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Abstract

NON=-METRIC SCALING OF LOUDNESS
by
Alsn M, Richards

Advisor: Professor Harry Levitt

Determinstion of loudness scales for 1000 Hz stimuli
by conventionsl rastio scsling methods have yielded loudness
functions which grow as spproximstely the O.54 power of sound
pressure. Thus, two-fold loudness differences sre equivalent
to spproximately 10 dB across the suditory continuum. The
unidimensionsl representation of loudness 8s 8 power function
of sound intensity implies that if A is twice ss loud ss B,
which, in turn, is twice &8s loud C, the A will be four times
88 loud 8s C. In order to test this implication scross the
suditory continuum loudness rstio estimastes were obtesined from
four 7x7 mastrices of 1000 Hz stimull with differing inter-
stimulus spacings snd rsages.

Two types of dats snslysis were used in comparing the
obtained rastio estimate results with those implied by the 10
dB rule. The first wes s multidimensional representstion of
the data based upon Shepard's Anslysis of Proximities / R. N.
Shepsrd, Psychometrika, 27, 125-140, 210-246 (1962)/. From
these snalyses simple two-dimensionsl configurations were found
which sdequately represented the dsta. In genersl, these
configurstions indicsted that the obtained estimastes did not

conform to the configurstions implied by the 10 4B rule, i.e.,

xi



8 straight line in spsce, but curved upwsrds indicating
incressing non-additivity with incressed inter-stimulus
differences. It was further found that as the stimulus rsnge
of a8 matrix decressed, the ratio estimates sssocisted with
common stimulus psirs incressed.

The second type of snalysis was designed to plot the
obtasined rstio estimate dsts ss a unidimensionsl function
of intensity, which, in turn, would yield lineer spatisl
configurstions. The results of this anaslysis yielded loud-
ness scales which could be directly compared to conventional
power functions. It was found that for two mstrices (B
and C) that power functions were obtained, although the
slope for Mstrix C (15 dB range) wss high relstive to the
conventionsl scale, while the slope of Mstrix B (30 4B rsnge)
was quite similar to the conventionsl function. With s
60 dB stimulus renge (Matrix A) s power function was not
obtained.

Loudness growth was further investigated with other than
moderate to intense 1000 Hz tones. Ratio estimates were
obtained from four new matrices which contsined either 250 Hz
tones, white-noise, or low sensstion level 1000 Hz and 4000
Hz tones. Esch of these mstrices wss analyzed by the Anslysis
of Proximities, and the obtsined configurations compsred to
the results implied from esrlier findings concerning the
stimuli of interest.

A monsursl test of loudness recruitment was sugrested
utilizing rstio estimstes combined with the Analysis of

Proximities.
xii



CHAPTER I
INTRODUCTION AND HISTORY
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The relstive advantages and limitations of the various
types of scales sre well known (Guilford, 1954; Stevens, 1951,
1958), Four types exist: nominal, ordinal, interval, and
retio. The nominal scsle represents the simplest form becsuse
only the classification of sttributes is considered, with no
metricizing or ordering. Among some of the psychophysical
problems lending themselves to determination by nominal scales
are sbsolute and differentisl threshold, and the equation of
magnitude, such ss found in equsl loudness contours.

Ordinsl scales are one étep removed from nominal scsles
in thet stimuli sre ranked relative to some attribute. These
scales, however, are not designed to indicate the distance
present between two sttributes, nor do they contsin true zero
poiﬁts. Psychophysical determinastion of ordinsl scsles convention-
ally is accomplished by using the methods of Rank Order, Rating,
or Paired Compsrisons.,

Intervel scasles sre another step removed from nominal
scales in thsat the distsnces between two sttributes can be de-
termined qusntitstively (Guilford, 1954; Stevens, 1951)., They
slso lend themselves to conventionsl ststisticsl snalyses. How=-
ever, no true zero point is present. The psychophysicsl pro-
cedure used most frequently in erecting intervsl scales is that
of bisection (Stevens & Volkmsnn, 1940).

Retio scasles represent the most advanced scales in thst
they contain asn interval scsle within themselves, as well as

have true zero points (Guilford, 1954; Stevens, 1951, 1958,
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1960). By sbsolute zero point here is meant s point which is
revoresentstive of "neither more nor less than none of the property
represented by the scale” (Guilford, 1954, p. 16).

The most important asspect of rstio scsles, ss concerns
subjective magnitudes, is that preserve information sbout the
ratio s between sensstions. Thus, it is possible to indicate
that one subjective sensstion is twice as grest, or one-hslf
as grest, ss snother.

The perception of loudness, as implied from previously
obtained loudness functions (Stevens, 1955, 1956, 1957s, 1958,
1959, 1960), shows properties which are found only in ratio
sceles. Thus, it is assumed that rstio scaling procedures are
appliceble to loudness~intensity relations (Stevens, 1960).
These methods fall into five clesses: Msgnitude Estimstion,
Magnitude Production, Ratio lIroduction, Ratio Estimstion, and
Numericsl Msgnitude Balsance.

Megnitude Estimastion of loudness can be accomplished by
using either of two techniques. The first method requires thst
8 number (modulus) be sssigned to a stimulus by the experimenter
(E). E then presents other stimuli to the subject (5), snd S
estimates the loudness of these subsequent stimuli relstive to
the modulus. In the other varistion, no modulus is included,
and S simply reports the percept by sny number which he feels
is proportional to the loudness. Numerous investigetions have
used either method in the development of loudness scales
(Hellmean & Zwislocki, 1961, 1963; Jones & Woskow, 19663 J. C,
Stevens, 1958; Stevens & Tulving, 1957).
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Although the method of Masgnitude Estimstion leads to
8 ratio scsle of loudness (Stevens, 1958), it is instructive
to note thst an equsl-intervsl scale can be erected from the
seme obtained dsts when different properties of the data sre
snalyzed. For example, Garner (1952) constructed sn "equsl
discriminability" scsle based upon the dispersion of loudness
judgments of various stimuli to different response categories
The scale was constructed so that equal scale distances represented
equal tendencies to judge two stimuli in the same cstegory.
The subjects were instructed to Jjudge individuslly presented
1000 Hz tones on s scsle which ranged from "O" to "20", where
"20" wss the loudest tone heard, and "1" was the lowest tone
heard ("O" wes s stimulus which wes not hesrd). A visusl stimulus
preceded the presentation of esch of the stimuli. Four different
experimental conditions were tested, each with different stimulus
specings snd ranges (5-100 dB in 5 dB intervals; 55-100 dB SPL
in 5 4B intervals; 5-50 dB SPL in 5 4B steps, snd 5~100 dB SPL
in equel loudness increments). Garner found that the obtained
equel discriminsebility (E.D) scale grew ss s linesr function
of log-intensity over most of its' extent. Thus, the form of
the E.D. scale sgreed well with scsles based upon cumulsting
difference limens (DL's), Fechnerian scsles, but did not sgree
with the form of rstio scsles derived from the vserious direct
ratio scaling methods (Stevens, 1958) (With the modslity of loud-
ness perception the rstio sceles sre generslly linear on log-

log coordinstes).



