2 89.9 91,3 93,9 9_..b

8 76,2 76,2 75,_ 75.8 83.2 88,2 80,1 88,0 79,0 89,8 93,& 91,3 91.9

9 73,8 7/+,3 72,8 72,9 83°2 83,% 80,6 85,6 77,5 87,8 90,2 88,8 _9.3

10 73,4 74,0 72,5 72,4 82,5 82.6 80.3 85,2 77.0 87.0 89.8 88,2 88..8

11 72,8 73,2 71,7 71,7 82,1 82,0 79,7 85,1 77,1 87,0 89,0 88,4 89,0

12 72,6 73,3 71o9 7t,9 83,0 82,6 79.6 85,2 77.4 87.9 91,9 _7,8 88._.

13 72,6 72,9 71,3 71.3 8%,2 81,9 80,2 85.4 76,8 86.4 88,9 87.3 88,0

3.4 74,6 73,4 72,9 73,8 80,7 80,9 79,1 87,2 78.0 87,8 89,8 9_.0 _1,8

18 77,7 72,7 73,9 77,0 81,2 81,0 78.9 87,1 78,5 87,8 89,6 91.8 92,5

£6 80,4 74,8 77,6 88,1 80,6 80.4 79,2 87,9 80,1 88,4 89,7 93.9 94.?

17 83,1 74,8 79,2 82.7 81,1 80,7 80,J 89.0 80,7 88,7 88,7 94,5 95,_

18 79,9 73.1 76,_. _9,4 80..6 80,5 79,3 88*0 79,5 88.4 89,8 93,2 93.9

19 82*7 73,8 78,1 82,2 81,2 80,8 79,9 88.6 80,I 88,9 90*I 94,2 95.i

20 76..0 73,4 73,9 75..5 79,9 80,1 78°1 86,5 77..9 87,1 90,2 91,5 9_',3

21 78,2 75,7 76,% 77,8 81,4 81,8 79,5 88,3 79,1 89.4 93,1 92,8 93,5

22 77,6 73,6 75,2 77,2 79,3 79.2 77,8 87.1 78,5 86,7 88,0 92,3 93.2

23 79,4 74,3 75,3 79.0 8t,1 81,0 79..0 88,3 79,2 89,3 93,0 92,6 93.4

2k 74,.0 72,3 7i,6 72,9 80,7 80,8 79,2 86.6 77,2 86,2 88°4 89,2 9r,G

2_ 73,0 72,4. 71,I 7%,4 80,4 8D,6 79,4 88,7 77,2 85,3 88,0 88,3 8g*Z

26 72,6 71,8 70,7 71,1 80,1 80.2 78.7 86.0 76,7 89.6 87,4 88,8 89,4

27 73,3 71,9 71,3 72°3 80,7 80,6 78,5 88,7 77,3 87,2 90,4 89,4 9(;,1

28 73,3 72,5 71,3 71,6 80,4 80,8 79,9 86,4 77,.0 86,2 88,6 88.3 89,3



WELLS,1970 NOISES 1-30

NO, O-A A B C 01 92 E_ HK6 HK7 PNL PNLC ZHKFF ZHKDF

29 78,5 72,9 74,7 77.7 79,7 79,7 78,9 88.7 79,1 87.1 89,6 92,1 93.1

30 .83,2 71,6 77,7 82,7 79,8 78,9 78,4 88,1 79,2 B7. E 88,3 92,7 93.5

HEAN LEYEL 76,5 73,9 74,4 75,8 81,_ 81,4 79,6 87,2 78o5 87,8 90,1 91,2 92.0

RANGE 10=6 6,4 8,5 11,6 4,5 5,2 3,8 3,9 _,0 4,8 6,7 7,2 7,4

$0,N-1 3,24 1,59 2,4_ 3,52 1,23 t,30 .86 1,19 1.20 1,3Z 1,68 2,22 2,27

•,,4¸



Evaluetlon of Data on Subjective Effects of Noise
E, Scherf, R. llellmas, J. Bauer
EPA Contract WA 76-E213

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

Title:

Reference: Unpublished (about 1970)

STIMULI

Number end ty?e ef neises: 33 eircreft

Levels: 74-86 dS

Mode of presentation: free field (7)

Analysis: third octave

A=tribute Judged: annoyance

i_ Psychophyalcs I procedure: adjustment

'.L Number of observers: approximately 30

OTHER

': Special features: spectra in 3 graphs; each group has equally
annayin E spectra

- _ Cozzmlent:S:

A-77

t



HELLStUNPUBL I NBS÷STATS 3-3-77

NO. O-A A B C 01 02 El HK6 HK7 PNL PNLC ZWKFF ZWKD

1 86,0 ?T,5 82,6 85,7 83,5 82.5 82°2 89,9 82°5 90.7 90.7 _6,3 _7.

2 78,4 76,7 77_0 77,8 83,8 84,0 82,3 90.5 81.6 90.7 91,5 _4°6 95,_

3 81.0 7T.3" 78.7 80°4 84.1 84°2 82,9 91,5 82.9 91,3 91.3 95°8 96.;

,. 81.7 77°4 7%9 81.5 83.5 83°2 81.9 90,0 82.2 91.2 ' 91.2 95,8 96°1

5 80.8 76,4 78°9 80_6 83.2 83.1 81,8 89,9 81.7 90.6 91.5 95,1 95.!

B 78.5 76.9 77,2 78,0 83.6 83,9 82.2 90.7 81,7 99.9 92,0 94.7 95._

7 82.8 78.1 80°8 82°6 84,0 83,7 82,4 9Q°6 82°8 91.5 91.5 96°5 97J_

8 76,8 75,8 75,7 76.4 82.1:82°2 80,_ 87,9 79.4 88.2 91.8 92.8 93,l

9 79,7 76,5 78.5 79,5 82,9 82,8 81,3 88._ 80.9 89.7 90,8 94.5 95,!