Magnitude Production is the inverse of PFaznitude Estimstion
in that S adjusts # vsrisble intensity control to produce a
subjective loudness impression which is proportionsl to & num-
ber suggested by E (Stevens, 1958). This technique has not been
utilized as frequently as Magnitude Estimation. Hellmesn and
Zwislocki (1963) have shown, however, that Magnitude Product-
ion give compsrable results to Magnitude Estimation st sensstion
levels (SL's) sbove 40 dB. At lower SL's, the two yield more
divergent data, but these differences become negligible as the
SL's approsch threshold.

In Rstio Production (the method of Frsctionstion snd
Multiple Stimuli, smong others) S is required to produce a pre-
scribed rstio between two stimuli. Generslly, two psycho-
physical methods are used to gather Rstio Production data: (1)
the Method of Adjustment and, (2) the Method of Constant Stimuli.
Typically, with the Method of Adjustment, & stsndsrd stimulus
is presented, subsequently followed by s varisble stimulus
which can be controlled by S, The S's tssk is to sdjust the
varisble stimulus to the prescribed rstio set by E. With the
Method of Constant Stimuli, s stendard is presented, which is
subsequently followed by one of several compsrison stimuli,

The S's task 1s to report whether the compsrison stimulus is
equal to, or less then, the prescribed loudness rastio set by E,
For exsmple, if S were instructed by mske one~hslf loudness

judgments E, for esch judgment, would present the stsndsrd



stimulus followed by one of several compsrison stimuli

(ususlly 4 to 7) presented in a pre—arrsnged ranuom order.

The S then indicates whgher the comparison stimulus is grester
than, or less than, the prescribed stsndard/comparison rstio,
The half-loudness point is taken as the level of the compsrison
stimulus which yield 50% "“grester" Jjudgments end 50% "less"
Jjudgments.

The PFrsctionstion snd Multiplication procedures have often
been used in the determinstion of 2:1 snd 1l:2 loudness-intensity
relations (Churcher, King, snd Devies, 1934; Gerner, 1952,

1954, 1959; Geiger snd Firestone, 1933; Hem, 1956; Hem, Biggs,

end Casthey, 1962; Pollack, 19513 Richards, 1968; Robinson, 1953,
1957; Rschevkin & Rabinovitch, 1936; Stevens, Rogers, & Herrnstein,
1955).

The technique of Ratio Estimstion, although advoceted for
construeting rstio scsles (Stevens, 1958), has generslly not
been used. The procedure invloves the presentation of two or
more stimull, with S estimating the loudness retio between the
two sensations. McRabert, Bryaﬁ, snd Tempest (1965) obtained
reatio estimates of fifteen psirs of tones st 1000 Hz. The
greatest intensity difference between the two tones in & psair
was 50 4B (30-80 dB SPL), wheress the smallest intensity diff-
erence was 10 dB. Twenty-~five estimates per peir were obtained.
To insure 8 minimum of biass, each S made only one loudness

estimste. McRobert et. al. (1965) found that the obtsined
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ratio estimstes were not consistent with those estimates
predicted by previously obtained loudness functions when the
inter-stimulus differences were large, but were found to be
somewhat less. It was further found that the differences between
their dsta snd previous dats incressed ss the inter-stimulus
differences incressed. When the stimulus differences within

8 peir was approximstely 15 4B or less, previous findings

could be spproximsted by their obtained dsts.

Within the last decade the Method of Numericsl Magnitude
Bslsnce has been developed for the scaling of loudnédss (Hellman
& Zwislocki, 1963, 1964, 1968; Rowley & Studebsker, 1969).

The method consists of first obtsining magnitude estimates of
seversl stimulus intensities. No modulus is sssigned, and S
is free to choose whatever number he feels is proportionsl to
the loudness. In s subsequent test session, s Magnitude
Production procedure is initisted. The numbers in this latter
session, in turn, sre chosen from the group medisns obtained
from the previous magnitude estimetes. The dsta from the
two procedures sre combined by tsking their geometric mesns.

Generslly, the results from the above studies desling with
1000 Hz tones hsve indicated that loudness at this frequency
grows ss a power function (linear ofA log-log coordinstes)
of the stimulus intensity (Stevens, 1957c¢), end that 2:1 loud-
ness changes sre equivalent to approximstely 10 4B from 30~
100 4B SL (Robinson, 1957; Stevens, 1955, 1956, 1957as, 1957b;
Stevens & ioulton, 1956; J. C. Stevens, 1958; J. C. Stevens &
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Tulving, 1957). In this regsrd, the exponent of the loudness
power function has been sccepted ss spproximately 0.54 for
sound pressure, snd 0,27 for power (Hellmsn & Zwislocki, 1963;
Lochner & Burser, 1962; Rowley & Studebsker, 1969). Figure

1 shows the loudness function for 1000 Hz tones.

The form of the loudness function implies that it is
possible to predict loudness relations between any two points
on the intensity continuum. Accordingly, as the 10 dB rule
predicts s 10 dB inter-stimulus difference would be perceived
8s 8 2:1 loudness: ratio, 3 20 4B difference as 8 4:1 loudness
ratio, sand a 30 dB difference 8s sn 8:1 rstio, end so on.

Certain nuissnce psrameters srise in the scaling of
loudness by the various techniques. The most influential of
these are: order effect, centering effect, stimulus renge,
context, snd magnitude of the stsndard stimulus.

The order effect occurs when s pair of sounds sre hesrd
consecutively. When this occurs the first stimulus will appesr
less loud then the second, even if both are of the ssme intensity.
Robinson (1957) found that the order effect incressed ss
the loudness level incressed, although the perceived differences
at the higher loudness levels (100 phons) did not smount to
more than 2 dB. He further indicated thet the order effect is
evident in experiments desling with equal-loudness judgments.
These effects, in turn, can be bslanced by presenting the
stimuli in rsndom order.

The centering effect is considered a8 subjective resistance
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to remote levels of s comparison stimulus often found using

the Fractionation and Multiplicstion procedures. For instance,
if during s Multiplication procedure the S was required to

double the loudness of sn intense standard, the dB incresse

for 2:1 loudness would be low relative to the difference

obtsined when the stsndard wss of moderste intensity. Using

8 very low standard, the reverse would occur. Thus, the
centering effect may be interpreted as a preference for moderste
intensities (Robinson, 1957; Stevens, 1955).