10 76,3 76.7, 75.6 75.7 85,8 85°7 83.2 89.1 80°9 91°4 94.2 92°7 93.[

11 79.6 79.3 79.1 79,3 85,5 85,5 83,1 89.5 81,8 91,6 93.2 95,4 96.1

r NEAN LEVEL 80.! 77.1 78,8 79,8 83.8 83°7 8_.1 89.8 81,6 90°7 91.8 94,9 95,7

RANGE 9,7 3,5 7,0 10.8 3.7 3°5 2.8 3.6 3,_ 3.4 3,5 3°8 4,8
SDoN°I 2.77 .93 2,13 2.86 1.06 1°11 .85 1.04 .97 ,98 1,04 1.25 1,3



WELLS,UNPUBL 2 NBS÷STATS 3-3-77

NO. O-A A B C D1 D2 E_: HK6 MR7 PNL pNLC Zk_KFF ZWKDF

1 77.8 76,5 77.6 77.6 80o8 80.9 79.3 86.1 78.5 86.8 89.3 91.9 92.7

2 76.0 75,9 75.1 75.5 84.0 84.B 81,4 87,6 79.2 89.3 91.5 92.0 92.5

3 77.9 78,2 77.8 77.8 82.8 82._ 80,6 87.2 78.6 87.9 91.0 91.3 92.2

4 77.6 77,9 77.5 77.5 82.5 82.5 88,3 86.9 78.3 87.5 9(].6 91.0 91. c

5 74,7 75,2 74.2 74.2 83.5 63.4 81,1 67.3 79.1 d9.4 92.3' 90.9 91. _.

6 74.6 75,1 74.1 74.1 63,9 63.4 81,1 87.2 79.0 89.3 92,6 90.9 91._

7 75.0 74*5 74.4 74.5 81.0 81.0 79.4 86.5 78.3 86.7 88.2 91.3 92.3

8 75,.0 74,_ 74.3 74.5 81.3 81,3 79.6 86,,3 76._ 87.2 88.3 91.3 92,_:

9 75*1 75,3 74o2 74.3 84.6 8_.5 82°6 _8._ 60.1 90.4 92,9 91.0 91.E

t0 74.8 75,2 73.9 73.9 84,,6 84.6 82.9 68.1 79.8 90.2 93.5 90°3 9_.,_

11 76.2 76.8 75.6 75.7 86.7 86.2 83.0 88.8 80;9 91.6 96.9 91.4 91.E

12 79,,8 75.7 77.7 79.5 81.8 81.7 80.2 88._ 80.6 89.3 89.3 94.4 95.:

HEAN LEI/EL 76.2 75,9 75.5 75.8 83.1 83,,0 80.9 87._ 79,,2 88.8 91.3 91,,5

RANGE , 5.2 3,8 3,9 5,6 5,9 5,3 3,7 2.7 2.6 4.9 8.3 4,1 _,._

SO,H'I lo69 1.23 1,62 1.88 1,74 1.63 1.27 ,87 .92 1°97 2.43 1._3 l°J



NELLStUNPUdL 3 NBs+srATS 3-3-77

NO, O-A A B C 01 D2 E_ HK6 HK7 PNL PNLC ZHKFF ZHKDI

1 77,1 77,7 76,3 76,3 86.2 86.t 83,8 88,6 8_.8 90.6 93.6 93.0 93.1

2 77,8 78,4 77,2 77,2 86,0 86.0 83,4 88,5 80,7 91.0 93.8 92.8 93.(

3 78,1 78,4 77,5 77,6 86,2 86,1 83,3 89,4 81,3 91,7 93,6 93.9 94,.;

4 76,3 76,6 76°0 76°0 83.3 83,2 80.9 87,1 79,2 88.6 90,r 92,1 93._

9 79.3 78.4 79.0 79.2 83,3 83.3 81.9 87.7 80.3 89.J 92,2 93,7 94.E

6 76.9 7?.5 76,4 76.5 84,8 84,,8 81.7 88,8 80.2 90.9 95,C 92._ 92.7

7 76°0 75.6 75.4 76.1 83.3 83,5 81,6 88.8 80,2 89.3 91°5 92,9 93°7

8 74.1 74,6 73°3 73,3 85.7 83.6 81,4 87,4 79.2 89.5 9E*5 9C._ 9C.9

9 76.9 76.4 75,7 76.0 84.6 84.7 82.8 89.4 80.9 90.6 92*1 93,4 9_.2

10 77,0 76,2 75,9 76,3 83,7 83.8 8t,9 89,1 80,6 90,5 92._ 93,7 94,8

J HEAN LE¥'-L 77,0 77,0 76.3 76,4 84,5 84°5 82.2 88,5 88,3 90.1 92,3 92.8 93,5

RANGE 5.2 3.0 5,7 5,9 2,9 2,9 2,9 2,3 2,1 3,1 5,0 3o_ 3,7,>
o= Srt, N-I 1°33 1.32 1.50 1,48 1,,24 1,20 1,00 .83 °70 ,99 1,51 1,09 1.1;



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 tileannoyance of steady state

noise versus perceived noise level end other subjective measures.

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

STIMULI

Number and type of noises: 119 brogdlbsnd noises
with tones, pure tones, octave bends, etc.

(plus one standard noise)

Levels: 70-95 dB •

Mode of presentatlon: enecholc room (Free Field)

Analysis: third octave

J,UDCMENTS

Attribute Judged: annoyance

Paychophyeical procedure: adjustment; all sounds adjusted to match

16-nay contour noise

Number of observers: 30

OTHER

Special features: single and multiple tonal components

Comments:-12500-Hz tone end 1/10th octave bend omitted from analysis

-some sounds with significant energy greater then 10,000 }{z should
be omitted

A-S1



300 SERSE$ NOISES 1-20 NBS_STATS 3-10-??

NO, O-A A B C 01 02 Ef HK6 HK? PNL PNLC ZWKFF ZWKD

1 93,6 65,6 82,9 92.5 81,6 75.6 77.5 82,7 70,9 84.4 86.8 90.2 9_,'

2 • 89.8 71.2 84.4 89.5 82,8 79,1 80,7 82.7 74,6 84.7 89._ 87.0 87.:

3 83*4 78.4 82.8 83.4 82,9 53,1 83.0 82,9 77,3 85,6 88.d 84,0 8_,!