It is often seen (Ham, Biggs, & Csthey, 1962; Ltevens,
1955) that there sre systematic depsrtures between the dB
changes relating 2:1 and 1:2 loudness along the intensity
continuum, The differences (the frasctional/multiple snomely)
cen be explained in terms of the centering effect (Robinson,
1957). The differences between Fractionstion and Multiplicsation
are seen psrticularly when the standerd stimulus to be fraction-
ated or multiplied is low (in dB SL), or high, with the diff-
erences decreasing ss the stsndards spprosch sbout 85 4B SL
at 1000 Hz (Robinson, 1957), Stevens (1957s), in an experiment
which combined hsalvirg snd doubling, showed the sane effect.

At low levels the dB changes were grester for doubling loud-
ness than for hslving, and st the high levels the reverse was
true. Nesr the middle of the rasnge halving snd doubling of

loudness tended to sgree. Stevens (1955) indicated that the

centering error could be ascertsined snd aversged out by 8
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balanced procedure where each stimulus served once as the
standard and once ss the varisble.

Robinson (1957) indicated that the centering effect was
not the same as the order effect. The former was directly
dependent upon the intensity level, wheress the latter was not,

Seversl investigstions desling with the judgment of loud-
ness (Engen & Levy, 1958; Stevens, 1956; Tabory & Thurlow,
1959) have found differences in their subject's subjective
estimates sssocisted with the stimulus rsnge of their exper-
iments.

Stevens (1956) found that when the range c¢f the variable
stimuli on which magnitude estimates could be made wss in-
creased from 70 to 96 dB, differentisl results were obtained.
The vsrisble stimuli ranged from 30- 100 4B SPL in the first
experiment, snd 30-120 4B SPL in the second, All stimuli
were 1000 Hz tones. A standard stimulus of 80 4B SPL was
gssigned the modulus "10" in the first experiment, snd 8 90
dB SPL tone the same modulus number in the second experiment.
Stevens found that when the range was incressed the subject's
estimates were over-estimsted (re the 10 4B rule) at the higher
intensities and under-estimated st the lower intensities.
Engen and Levy (1958) found that the stimulus range did not
affect the form of the obtsined loudness functions when the
"Constant-Sum" technique was used. In sanother experiment,
however, Engen snd Levy (1958) found that when the stimulus
range was curtsiled from 25-75 4B SL to 55=75 4B SIL, snd all
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judgments were made relative to a fixed standsrd (75 dB SL),
the exponent of their obtsined loudness functions incressed.

In 3 somewhat different vein, Tabory snd Thurlow (1959)
found that s subject's msgnitude estimates could be influenced
by his renge expectancies. The experiment invclved two
stimulus ranges (30-90 dB SL snd 70-90 4B SL) of stimuli st
1000 Hz. Two groups of subjects were employed. At the beginning
of 8 test session both groups were presented the end-points
of esch renge, and told that the lower stimulus was cslled
"50", the louder "60." However, a different set of instructions
were given to esch group. One group was told that some
subsequent stimuli might fall outside the 50-66 range (open
set), the other group that the subsequent stimuli would be
contained within the prescribed numericsl range (closed set).
It was shown that for both stimulus ranges thst lower magnitude
estimates were obtained from the group with the open set of
instructions.

Stimulus spacing eppesrs to have little effect upon the
Jjudgment of loudness when using the methodsof Magnitude
Estimation (Beck & Shsw, 1965; J. C. Stevens, 1958; Stevens,
1956) and Ratio Estimstion (Engen & Levy, 1958). On the
other hand, the effect of stimulus spacing is quite large when
the method of Constent Stimuli is used to determine half-
loudness Jjudgments (Garner, 1954).

J. C. Stevens (1958), using magnitude estimstes of white-

noise, found thst the obtasined loudness functions were relstively
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insensitive to stimulus spscing. In the experiment four
stimulus spacing arrangements were included, each covering
8 range of from 40-100 @B SPL., The modulus for all the
ranges was 80 dB SPL, and wss assigned the number "10.,"
Engen snd Levy (1958), using ratio estimates of 1000 Hz
tones 8lso found that the inter-~stimulus difference (either
5 or 10 dB) had little effect upon the obtsined loudness
functions,.

In 8 study designed to show how the stimulus ensemble
could bias the judgment of one-half loudness Jjudgments using
the Method of Constsnt Stimuli, Gesrner (1954) used the ssme
standard (90 dB SPL 2t 1000 Hz) in esch of three non-overlaspping
stimuli ranges (55-65, 65-75, and 75~85 dB SPL). He found
that for the three ranges the obtained half-loudness points
spproximated the middle of the compsrison stimulus range.

The magnitude snd placement of the standard in the Method
of Maznitude Estimation is snother biss encountered in the
scaling of loudness. Jones and Woskow (1966) found thsat o
remote standard relstive to the vsrisble stimuli invarisbly
reduced the power function exponent. Hellmsn and Zwisloeki
(1961) found thet low sensation level tones which were sssigned
hizh modulus numbers produced loudness functions which were
steeper below the reference thst above it, On the other hsnd,
when high sensstion level tones were sssigned low modulus

numbers, the reverse occurred.,
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Placement of the stsndsrd stimulus 8slso sppears to
have some differentisl effects using the Frsctionation and
Multiplication procedures. Robinson (1957) found thst when
the dB chansge to halve or double the loudness of a 1000 Hz
tone was meassured, differentisl results were found at verious
points alon:; the suditory continuum. The 4B changes were
maximal 8t about 55 4B SL, snd minimal at sbout 90 4B SL.
5tevens (1957a) found the change to be highest at 60 dB SL,
and lowest 8t 90 dB SL. Stevens (1957s), however, only
obtsined these results from doubling judgments, and not from
halving.

Stevens (1955) indicsted that the practice of everaging
decibels was spt to produce s biss becsuse the loudness function
was not linesrly related to dB. To obtsin an unbissed mesn,
he indicsted that it was better to transform sll 4B values
to loudness units (sones), and then average. Robinson (1957)
pointed out,_however, that this procedure might be erroneous
since it sssumed a common loudness function for 8ll individusls,
Robinson indicsted thst s subject's median score should be
utilized in such instances.

The sceling of loudness by the conventionsl spproaches
has not been restricted only to 1000 Hz tones. Other stimuli
which have been scaled include 250 Hz tones, 1000 Hz tones
st low senseation levels, snd white-noise, smong others.