4 81.5 80.7 81,5 Bi,5 81,1 @I,6 81.6 84.5 76,4 84o8 88,6 86,0 87,_

5 85,2 74,8 83.3 85,2 82,8 80.6 81,8 82,3 75,5 84.9 88.± 84.9 85.4

6 8Q,1 81.1 80,1 80.0 89,4 86.2 82.4 85,3 76.6 88.1 92,1 85.2 85.4

? 72.7 73.9 72,3 72.2 84,1 83,6 80,2 81,8 75.1 85.8 92,5 81°6 80,6

8 73,8 73.9 72,1 72.0 82.2 83,1 82.3 83,9 75.3 84.1 90*4 79.5 81,1

9 71,6 69.1 67.3 67,2 75,1 74.7 ?5,4 81.2 69,3 76.5 83.2 68.6 ?G.9

10 90,0 71.? 84,6 89.7 83,2 79,4 61.1 83.1 75,0 84.9 89.5 87.6 67.7

11 85_6 74,6 83,3 85,5 82,6 80,4 6_,7 81.8 T4,8 83.5 86.B 8_.5 85.0

12 83,2 78.6 82.6 63.2 82,7 82.6 82,8 82,4 ?6,4 84.5 d6.1 85.1 66,_

13 83.0 8t.9 82,9 83,0 82,6 83,0 83,0 84,6 77.2 65,_ 89.3 88.2 9G,1

14 80._ 81,4 80,5 80,4 85.8 86.1 82.7 85.5 76,9 B8,O 91,3 87.5 87,8

15 79,_ 80.5 79.3 79,2 86,7 87,0 83,0 85*_ 76.8 88,0 93.9 56,6 86,2

16 74.0 75,1 73.6 73,5 84.8 84,5 61,2 82.0 74,8 8_.5 92.4 64.9 84,1

t? ?4,3 74.5 72.5 72,4 82,6 83.3 62,6 83,9 75.7 8..9 91.5 8_,2 81,7

18 G6.6 74,9 83.4 86.4 82.7 80.5 81.6 85,8 7B.8 88.1 88.Z 5_.9 9Z.?

19 86.8 7_.E 82,_ 86,4 8Z,8 /9,6 80.5 87.4 79,4 88.4 88,4 92,9 93.7

20 81,9 79,6 81,3 81.8 82,0 82,_ 81.6 88,2 80,_ 88.5 88.5 93.4 9_,4

LEYEL 81=9 ?5.8 79,7 8Z,3 82,8 81.8 81,3 _3°9 ?5,d 8_,4 89,4 85,4 86,Z

2Z.O 16,3 17._ 25°3 11*6 12,3 7,6 7.C 16,7 12,0 1_,? 2_,8 23,5

SO,N-t 6,20 _,_3 5.05 6,78 2,32 3,Z0 1,90 2.00 2.54 2,67 2,47 5._1 5,23



NELLSt300 SERIES NOISES'St-4S NBSeSTATS 3-10-77

NO. O-A A B C 81 02 E¢ HK6 HK7 PNL PNLC ZHKFF Z_KOF

I 79,9 76,3 78.0 79.3 80.4 8C,4 79,0 87.3 79.4 87,5 87,5 93°_ 9_,Z

2 74,5 7_,4 73.9 74°Z 81.4 81,4 76.7 85,7 78,0 87,2 87.2 91.2 91,8

3 ?7.6 74,3 75.9 77,4 79.6 79,5 77p7 86,3 78,7 86.8 86.8 92,4 93.2

'4 93,0' 7_,5 87,6 9Z,7 86,$ 82,3 84.0 86.4 78,4 88_4 92,1 90,3 90,_

5 80,8 76,0 80.3 80,8 80,4 80.8 80,5 80,7 74.8 83,2 86,2 81.7 8Z,6

6 82*0 81,% 82,0 82, G 81,6 82,1 82,1 85,1 77.1 85,5 89,5 _6°? 88,6

7 84,4 73,5 82,4 84.4 8¢_8 79°4 80.8 80.8 73o7 83,3 86°8 83o7 84,3
8 9Q,? 71,7 85.L 90,4 83,5'' 79.7 81,3 83.6 75,4 85.6 89.8 87,5 87.6

9 83,4 78.9 82.9 83,4' 83,0 83.2 85.¢ 85,5 77.7 86,0 98,Q 84,9 85,9

' 10 ?9.6 78,8 79°6 79,6 79.0 ,79,6 79,6 82.5 74.2 82.6 88,Z 83,3 85,5

11 86.2 75.0 84,G 86.1 83o3 81,O ' 82,3 83.1 76.2 85.6 89,7 8F.8 86,_

¢2 76.2 ' 77,2 76,2 76,1 81,2 82,2 78°4 81,8 72.6 84,3 90.5 80.8 81,4

_I 15 77.6 78,7 77,5 77._ 85,0 85,Z 81,2 83,9 75.8 87,1 90,3 85oZ 84,9w lk 71,1 72,3 70,? 70,6 82,? 82,1 78o7 80,2 73.4 84,2 90,8 8{o2 79,0
15 80.5 81._ 8G°5 80°4 85.5 86.1 82,8 86,4 77.6 89.0 92,3 86,6 87,Z