Hellman and Zwislocki (1968) used the method of Numericsl
Magnitude Bslance in the scaling of 250 Hz tones. Initislly,
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each S made masgnitude estimates of nine stimuli from 4-70
dB SL. In the Magnitude Production phase, nine number de-
rived from the obtsined magnitude estimates were given to the
Ss. When the obtained loudness scale for the 250 Hz tones
were plotted on the same coordinstes as the 1000 Hz function,
the former function wss displaced by spproximsately 13 dB upward
in intensity. This, of course, was due to the higher sbsolute
threshold for the 250 Hz stimuli. However, both functions
grow st approximstely the ssme rste, i.e., have the same slopes.
Melnick (1969) obtained magnitude estimstes of 250 Hz tones
for both normal and pstholoricsl hesring subjects. The obtained
functions were found to be curvilinesr on log-log sxes to
40 4B SL for both groups of subjects., Above this level both
groups exhibited power functions. The slope for the normsl
hearing subjects was 0.%9, and for the sbnormal subjects
(staspedectomized), O0.34. Melnick (1969) concluded that
maznitude estimetes of loudness could not differentiste between
the normal snd psthologicsl croups. Hellmen snd Zwislocki
(1968) obtained a8 slope of 0.51 for their 250 Hz loudness
function.

Seversl investigetions (Pollack, 1951; Poulton & Stevens,
1955; J. C. Stevens & Tulving, 1957; Stevens, 1955, 1961)
have shown that loudness relastions for white-noise stimuli
sre quite similar to 1000 Hz tones. Pollsck (1951) instructed
his subjects to adjust the intensity of s variable stimulus

to sound one~hslf or twice ss loud 8s seversal stsndards.
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The results indicsted that 2:1 loudness changes were nesrly
equivslent to 10 dB for the entire stimulus range., Stevens
(1955) and Stevens snd Poulton (1956) both indicated that
the dB chanses necesssry for a 2:1 loudness rstio of white-
noise stimuli were relstively independent of the stsndsrd
intensity level, snd that the mean vslue was approximately
8.4 4B,

Using the method of Magnitude Estimation with and without
a3 modulus, Stevens snd Tulving (1957) found that the loudness
function for white-noise was the same as that of 1000 Hz
stimuli, snd that s twofold increase in loudness wss equivalent
to 10 4B from 50-110 dB SPL. Stevens (1961) indicated
that the loudness function for white-noise from 30-100 dB SPL
is spproximately 12-15 phons greater than the 1000 Hz function,
However, at these levels the slopes sre nesrly equivalent.

Although the genersl shape of the loudness function is
well established for 1000 Hz tones at 40 dB SL snd sbove,
the shape of the function below 40 4B is somewhst in doubt.
Hellman snd Zwislocki (1961) found that below 30 dB SL the
loudness function became progressively steeper. Hellman snd
Zwislocki (1963) further found thsat in the vicinity of threshold
the loudness was directly proportionsl to the stimulus level.
Lochner and Burger (1961) indicsted that the curved section
of the loudness function below 30 dB SL wes due to mask-
ing by physiologicsel noise. They hypothesized thst under

quiet conditions physiological noise determines the threshold
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of sudibility for 8 psrticulsr stimulus. This physiologicsal
noise, in turn, reduces the loudness for s psarticulsr
stimulus by a constant amount across the intensity continuum,
In the ares of the audible threshold, & constant loudness
reduction is much uore influentisl than st the hisher levels,
and this relation is indicated by the steeper functions below
40 4B SI.

Within the lsst decasde 8 new method of multidimensionsl
scaling has been developed (Shepsrd, 1962a, 1962b). The
procedure, the Anslysis of Proximities requires only thst some
number be sassigned to represent the psychological distance
between each of the psirs of stimuli slong the continuum of
interest. These numbers, called "proximity messures”, are
ssid to be greatest in proximity when both stimuli in s psir
are judged to be relstively the ssme magnitude, and have less
proximity ss the distances between the subjective sensations
increase. Shepasrd (1962b) indicsted thet the objective of the
analysis was to find "an approoriste spstial confiiurstion of
the N stimuli, represented ss points in Euclidien spsce of
minimum dimensionality. By an 'sppropriate"configuration here
is mesnt one in which the distances between points sre mono-
tonicelly related to the originsl proximity measures®. (Shepsrd,
1962b, p.210). Accordingly, those stimuli slong the continuum
which sre judged most similsr should be separated in space
by the smallest distance, sand vice verss.

As concerns the role of the Analysis of Proximities in
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the scsling of loudness, it offers features not encountered
using the conventionsl scaling techniques. Of prime import-
ance in this regasrd is that esch stimulus point can be relsted
to every other stimulus point directly in the form of the
spatisl configuration (or proximity plot). This, of course,
can only be implied using conventional scsles,

The present study utilized a modificstion of the Analysis
of Proximities which was designed to find a spstial confis-
urstion whose points were proportionslly related to the originsl
proximity messures. The proximnity measures were obtzined from
ratio estimates made between sll stimulus combinastions in 7x7
matrices. The modificstion differed from the originsl snalysis
in two espects. The first was that a fixed transformation wss
imposed relating the plotted distance to the proximity measures.
The transformstion imposed defined the proximity messure sas
log2 of the obtasined ratio estimste. Utilizstion of this
transform was based upon previously obtained loudness functions,
whose linesr unidimensionsl form on log-log coordinstes implied
that 8 stresizht line would be obtained 8s 8 solution to the
Analysis of Proximities if the log-transform were used, i.e.,
each time the loudness were doubled would be equivalent to
snother distance unit in spsce, snd the loudness relation would
be completely sdditive . (By additive here is meant thst
ratio estimates made over longer inter-stimulus spscings would
be the sum of 1its component estimstes). Thus, the log-

trsnsform insured s direct compsrative anslysis between the
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obtsined proximity plots and the configurations implied by
the 0.54 power function. In contrast, Shepsrd's originsl
snslysis first found the tresnsformation, and the points were
plotted with relstion to it.

The second feature of the modified Analysis of Proximities
was 8 standsrd statisticsl test which considered the subject's
response varisbility, thereby providing s messure of the
quality of the proximity anaslysis ss s description of the dsts.
The test used was the Chi Square, and it evalusted the
differences between the predicted distances (ss measured on
the spatial configurations) and the obtained rstio estimstes.
The measure of varibility included within the test was the
varisnce of the mean ratio estimstes between subjects for
esch matrix cell., Shepsrd's originsl snalysis did not in-
clude deta on varisbility, but simply utilized mesn velues.