¢6 73.3 7k.5 ?3,2 73,1 81.2 81°3 77°3 80.5 72.1 83.7 88°5 79.5 79°2

_7 ?4.0 79,2 73.7 73,6 85.2 84,7 81,3 83°0 76,3 86.9 93,6 84,1 " 83,Z

18 14.3 ?_.3 ?2,5 72,4 82.5 83.4 82,7 84,9 76.3 85.1 91,0 80.4 81,9

19 74.1 73.0 11.2 71.1 79.6 80.1 80.6 85,2 75.5 81.8 87,0 73,9 76.6

20 71.5 ?t,W 69.6 69,5 79.t 80._ 79,8 82.0 73.2 82,0 86,7 75,8 77°8

21 75.5 75,9 72Q1 72.0 80.6 81.0 81,4 85.9 76,4 82°8 89,1 76,5 78.9

22 80.9 69.6 75,? 80,3 76.i 74.? 7_,6 8_,0 76.5 83.2 85,2 90.3 91°2

HEAN LEVEL 79.1 79,3 77,5 78,5 81.7 8Z,_ 80,3 83.8 TS,g 85.1 88°9 84,3 _0,1

RANGE 21.9 tl.8 ¢8.0 23.Z 10.0 11*_ 9.4 7.1 7.3 7.Z 10.4 19.5 17.7

SO,N-1 5.86 3.07 5.13 6.35 2.42 2.39 2.22 2.i5 2.04 2.11 2.41 5.4Q 5.1_



P40O SERIES NOISES 1-30 NBS+STATS3-10-77

NO, O-A A 8 C 01 02 E¢ MR6 HK7 PNL PNLC ZHKFF ZHKOF

t 81.8 70.5 78.4 81,9 78,1 76,0 76.9 85.Q 76,0 85,8 88,2 90.2 91.0

2 81,5 72.4 77,6 8/.0 77,7 77.3 77,1 85.5 77._ 86.2 88,5 98.7 91,6

3 86.6 70.1 81,0 86,2 79,9 76.8 77.9 87.1 77,6 87,7 90,4 91,8 92,4

4 77,4 71,1 73,4 76,9 _'5,9 76,1 73,6 84,0 74,2 84,4 ' 89,0 88,3 _9,2

5 76.6 66.7 71,3 76,0 75,1 74,2 72,2 82.2 78,4 88,9 87.8 87.6 _6.2

6 79,0 72,5 75.1 78,5 74,9 74.8 74.5 84.2 74.7 83,4 88,9 8_,9 98.1

7 79.3 68.4 73.9 78,7 75,0 74,3 73,9 84.4 75.3 83°4 86,2 89.4 90*4

8 79,1 69.3 73=5 76,2 75.5 74,5 74,9 86,6 75,4 d3°7 86,6 88°3 89.4

9 73,8 69.4 70,2 73,3 76.0 76.0 72,5 81,8 7i.9 82,7 88,8 85,2 85.8

tO 82,7 71.1 77,9 82.2 77.9 76,2 76,5 85,7 77.3 8b.O 87.0 91,5 92.4

11 81,6 72*3 77.4 81°2 77.9 77,0 76,7 85.8 78.0 85*9 86.7 91,9 92,9

t2 83,3 71.8 78.5 82,9 78,9 76.9 77,C 86,7 78,1 86.8 87,9 _2,1 93,0

13 80*7 71,6 76°7 86,3 77.8 76.6 76,0 85,4 77,5 85,4 87,0 91.3 92,2

14 81,6 71,5 77,1 8"1,1 77,9 76,7 76,_. t_9,7 77,9 85,4 87,2 91,8 92,6

15 82,0 73,,2 78.1 81.6 78,5 77.5 77,4 86,5 78,5 86,,_ 87,6 92.4 93.3

16 81,1 71,7 77.3 80,7 77°7 76,6 76.6 85.8 77.9 85,2 86,1 91.4 92,',

17 81,2 71,8 77.3 80,8 77,9 7b,7 76.8 _7,0 77.9 8_,3 86.2 91,4 92.3

18 79.1 69.9 74.9 78.6 76.t 75.2 74.4 64.1 75,9 84.2 86.8 89.8 9_,6

19 182,3 71.3 00.1 82,2 79.5 77,Z 78.5 82.8 74.0 84,0 87.4 87,0 87,7

20 77,9 71.8 76.3 77,7 76,4 76,6 76.3 82,5 74,1 _3,1 86,5 86,3 87,2

21 _ 85,9 67,5 80,2 85,5 78,7 75.1 76,6 83.9 74,2 84,5 67.6 _8o5 _9*0

22 71.8 68.4 68,7 71o3 72,6 73.4 69,9 79,4 6_°9 79,5 86,1 62,5 83,4

23 68,7 61o0 63.6 68.1' 70.6 69.8 67.0 76.2 67,0 78,5 63.2 80.6 81.1

2_" 74.7 70.5 72.1 74,3 71.6 71,,7 71,7 80°3 70,2 7d,9 85°6 84°_ 85,4

26 73,3 62,1 67,0 72,5 69,2 69,1 68.7 79,5 69,5 77,7 81,5 83,3 8_+°5

26 75.8 67.5 69.9 74,6 73°5 72°8 73,3 84°7 72.8 81,8 84,4 84,7 85._

27 69,,9 69.5 68.5 6%5 76.2 76,2 72.3 78,4 68.6 80.0 86,6 88.1 80o_

28 80.1 68.2 75°6 79,7 75.4 73.5 74.¢ 83.4 74.5 83,5 85.2 88.9 89,8



HELLS P400 SERIES NOZSES 1-30 NBS+STATS3-10-77

NO. O-A A B C Oi D2 E¢ HK6 HK7 PNL PNLC ZWKFF ZHKDF

29 80.2 6g.9 75,5 79.6 75.6 74,8 74.6 84,G 75.6 84.0 85,6 6%b 90.6

30 05.0 70,1 79,3 84.5 76,4 75,9 76.6 86.6 77.1 86.9 88,6 91.5 92.3

HEAN LEVEL 79,,$ 69.8 74,9 78,6 76,2 75.2 74,7 83.6 7_.7 83.7 86.8 88,_ 8%2

RANGE $7,9 12,2 17,4 18,1 16,7 8,4 1t,5 _.0,9 11,5 11,2 9,4 12.3 . J.2,9

SO,N'I h.hh 2,78 4,30 4.53 2.61 2.12 2.79 2.77 3.21 2.79 1.84 3.55 3.6G

i



400 SERIES NOISES 31-50 NBS+STATS 3-10-77

NO. O-A A B C G1 02 E_ HK8 HK7 PNL PNLC ZWKFF ZHKDF

1 78,9 68,6 73,4 78.3 74,3 73.6 72,4 82.9 78,8 82.8 8E.3 88.3 89.2

2 79.3 67.8 73.5 78.7 74.8 73.5 7Z,7 82,5 74,5 82.7 86+4 88.9 89.7

3 80.2 70.6 75.2 79.7 75.t 74.0 74,0 8_.2 75.3 83.2 88,5 89.8 90.6

4 79.7 67,7 73.9 79.1 74.3 73,0 72.9 82.9 74.7 81.7 83,5 88,9 89.8

5 81.4 69,3 75,4 80.7 75.8 7_.3 74,9 85.8 76.0 83.3 85,2 89.9 96.9

6 75,2 68.1 70,6 74.7 74.8 74.5 71.6 8t,7 72.1 82.3 88,0 85.9 _6.6

7 74.3 73,3 74.1 74.2 73.7 74,3 74.2 80.8 71.3 80.0 86.6 83.1 b4.7

8 68.5 66.3 67,0 68,2 7_.2 73.7 71.G 79.9 71.3 80.8 86.0 84.4 84.9

9 77.1 70,3 75,3 77.0 75.8 74.7 74.7 83.2 7_,7 83.6 86.2 _6.7 89,5

10 71,0 68.4 70.1 70.9 72.5 72.2 71.0 79.1 70.1 78.2 83,2 8_.4 85.2

tt 74,'0 72,4 73,5 74,0 74.3 74.5 73.0 83.1 73,8 82.4 87.3 87.0 88.2

12 69.7 68.1 68.3 69.4 77.1 76.6 73.6 81,8 73.2 83.3 88.9 85.8 _6.2

13 76.8 69.? 74.9 76.7 76.0 75,0 74,6 83.3 74.8 83.7 86.3 88.8 89,5

14 75,5 67,0 73,6 75.5 74.4 72,g 72.g 79.2 70,3 79.6 85.1 85.2 65.7

15 80,5 71,0 76,7 80.2 76.0 74.7 75.3 83.7 74.8 82.9 87,6 88.7 69,8

16 80,2 69,0 75,9 79,8 78,8 75,3 79,0 82,9 7._,8 83,6 88,8 88.9 89.5

17 81,4 70,2 78,9 81.3 78,3 76,0 77,3 83.3 7L_,4 84.3 86.8 87.4 88.C

18 79,0 68,8 76,6 78.9 76,2 74,2 75,2 81,8 72.7 02*4 87.3 86.9 87,6

19 75,9 75,0 75,9 75,9 75,4 76.0 75,9 82,0 73,0 81,6 87,0 84,3 85,8

20 73,t 7t,;' 72,6 73.1 75,4 75,2 73,8 01,0 73.4 8L.9 86,9 87,J. 87,_

21 77,4 71,8 76,0 77,k 78,1 75,2 75,4 82,5 74.3 03.0 85,7 07,7 08.6

22 73*6 72,1 73,3 73,6 73Q_ 73,7 73,4 80,6 71,6 79,9 84,8 84,2 85,5

23 71.0 70,5 70.8 70.9 74.8 74.9 73,0 81.6 73.5 80.8 85.3 06.1 86.9

24 66.,8 67,8 66,4 68.4 77,9 77,_ 74,._ 79,3 71,2 81,7 07,8 81,4 81,4

25 72*0 69,7 70.,9 71,9 76.7 76,5 74,1 81*7 7¢_,2 82,5 85,5 88,1 88,6

26 68,2 68,8 67.6 67,9 78,4 77,8 74,6 80,2 72,1 82.5 08,5 83,3 ¢3,5

27 81=7 71,5 78.7 81.S 78,0 76,1 77,1 82,7 7_.6 83,2 88.1 87.9 68.9

28 81=3 70,1 78,2 81,1 77,8 75,8 76,7 83,1 74,9 83.4 88,0 87,7 86,4



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

NO, O-A A B C D1 D2 E_ HK6 MK7 PNL PNLC ZWKFF ZWKOF

29 85,8 74,9 83,8 85,8 83,2 80.8 82,2 85.1 77,0 86.9 90.2 88,2 88,7

30 84,8 74,1 82,8 84.8 82.2 ?9,9 81,2 _4,6 76,_ 86,3 90,6 88.1 80,9

MEAN LEVEL 75,5 70,1 7_.1 76,2 76.% 75.2 74.6 82,2 73,6 82.5 86.8 86,8 87,6

RANGE' 19,0 ' 8,7 17,4 19,4 18,7 8.6 i%,2 6,? 6,9 8,? 7,4 8,5 9.5

SD,N-i _.97 2.29 4.12 4.96 2.33 1.91 2.48 1.7J _.76 1.80 1.70 2.18 2.26



Evalual:lon of Ceca on Subjective Effecl:e of Noise
B. Scherf, R. Hellman, J. Bauer
EPA Conl:racl: WA 76-E213

SOURCE Aul:hor(s): Wells. g. J.

T£1:Ie: A subJectlve sl:udy o£ ul_rd.htg_._v511:age l:rensm£se_on'llne n'olse.

Reference: Paper presented atl:he Second Arden House Workshop on Noise
Control Englneertng_ January 1972.

STIHULI

Number'end type of noiseS: 25 ultra high voll:ege.l:rensmission line norse

Levels: 58 = 78 dS SPL overall

Hode of presenl:ation: free f£eld

Anniye£_: l:htrd octave

Accr£bul:e Judged: annoFanee

Psyehophyeical procedure: ndJuatmenC - broadband pLnk noise matched to various
I:renam_aJ.on line no£ees

Number of obeervere: 31

OTHER
f ii1,,

Spaniel featureB: apeccral energy peak_ tn frequencfa8 below 250 Hz

Cp_enca: decibel levele are unapenlEied

A-88

/.



UHV NOISES NBS 4 STATS 3-15-77

NO, O-A A B C 01 02 E¢ HK6 HK7 PttL PNLC ZWCKFF ZHCKOF

1 60,3 54,8 57,8 59,9 6Z,6 62,3 61,2 71,3 63,0 6_,5 71,C 75,5 70,3 5

2 60,0 50.7 56,3 59,7 58,7 57,9 57,2 67,8 59.7 64°: 66.8 72,0 72,9 E

3 76.3 73.8 73.9 75.4 81.4 01.6 80.4 88.7 79.2 67.2 89.5 91.6 92.5 ?