The objective of the present study wses to utilize the
modified Anslysis of Proximities in the scaling of loudness
in order to see if the 0,54 power function provided en
adequste description of loudness relstions between stimuli
using the method of Ratio Estimstion. Esch stimulus condition
tested (1000 Hz tones with vsrious inter-stimulus spscings,
white-noise, 250 Hz tones, and 4000- snd 1000 Hz tones
at low sensstion levels) wss represented by seven stimulus
intensities, and ratio estimates were msde between each of

these values in 7x7 matrices.,



19

In those conditions where moderate to intense 1000 Hz
tones were utilized, seversl matrices which differed in their
inter~-stimulus intervals snd oversll ranges were included.
These matrices were deéigned to test the effects of stimulus
spacing snd range on the Jjudgment of loudness. Also, from
these matrices ansalyses of both inter- and intrs-subject
verisbilty wass obtained. Included in these lastter snslyses
were mesasures of the response varisbility within one session,
between sessions, and in the iwmposed judzmental resvponse
mode placed upon a subject, i.e., the first tone Jjudged re
the second tone, or vice versa.

Matrices contsining other thsn moderste to intense 1000
Hz tones were included for vsasrious reasons. Those contain-
ing 250 Hz and white-noise stimuli were included to see if
loudness power functions of these stimuli provided sn adequate
description of ratio estimstes made between various points
on the intensity continuum,

Those matrices contsining low sensstion level 1000~
and 4000 Hz tones were designed to test seversl loudness relstions.
The first objective wss to investigate the rapid growth of
loudness st close to threshold levels for 1000 Hz tones using
the Ratio Estimation method combined with the Analysis of
Proximities. Whether the obtsined proximity plots for 1000
Hz tones differed for high 2nd low sensation levels wes of
prime importsnce becsuse previous investigstions (Hellmsn
& Zwislocki, 1961; Lochner & Burger, 1962) have shown loud-

ness st this frequency to grow more rapidly st low sensation
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levels than st moderste to intense SL's.

The second objective of using low SL stimuli wes to
compare the 1000- snd 4000 Hz proximity plots in order to
sscertsin whether the two configurations differed smong
normsal hesring individusls., These data could be used ss
bsselines in the evalustion of sursl psthology, because
recruitment of loudness ususlly occurs st levels just above
threshold for individuals with cochlesr disorders. Since
recruitment is most prevslent at the higher frequencies, it
mizht be expected thst s subject with cochlear pathology,
who performs ratio estimates at low sensation levels, would
give essentislly the sasme results ss normals st 1000 Hz, but

differentisl results st 4000 Hz,



CHAPTER 1I
METHOD
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II. METHOD

SUBJECTS

Twenty normsl hearing subjects (Ss), ss determined by
Bekesy sweep-frequency sudiogrsms, were used. Ten of the
subjects were used in Experiment I, Matrices A-~D, and the
remaining ten in Experiment II, All subjects at the outset
were nasive 8s regards the judgment of loudness. The mesan
sge for both groups was aporoximately 23 years. All were

either graduste or undergraduate college students.

PROCEDURE

Prior to the initiastion of & test session, it was
necessary to first determine esach subject's threshold for
the stimulus of interest, and then adjust the test stimuli
to the correct sensation levels., Two methods were used.
In those phases of the study where moderate to intense 1000
Hz or 250 Hz were used, threshold was determined by Bekesy
fixed-~frequency sudiogrsms (Grason-Stadler E-800 Bekesy
Audiometer), where the medisn of the excursions was used ss
the threshold. Sensstion levels were then set relative
to the obtained sound pressure levels at the S's threshold.
A somewhat different technique was used for the white-noise
stimuli and the low SL 1000 Hz snd 4000 Hz tones. During
these phases threshold wes found, and SL set, by 8 tape

recorded series of 0.5-sec presentations of the sppropriste
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stimuli (25 msec rise-fall time). These stimuli were, in
turn, recorded at the highest intensity thst s particulsr
stimulus tape contsined. By attenusting the level of these
tone presentations to threshold, SL could essily be set by
decressing the sttenustion "X" dB., For example, if the high-
est stimulus level within s phsse were to be 70 dB SL,

this level could be obtained by decressing the sttenustion

70 @B sfter the initial threshold determinstion. This

latter technique of threshold determination was especisally
useful using low SL stimuli becsuse the desired level could
be set immedistely before the actusal test session, snd on

the ssme recording playback system. This, of course, is

of utmost importsnce when considering the effects of threshold
shift st low sensation levels,

Generalized Administrstion of Experiments I snd II. Both

experiments consisted of monsurslly presented stimuli. 1In
order to eliminste sny possible bisses introduced by trensients,
81l stimuli hsd 25 msec rise-fsll times (Grsson-3tadler 829E
Electronic Switch). Experiment I included 1000 Hz tones of
moderste to intense levels, and Experiment II included white-~
noise, 250 Hz tones, and 1000 Hz and 4000 Hz tones st low
sensation levels.,

Stimuli were presented ss pairs of tones (or noise)
of differing intensity. The subject's tesk was to perform
8 ratio estimste, i.e., to estimate the loudness of the first

tone relative to the second tone, or vice verse. The



24

stimuli pairs were presented randomly, snd were chosen from
7x7 matrices of stimuli,

A stimulus sequence wes initisted with s 1l.5-sec tone
(or noise), followed by 0.5-sec of silence, and then by
another [/.5-sec tone, The inter-sequence time was 5-sec.
During this time the subject recorded his ratio estimste
on a provided snswer sheet. Following every 1oth psir
8 1l0-sec psuse was introduced before the next pair to aid
the S in coordinating his answers with the actual test psir.

Presentation of the matrices differed somewhat from
Experiments I to II. During Experiment I four test sessions
were included, whereas in Experiment II only two test sessions
were included. Esch test session consisted of the entire
stimulus matrix being presented to S twice, with S Jjudging
Tone A re Tone B (or B re A) on both occesions. During two
of the test sessions in Experiment I, S judmed Tone A re
Tone B, and in the remaining sessions Tone B re Tone A.
In Experiment II, one A re B end one B re A session were
tested., The first complete presentstion of s matrix within
a session is referred heresfter &s Replication 1, and the
second as Replication 2.

Ten prsctice trisls preceeded a8 new dasy's sessions, and
two sessions per dsy were tested.

Experiment I. Included within this experiment were four

7x7 matrices of stimuli st 1000 Hz. Esch mstrix differed ss

regasrded its stimulus range, and inter-stimulus spscing.




25

However, each of the mstrices contgined stimuli which were
common to the other three. Matrix A covered a rsnge of
from 30-90 dB SL in 10 4B intervals. Matrix B resnged from
40-70 dB SL in 5 dB steps; Mastrix C wes from 40-55 dB SL

in 2.5 dB steps, 8snd Matrix D covered s 30-90 dB SL range
in irregulsr steps (30, 40, 45, 47.5, 55, 70, and 90 4B SL).

Figure 2 shows 8ll matrix ranges used in Experiment T.