4 67,6 63,2 64,7 67.0 70.7 70.7 69.5 79,4 ;'0.3 76.7 79,1 82.7 83,6 6

5 66,2 63,3 63,5 65,4 70,9 71,0 69.5 78,9 70,0 76,7 76,4 82,4 83,2 E

6 77.6 76.2 75,7 76.4 83,6 83.8 82,6 90.6 81.2 89,3 91.9 q3.4 9_,4 ?

7 63.5 99.2 60°9 63,0 66.9 66.8 65,4 75._ 66.9 72.9 75.0 79,2 8_.1 5

8 71,1 65,1 67,9 70,7 72,6 72,9 71.5 81.0 72,. n 78.8 81,5 85,G 85,8 6

9 57.5 54.5 54.8 96.6 6Z.1 62.2 61.1 71.4 62.5 67°'_ 69.8 73.7 7,.7 8

10 74,2 78°0 72,8 73,3 79,9 80,1 78,8 87,3 78,1 _6,1 87,9 5C,9 91,9 7

11 72,8 70,1 70,6 72,0 76,9 77,0 75,9 65,2 75,0 83,2 89,6 88,7 89,7 6

12 58,8 57,2 56,7 57,6 64,5 64.6 63,6 73,7 64,7 70,0 72,5 76,0 77,0 5

13 71,9 69,9 70,1 71,2 76,7 76,8 75,2 84._- 75,4 02,7 85,_ 88.4 09,3 6
89.5 9r.,_ 814' 73;i 71.2 71.3 72.4 78.2 78.3 76.9 85.7 76.6 8_.3 86.4

15 77,9 76.3 76,3 77,1 83,6 83,7 82,3 9,_.2 8!.0 89°5 92.2 93.9 94.8 7

16 75,5 7Z,8 73,3 74,9 79,9 79,9 75,5 56,8 ?7,8 85,8 88,6 91,2 52,1 6

17 74,3 66,9 70,9 74,0 74,8 74,4 73,2 81,7 73,4 8_,8 83,7 87,C 87,d 6

18 73,7 73,3 72,4 72,7 81,8 81,8 79,8 66,_ 77,7 66,8 89,3 _G,3 91,_ ?

19 74,3 72,7 72,8 73,6 8n,9 80,9 79,2 86,6 77,9 86,6 89,3 98,7 91,5 7

20 69,5 63,7 63,3 64,4 70,9 71,2 7Goi 79,7 7_,_ 77,2 78,5 82,3 88,3 6

21 62*4 61.4 61.8 61.6 66.3 68.5 66.9 76.8 68.2 74.1 75.1 80.2 81.2 5

22 69,1 67o6 67,4 66,4 7._,6 74,7 73°1 8Z,1 73,3 8_,4 83,0 86,0 86,9 6

23 78*6 75,I ?5,5 78,2' 80,7 80,6 79.4 87,8 78,6 86,6 89,4 92,0 9>°7 7

24 64*1 68.5 61°7 68.7 66,9 67.0 65.5 75°7 67.4 73.1 75.4 5_.3 81°2 5

25 68,4 64,8 65,9 67,9 72,2 72,2 70,7 80,3 71,4 78,2 80,5 6_,1 84,9 6



HELLS UHV NOZSES NSS ÷ STATS 3-15-77

NO, O-A A B C 01 D2 E_ HK6 MK7 PNL PNLC ZHCKFF ZWCKDF

HEAN LEVEL 69*4 66.2 67.1 68.7 73,6 73.6 72,3 81o4 72,5 79,5 81°8 85°1 86.1

RANGE 21,1 25.6 21.5 21°6 2_,9 25,9 25°_ ZE,B 21°5 25.3 25._ 21.9 21°9

SDtN-I 6,_5 7,26 6.65 6.43 ?,24 7,33 7,22 6.34 6,10 7.28 7.40 6.43 6,42

MEAN OIFF 5,1 1,9 2°8 4°4 943 9,3 8°0 17,1 8,2 15,2 17.5 20*8 '21o7

RANGE 4.7 6.6 3.4 5.4 6.3 7.1 6,2 4.? 4.5 6,0 6.1 5.1 5.1

SD_N-1 1.22 1.48 ,88 1,43 1*3t 1°49 1.32 1.07 ,95 1*34 t.56 *91 °94



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

SOURCE Author(s): Yanlv, S.

Title: Equal loudness contours for household appliances.

Reference: Unpublished, 1976

STIMULI

Number and type of noises: ii Household sppleances

Levels: standard stimuli set at three overall SPLa; 40, 50, and 60 _B.

Mode of presentation: Earphones

Analysis: third octave

JD_GMENTS

Attribute Judged: Loudness

Psychophysicsl procedure: Adjustment - 1/3 octave band of noise st 1000 He
served as a common reference co determine the loudness levels of the

appliances.

Number of observers: I0

OTHER

Special features: ' '

Co_menCs: Both .the comparison noises and the 1/3 octave band of noise
were used as standard stimuli.

A-91

I
I



¥ANZV (ELCHA} 11 NOZSES AT 40 DB SPLt NBS ÷ STATS 3-15-77

NO. O-A A B C DZ D2 E¢ HK6 HK7 PNL PNLC ZHCKFF ZHCKDF LI

40,0 31.7 36,2 39.2 36,2 35,4 35,5 31.3 34.4 36.1 36,8 44.4 46.2 40

2 39.9 40.6 39.7 39.7 47.4 47.3 43.6 49,7 44,9 50.2 51.9 52.7 53,1 46

4 40.0 30,8 35+3 39.0 36,5 35,6 34+7 30.6 33.1 36.6 39.5 44°8 46,0 37

5. 39.9 26,0 33*9 38,8 33,4 31,2 31.8 O.O 25.7 25,4 26.5 38,2 39.6 33

6 40.0 40,5 39+7 39.8 46,8 46.8 43.8 50.7 45.3 50,9 52.4 53,7 54,2 46

T 40+0 36.2 38,7 39.9 41,9 41,7 39.7 44,9 41.6 45.8 _8,8 51,7 92.6 43,

8 kO.O 30,4 33,9 38,7 34,7 34.1 33,4 30,3 32,9 34.4 35,6 43,6 45,3 39

9 39,9 37,2 39,4 39,9 41,7 41.6 40,2 44,9 41.1 44.5 46.1 51,4 92.3' 46,

+10 39.9 34+0 37,7 39,6 39,3 38.9 37,7 38,9 37,9 41.7 42.5 48.9 5O,d 43,

11 ' 4G=O 26.1 32*8 39.2 32,6 30,8 30*8 0,0 26*6 28,9 26,9 38,6 _0,5 34,

12 39,_ 34,1 37,6 39,7 38,7 38,3 37.9 38,7 36,9 40*5 40.5 49.0 50.3 38

MEAN LE¥EL 40,0 33.4 36,8 39.4 39.0 38.3 37.1 32,7 36,4 39,3 40,7 _7*O 46,2

_!t RANGE .1 14,6 6*9 1.2 14,8 16,5 12,8 90,7 19,6 25.5 25,9 t5,9 1_,4
. SOtN'l ,03 5,03 2,5b =45 5,01 9,62 4.32. 17,68 6,63 8,61 8,89 5,46 5.00

MEAN GZFF "+8 "?,3 "3,9 "1,3 -1,7 o2.4 "3,6 "8,0 -4+3 -1.5 "+1 6,3 7,5

RANGE 12,5 4,6 T+O 1t.6 5,7 6.4 4+8 39,2 7,2 13+5 14,0 6,6 5,1

$OeN'1 4.55 1+61 2,42 4,21 2+16 2.27 1,64 13.66 2.62 4,59 4,91 2,03 L,81



YANIV (ELCHA) 11 NOISES AT 50 OB SPL NBS ÷ STATS 3-15-77

NO, O-A A @ C DI D2 E_ MK6 HK7 PNL PNLC ZWCKFF ZHCKOF

1 5p,O 41.7 46,2 49.2 46,2 45,4 45.6 51.2 _7,3 50.0 50,7 5B,1 59,_ 5

2 49,9 50,6 49.7 49,7 57,4 57.3 53,6 61,3 54,3 61.0 62.8 64,2 54=Z 5
4 50.0 40,8 45,3 49,0 46,5 45.6 44,7 52*1 _6,4 _0,7 53,5 58,7 59,7 5

5 49,9 '36,1 43o9 48°8 43,5 41.4 41.9 44°_ 41.5 _.1 45,2 53,4 5_=7 4

6 50GO 50.5 49.7 49,8 56*8 56,8 53.3 62,0 55°0 61*6 63.1 65,2 65°7 5

7 50.0 46,2 48*7 49°9 5t,9 51,7 49o1 58*7 52°5 57,4 60*2 63°8 64,6 5

8 50.0 40°4 43°9 48°7 44.7 44°2 43*5 50=8 45=9 48.5 49.8 58,0 55°3 5

9 49Q9 4?°2 49*4 49,9 51.7 51.6 50°2 58*2 52°7 56°2 57°8 63°2 6_,1 5

10 49.9 44°0 47*7 49°5 49°3 4B°9 47°? 55=_ 50*1 5_,5 55.2 61,7 62°6 5

11 50,0 36,$ 42,8 49,2 42.7 40,9 40,9 44*0 41.5 43,9 44.8 54,5 55,6 4 I

12 _9*9 _4o1 47,6 49,? _8,7 48',3 47,5 55.2 49,7 53,6 53.6 61.9 63,0 5!

MEAN LEYEL 50,0 43,4 46.8 49,4 49,0 48.4 47.1 54,0 48.8 52,9 54.2 60.3 61,2

RANGE et t4,5 6.9 1°2 14,7 16=4 12=7 18°0 13.5 17o7 18°3 11.8 t1°0

SDtN-t _03 5,02 2°5_ ,45 4°99 5.58 4,30 6.12 k,72 6.06 6,36 3,98 3,72
w

BEAN DIFF "3o8 -10,3 -6,9 "_.3 "4,7 "5._ -6,6 ,2 -4,9 ".9 .5 6,5 7,5

RANGE 10.4 6_6 fi,7 9,5 8.1 8,4 5.9 8,8 4,3 8.6 9.5 3,0 3,1

SOIN'I 3,84 2*OZ t,67 3.44 2.40 2°66 t°69 2o71 1o47 2,72 3,19 ,85 °8_



YANZ¥ ¢ELCHA) 11 NOZSES AT 60 DS SPL HBS 4- STATS 3-15-77

NO,' O-A A 8 C 0t 02 E_ HK6 IlK? PNL PNLC ZHCKFF ZHCKDF I

1 60,0 51,7 56,2 59o2 56,2 . 55,_ 55.6 6k.,2 57,7 61.7 62*; 69.5 10._ 6*J

Z 59o9 60,6 59e7 59,7 67,_ 67.3 63,6 7t,0 63,0 ?1,:_ 73°1 ?b., b. 7._.. 8 61

; 6Q,O 50,0 55,3 59.0 56,5 55,6 5_'.7 6q.,5 57,5 62.3 65Q1 ?0.1 70,9 fi;

S 59,9 k.6,1 53,9 58.6 53,5 51. _, 51,9 60.9 53.3 57,6 58,7 65*9 60,9 ,6:

6 6Q*O 60*5 59,7 .59,8 66,0 66,8 63,3 7t.6 63,7 71.9 73,; 75. b, 75,8 61
7 " 60o0 56,Z 56e7 59. cj 61.9 61,7 5967 66*8 61,5 66.0 70.7 ?q.*3 75,0 6_

0 60aO _;O*q' 53,91 50,? 5b.,7 54,2 53,5 6k,,I 56,? 60,6 61,8 69.6 ?0,7 6:

9 59,9 5?*Z 5c.I..k. 59,9 61o? 61,6 60,2 68,2 61,? 66,8 68,; ?3.6 ?b., _¢. 6d

i : " 10 S�,g 5;,0 5?,7 $9,6 59,3 50.9 57,7 67,0 60,1 65,1, 66,2 ?2,5 73,3 6'

1t 61_,0 k.6,1 52,6 $9,2 52,7 50.9 50.9 60.3 53,3 56.6 57,8 67.1 66.2 S

; 12 59,9 5k.Q1 57,6 59.? 56,7 50,3 57,5 67,0 60,0 6k.,? 6q.,? ?Z*6 73,7 6!?