60

MATRIX A X 1 i° i ki o

40 43 S0 33 (. {¢] 3 70
MATRIX B ( ] i [ — N

40 43 o] 33
MATRIX C i1 1.1

30 40 45 473 33 70

MATRIXD | ] L1 L i

Fig. 2. Mstrix ranges for Experiment I,

During the administration of Experiment I, the matrices
were presented in a preselected rsndom order, Thus, Mstrix
A wgs presented first, followed by Matrices C, D, snd B,
respectively.,

Experiment II. Four 7x7 mstrices were included in

this experiment. As before,the Ss made their rstio estimstes
on provided snswer sheets. Matrix E consisted of 250 Hz

tones which covered s stimulus rsnge of from 10-70 dB SL in

10 4B steps. Matrix F was composed of white-noise stimuli

from 40-70 @B SL in 5 dB steps; Matrix G of 4000 Hz tones
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from 10-40 4B SL in 5 4B intervaels, and Matrix H of 1000
Hz tones from 10-40 4B SL, also in 5 steps.

APPARATUS

All stimuli were recorded on sn Ampex PR-10 tape record-
er. A block representation of the recording equipment may
be seen in Figure 3.

The stimulus recording spparatus was set up so that
Interval Timer 1 wss triggered by the controlled output of
Interval Timer 2, and vice versa. When triggered, these
timers sctivsted their respective electronic switches, which,
in turn, psssed the stimulus through the attenustor snd
filter to the input of the tape recorder. Thus, the left
hand side of the circuit controlled the length and intensity
of the first tone, and the right side, the relevsnt psremeters
of the second tone.,

During the recording of s stimulus matrix the highest
stimulus value that could be introduced onto the tape with-
out producing distortion was found with no sttenustion, snd
the other six velues were set at "X" dB down from that point.
For @&xasmple, if the highest stimulus value waes to be 90
dB SL, this vslue was arbitrsrily assigned the highest
non- distorting input voltage. A stimulus at 70 4B SL
would then be recorded by the introduction of 20 4B stten-
uation. The foregoing process insured the utilizstion of

the complete dynamic renge of the tape.
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Fig. 3.

Block representation of the recording equipment.
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Calibretion of the attenustors a3t the input to the
tape recorder showed an error of approximstely + 1.0 4B to
=50 @B re 8sn input voltage of 1l.47 volts. DNeen values may

be seen in Tsgble 1.

Tseble 1
Cslibration of Attenuastors at Input of

Tape Recorder

dB re 1,47 volts Voltage Error
0 daB 1.47 v.

-20 4B 0.15 v, O.4 dB
=40 4B 0,017 v. 1.5 dB
=50 dB 0,005 v. 1.0 @B

A block disgrsm of the playback spperastus is seen in
Figure 4, The equipment was set up so thst five individuals
could be run simultsneously.

In order to check the sttenuation characteristics
of esch stimulus tape through the entire playbsck system,
calibration tones were recorded st each of the seven in-
tensities associated with 8 given matrix. These calibrstion
tones preceeded the test stimuli, snd were 30-sec esach.

Table 2 shows the sound pressure levels (B&K 2203 SPL meter
snd Octave Band Filter) recorded at each of the five earphones
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Fig. 4. Block diasram of the playback spparatus.
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with incressing sttenustion for Mstrix A (1000 Hz).

Table 2 shows that all esrphones displayed good linesrity
in their SPL responses to increasing asttenustion. Also, the
largest difference displayed between sny of the esrphones
st O @B sttenuation wss only 3 dB.,

Each sttenustor was checked by playing a 1000 Hz tone
at O dB sttenustion (0.44 v. at the earphone) through the
system, and then increasing the attenuation in 10 dB steps.
This procedure showed each attenustor to be within + 1.0 dB
to -60 dB.

For those phsses of the study where 250 Hz, 4000 Hz, snd
white-noise stimuli were used similar calibrating procedures
were adopted. These results slso showed little deviation from
linearity 8s the stimuli were asttenuated.

All esrphones were Telephonics TDH-39's mounted in
MX-41/AR cushions.

Dats collection wss made in large sudiometric suite

with an ambient noise level of 33 dBC.
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Table 2
Attenustion Chsrscteristics of Stimulus Tapes and

Responses of Esrphones (in dB SPL) st 1000 Hz

Earphone
1 2 3 4 5
%83526.44v) 102.5 102.0 100.5 99.5 102.5
-10 dB 92.5 92.0 90.5 89.5 92.5
-20 aB 82,0 82.0 80.5 79.5 82.5
-30 4B 72.0 72.0 70,5 69.5 2.5
-40 4B 62.0 62,0 61.0 59.5 62.5
-50 dB 52,0 52,0 51,0 49,5 52.5

-60 4B 42,5 42,0 41,0 39.0 42,5




CHAPTER III

RESULTS
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ITI. RESULTS

Prior to the presentation of the dats, it is instruct-
ive to present the formst for the specification of a mastrix
cell, Esch cell will be designasted by s number which rsnges
from 1-28 in the top half of the metrix, snd 1L to 28L in
the lower hslf. PFigure 5 shows how esch cell in a 7x7 matrix
is classified, It can be seen thast the opposite cells in
both the upper snd lower halves sre designsted by the same
number, with the lower half cell having the number followed
by the letter "L". Throughout the remeinder of the study,
only the upper half cells of s matrix will be presented for
clsrity, with the understanding that the lower hslf cells
hsve been included in the result. In esch instance a spec-
ificastion of the statisticeal procedures used to equate the
value of the lower cell to thst of the upper cell, or vice
versa, will be given. This procedure is used to keep the
values of the ratio estimates st 1.00 and sbove, &nd so
svoid confusion by the use of fractions.,

Experiment I. Tebles 3~6 show the oversll mesn rstio

estimstes for Matrices A-D, respectively. These values were
obtained by tsking the reciprocal of the Tone A re Tone B
sessions for each subject, and then averaging these results
with the values of the Tone B re Tone A sessions. To convert
8ll vslues to 1.00 or grester the reciprocals of the re-

maining fractional estimstes were‘taken, and used in the
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Fig. 5. Format for the specificstion of each cell

in 8 7x7 matrix.
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Grand lMesns for Matrix A
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DB SL Louder Tone

30 40 50 60 70 80 90
30 1.00 1.3% 2,02 2.61 3,25 4,61 7.90
o 40 1.00 1l.43% 1.97 2.37 3,77 7.23
é 50 1,00 1l.47 2.24 3,25 5,88
.g 60 1,00 1.58 2.71 5.58
2 70 1,00 2,00 4,45
A 80 1.00 2.95
90 1.00
Table 4
Grend Means for lMatrix B
DB SL Louder Tone
40 45 50 55 60 65 70
40 1.01 1.15 1,60 2,19 2.49 3,29 3,90
45 1.00 1.19 1.74 2.24 2,78 3,27
& 50 1.00 1.23 2.03 2.36 2.99
; 55 1.01 1.30 2,03 2.67
.§ 60 1.00 1.41 2,21
g 65 1.00 1.45
70 1.00