.}_._flEAN I.EYEL. 60, ° 53,_ 56,8 55,_ 56,0 $6, _,, 57,1 66,1 59,0 6;,3 65,7 ?l,k. ?2,2
-b_ _. RAtiGE : +1 14,5 6,9 l*Z lb.,? 16,q, 12,? 11,3 10.; 15,t 15*6 9,5 0,9

SDotI"I ". ,03 5,02 2m5_ ,;5 _,99 5,58 4,30 3,7;._ 3,57 5,0; 5,35 3,13 2,95

•; It AN D1[FF :_ "g,3 "11,6 "_,_* -5,6 "6,2 "6,6 "6,t ,9 "6,3 ",9 *k. 6,2 . ?,G

'. RANGE . 9,2 6,S k.,2 6,? 9,6 9,5 ?,l.. 5,5 _,,_ 7,6 8._. _,3 q.,_

SO*N*1 _,13 2,6_. 1,18 2,77 2,69 3,29 2,00 1,66 2,39 2.69 3,13 1.4t 1,35
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nl irli inl'i_l ifliiflltfllrnH fli'iiii__ii'in i'ifl li_l llll'I_ ii_ l'j_ ii_ j'inl'lflr _l'i_ l'ln

HHWHHHWHWtIWMHHH_;HHHrIWHHMWrIHHHHWHWHWHWI.;HMHrlHNHHW
HHW HHHWICHHHMHH HHH MHMHHWM WH_HHHW,'IWHWH HHWfiNHHNH MW

0,0 9,0 Q.O 0,0 0,0 0.0 3,_ 0.0 _.O 34,0 58,5 67,SJAH30C 1
63.0 65*0 61,0 59,5 6_*0 58.5 62,5 56.5 59,0 57,D 58.5 61,0JAH300 I
63,5 62.5 57.5 54,5 55,0 5Z.O 49,5 0.0 C,O 0,0 JAH30C 1
0,0 O*O 0,0 0,0 0,0 0.0 0,0 0,0 0.0 29.5 44,5 50,SJAH30C 2

5h.O 51.5 57,0 59.5 64,5 61.0 63,0 65.0 66.5 65,5 61.5 62,0JAH30C 2
63.5 59,0 56,5 56.0 54,5 52,0 4E,5 0.0 0.0 0,0 JAH30C 2
O,O g,O 0,0 0,0 O,O 0.0 0.0 0,0 0._ 35,0 46.0 52,]JAH300 3

57.5 60.5 5_.0 58,0 56,0 60.5 56,0 60.0 62.0 62.0 61.5 63,0JAH30C 3
64.0 62.5 61.0 63.5 60,0 58,0 61,0 O.G 0,0 0.0 JAH30C 3
0,0 0,0 O,O 0.0 0,0 0,0 0,0 0,0 C.O 40.0 47.0 59.5JAH300 4

59.5 62,0 61,5 64,5 66.5 65,5 64,5 60,5 61,5 60.0 56,5 59.SJAH300 4
62,5 59.5 5_,5 50,5 5C,5 47,5 45,5 O,C 0.0 0.0 JAH30C 4

0,0 _.O 0.0 9.0 0.0 0,0 0.0 0.0 0.0 34._ 57.5 66.SJAH30C 5
61.5 58.5 69,5 62,0 55,0 56,0 58.0 54.0 57.5 63.0 58.5 59,0JAH300 5
61,5 59*5 57.5 52,0 51,5 51,5 49,0 O,O 0.0 0.0 JAH30C 5
0.0 0,0 0o0 0.0 0.0 O,O 0,0 0,0 0.0 35*0 42,0 4_*SJAii30C 6

51,0 56.0 5_,0 59,0 59.5 59.5 60.0 60.0 63.0 64.0 63.0 63, CJAH300 6
66.0 54,0 62,5 61.5 60.0 59,0 57.5 0,0 0.0 0.0 JAH30C 6
0.0 O.O 0.0 9.0 0,0 0.0 0.0 0.0 0.0 34,0 50.5 54,SJAH300 7

58,0 56.5 70.5 60.5 59,0 60*0 59.0 S6.0 60.0 59.0 57.5 58,0JAH_OC 7
:66,5 55.5 51,0 53,0 44.5 40.0 34.0 0,0 0.0 0,0 JAH30C 7
0.0 0.0 0,0 q,O C,0 0._ 0._ 0,0 0.0 35,0 48,0 60,OJAH30C 8

61$0 68=0 67,5 6_.5 65,5 63*5 61.0 57.5 58.5 59,5 56.0 56,SJAH30C 8

57,5 54,0 48,5 45,5 44,0 40.0 37,0 0,0 0.0 0,0 JAH30C 80,_ 0,0 0,0 0.0 0.0 0,0 0.0 O,C 0,9 31,0 41.0 51.SJAH3DC 9
5_.5 56,5 56,0 60.0 62.5 63.0 64,0 60.0 62,5 63.5 62,5 63*SJAH30C 9

• 63,0 55,0 55,0 52.0 52,0 _9,0 43.0 0,0 0.0 0,0 JAH30C 9
O,g 0,0 C,O 0.0 O,O 0.0 0,0 0,0 0,0 40,0 56,_ 48,OJAH30010

57,0 63,0 60,5 59.0 57,5 62.5 62.0 60,5 62.5 65,0 62.5 63,OJAH3CCiO
65,5 61*5 59.0 54,0 53.5 51,0 47.0 0,0 0.0 0.0 JAH30CZO

7

_ i
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(Continued)

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

0

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

d. only the Mark VI and Mark VII calculation syszems show significantly
smaller standard deviations than the D1 and _ welghtings, although
the Mark VI, Mark VII, PNL, and Zwicker systems all exhibit
significantly smaller standard deviations than the A, B, and C
waightings.
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