Table 5

Grand leans for Mstrix C

36

DB SL Louder Tone

40 42,5 45 47.5 50 52.5 55
40 1.01 1.33 1.47 1.83 2.27 2.75 3.0%
g 42.5 1.01 1,13 1.52 1.91 2.36 2.81
o
& 5 1,02 1.15 1.71 2,00 2.45
g 47,5 1.01  1.32 1.88 2,09
& 50 1.04  1.34 1.75
& 52.5 1,02 1.31
55 1.03
Table 6
Grand Means for Matrix D
DB SL Louder Tone
30 40 45 47.5 55 ” 90
30 1.00 1.62 2.06 2.71 3.69 % 10.30
9 40 .01 1,19 1.40 2.08 3,49 8.60
o
i: 45 1,01 1.09 1.63 2.69 8,03
)
.§ 47.Ho 1.00 1l.44 2.76 8.74
a 55 1,01 2.12 7.09
a 70 1.00 5.14
90 1,00
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grend sversges. Sixteen responses per subject per cell were
obtasined, and esch sverage represents the mesn of 160
responses.

To illustrate the sbove process, s brief exsmple will
be given. When the subjects were judging the stimuli A re
B, the top hslf of s mstrix contsined the fresctional estimates,
snd the lower helf, the estimates of 1.00 or more. To
combine the dsta, first the reciprocals of the entire mastrix
judged under the A re B condition were taken. Thus, two
matrices were obtained with the grester thsn 1.00 estimates
estimstes in the upper half and fractional estimates in the
lower half. To rid the dasts of these remsining fractionsl
estimstes, their reciprocsls were tsken. This final process,
in essence, folded both matrices. The dats from the two
response conditions could then be added for each stimulus
combingtion. For exsmple, if for the 30-90 dB SL stimulus
combination the subject reported ratio estimates of 0.20 and
5.00 for the upper snd lower cells (respectively) under the
A re B condition, snd 5.00 and 0.20 for the upper and lower
cells under the B re A condition, the dats for the A re B
condition would be first inverted to insure that the grester
than 1.00 judgments were in the upper matrix hslf. To rid
the dsta of the two remsining 0.20 estimstes, their reciprocsls
would be tsken, snd sdded to the two 5.00 estimates. The
sbove exsmple is illustrative of the situstion where only

one ratio estimete per cell is obtesined before the inverting
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snd folding process. In the study four ratio estimates
per cell were obtsined before inversion asnd folding, and
therefore 16 measurements for each stimulus combinstion
were obtained.

Teble 3 (listrix A) shows the grestest mesn rstio estimate
given was for the 30-90 4B SL stimulus combinstion (7.90),
snd that no reversals in the meen ratio estimetes between
adjacent stimuli were obtained, i.e., as the louder tones
increased in intensity for 8 psrticulsr lower tone, the
ratio estimastes became lsrger. In like manner, as the lower
tones incressed, the rstio estimetes for the louder tones
decressed, Tsbles 4, 5, and 6 show the same relationships
ss Tsble 3, slthough 3 reverssl does occur st cell 22 in
Matrix D, The highest ratio estimste in Mstrix B is 3.90,
which occurs with the stimulus combinstion 40-70 4B SL. In
Matrix C a ratio estimste of 3,03 is obtained from the most
divergent stimuli, snd Matrix D shows & mesn judgment of
10.30 for the 60 4B inter-stimulus difference.

Table 7 compasres the mesn ratio estimstes of stimulus
pairs common to Mstrices A-~D, The table is srranged so thst
the top value within s cell indicstes the judgment for Mstrix
A, the second line, Mstrix B, end so on., A strsight line
within s cell denotes thst particulsr matrix did not contein
thst stimulus combinstion. It is seen that for the common
stimulus pairs the results for Mstrix C are slwsys grester

than Mstrix B, which is grester than Matrix D, snd, in turn,



Table 7 39
Means of Each Cell for Matrices A=D

DB SL Louder Tone
30 L0 42,5 | 45 Lh7.5] 50 52.5] 55 60 65 70 80 90
1,00 |1.34 - - 2,02 - 2,61 3,25 Le61] 7.90
30§ |2 I D I B D D
.00 _1L062 2 006 2 611. - 3 069 - 006 - 10 Ogo
1.00 - - - 1.’43 - - 1097 - 3 7 5.7: ]
4o 1.01 |- 1.15] - 1.60] - 2,19 |2.49 ] 34291 390} - -
1,01 | 133|171 1483 2627} 2.75] 3403 | - - - - -
1.01] - 1.19{1.40] - - 2,08 |~ - 349 | = 8 460
k2.5 1.0t fraasf1.s2 ] 191 2,36  2.61
,.&5 1 000 - 1 019 - 1 t7)4 2 02,4 2 078 ;.27 :
1.0211.15})1.71] 2,00} 2445 | = - - -
1.00|1.09} - - 1.63 |- - 2,69 8.03
g 17.5 1.01 | 1.32]1.88 | 2.09 - -
& 1 0 - - 1 2067 80
%)' 1 .00 - - 1 ohé - 2 02)4 3 02§- g oga
550 1.00 - 1023 2003 2036 2099 - -
1.04f 1341675 |- - - - -
A - - - - - - - -
[/p] - -
B 52.5 1.02 {131
1.01 |1.30| 2.03] 2.67 -
55 1,03 |- - - -
1.01 - - 2012 (3
1,00 - T.58 | '5.71"'"'%.%‘
6 1000 10)41 2021 - -
O - - - - -
65 .1_.00 {.us
1.00 [ 2.00[ L.LS
70 il e e
ooo - 1
1.00] 2.9
80 I I
1.00
90 -




40

greater than Mstrix A. Thus, disregsrding Mstrix D (for
it hes irresulsr inter-stimulus specing), it msy be seen
that 8s the inter-stimulus spscing is decreased, the higher
the ratio estimate for a common psir of stimuli. For example,
the 40-50 dB SL stimulus combinstion yields Jjudgments of
l.,4%, 1.60, and 2.27 for Matrices A, B, and C, respectively.

Figures 6-8 show the results of Tables 3-6 grsphically.
In these figures the dsts are plotted so that each row of the
matrix is shown with the lower stimulus being the parsmeter
of the curve, and the higher tone the sbscisss. the obtained
retio estimstes sre plotted logarithmically. Figure 6
(Matrix A) indicstes that four of the curves (Lower Toness
30, 40, 50, snd 60 dB SL) csan be represented by a linear
function to aspproximately 75 dB SL. At that point these
four curves sppesr to exhibit s knee, and then accelerate st
an even grester slope. In those curves where the lower
stimulus is equal to either to 80 or 90 4B SL,no knee is
exhibited. The slopes for Matrix A incresse from 0,27
to 1.00 ss the value of the lower stimulus increases.

Figure 7 indicstes thst the six functions for Mastrix
B csn 8ll be represented by power functions (linesr functions
on log-log coordinstes). No knee is seen for any of the
curves. Again, the slopes of sdjacent slopes increase as the
intensity of the lower stimulus incresses. The range of
the slopes is from 0.40 to 0.64,

Figure 8 (Matrix C) shows, once segsin, that the functions
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Fig. 6. Ratio estimastes for Motrix A as a function
of the dB SL of the higher tones. The lower tone is the
psremeter of each curve. The exponent (n) is equal to
the slope of the curve.
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Fig. 7. Ratio Estimates for Matrix B as s function
of the dB SL of the higher tones. The lower tone is the
porameter of each curve. The exponent (n) is equal to -
‘the slope of the curve.
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Fig. 8. Ratio estimates for Mstrix B ss a fu{lction
of the dB SL of the higher tones. The lower tone is the
parameter of each curve.The exponent (n) is equsl to the slope

of the curve., .
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sre linear, snd that the slope incresses, However, the
range of the slope varistion is not 8ss grest ss in Matrices
A and B.

It is seen thst the medisn slope for Mstrix C is 0.77;
Mstrix B, 0.54, snd Matrix A, 0.40.

Tebles 8~10 show the varisnce sssocisted with the
mesn retio estimstes obtsined from esach of the ten subjects
for Matrices A-C. Generslly, all three tables show thst
the variasnce of the mesn ratio estimates incresse as the
differences between the stimuli in s psir incresse. The
greatest is in cell 7 for all mstrices, with values of 2.46,
1,62, sand 1,06, in Matrices A-C, respectively. A feature of
the varisbility is that it shows a relastion similar to those
found for rstio estimates of stimulus pairs common to two,
or 8ll of the matrices. For common psirs of stimuli, the
variability of Matrix C is grester than Metrix B, which, in
turn, is grester thsn A, For exsmple, with the inter-stimulus
peir 40-50 4B SI the verisnce for Mstrix C is 0.73, for B,
O.42, and A, 0.25.

Tables 11-13 show the obtsined F-rstios of s four-
way Analysis of Vsrisnce for each subject in Mstrices A, B,
snd C., Each factor consisted of two levels., The factors
were: (1) Upper or Lower hslf of the mstrix (U), (2)
Replications (R), (3) Sessions (S), and (4) Judgments A re
B or Bre A (J).

The Upper/Lower factor (U) referred to whether the subject
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Variance of Ten Mean Ratio Estimates (Matrix A)

DB SL Louder Tone

30 40 50 60 70 80 90
30 0,003 0,16 0.3% 0,44 0,65 1,08 2.46
g 40 0.00 0,25 0.3 0,40 1,10 2.58
5 50 0.00 0.20 0.39 0.95 2.09
.§ 60 0,00 0,21 0.60 1.76
@ 70 0.00 0.43 1.77
“ 80 0.00 1.10
90 0.00
Table 9
Varisnce of Ten lMean Ratio Estimates (Matrix B)
DB SL Louder Tone
40 45 50 55 60 65 70
40 0.04 0,14 0O.42 0.57 0.60 1,28 1l.62
o 45 0.01 0.08 0,47 0.57 0,75 1l.22
f 50 0.00 0.17 0.49 0.63 0.95
.g 55 0.01 0.26 0.40 0.93
@ 60 0.00 0.22 0.53
2 65 0.00 0.24
70 0,00
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Table 10

Varisnce of Ten Mean Ratio Estimstes (Matrix C)

DB SL Louder Tone

40 42,5 45 47.5 50 52.5 55
40 0.02 0.28 0.33 0,49 0.7%3 0.98 1.06
o 42.5 0.03 0.14 0.38 0.43 0.64 1.19
§ 45 0,02 0.14 0.41 0,52 0.75
g 47,5 0,02 0.21 0.46 0.48
250 0.04 0.24 0.4l
8 52.5 0.02 0,23
55 0,04
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Table 11

Analysis of Variance Results for Matrix A

Source of Variation F=Ratio

U R UR s Us RS URS J uJ RJ URJ 8J USJ  RSJ

Subj.
1 1462 199 0489 1,80 1463 1.67 0.1 1,37 1.51 1,50 1.1 1.17 1,10 2,05
2 5.13% 3.05% 2.81%  3.40% 1.02 0,97 2.67% 9.25% 2,37 3.57% 2.06 3.3L% 3.,22% 3.L0*
3 L.BO¥ 2,73% 143 2,06 2,36 1.82 2.26 2,54% 2.78% 2.62% 2,39 1,21 3.51% 2,26
L L.26% 1.9 2.08 1.27 2.3 1.3 1.07 LJa0* 1.1 3.30% 1.64 2,34 1.97 2.5
5 1.89 0.0 O.ili 0465 0470 046 0495 163 1427 0469 0667 0461 0477  1.67
6 1.32 1.23 00 0461 2.00 0,69 107 116 1495 140 1.09 197 1.17 0.7
7 7.T1% 3.39% 3.89%  10.50% 1.36  L58% LJi7* 5.U8% 1,93 2.97* 2.05 B.57% 3.32% 3.86%
8 3.31% 3.20% 0,89 1.91 1,37 2.0  1.57 1.90  3.32% 1,96  1.27  3.31% 0.91 2.08
9 2.8L% 1,22 0,51 2,17 1.3 0,89 04,75 3.78% 1,80 1.09 0.55 3.19% 1.54 1.1k
10 2,18 0.1 0472  1.93 0,79 2.90% 0,53 1.5 0681 156 0489 2.67% 0.50 2017

¢ Sige

(10 ss) 60 Lo 20 20 0 20 20 50 20 Lo 0 50 30 20

% Sig.

(8 ss) 50 25 0 0 0 10 0 Lo 25 25 0 Lo 10 0

# Significant at ® 0.01 df=28/28 (2.46)
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Table 12

Analysis of Variance Results for Matrix B

Source of Variation F-Ratio

U R UR S Us RS URS J UJd RJ URJ SJ UsJ RSJ
§Ubj' 2435 1e54 1406  3.01% 106 1.9 0.80 1.37 0479 1e31  1.09 0.75 0.57 1.7
2 L.37% 1422 0,93 1.3h 0 3.5% 0468 1.3 1.07 2467 1.97 1.6 2.03  0.72  0.94
3 3.03% 1.7 1,08 0.8 1.33 2.51% 1.28 1.64 2.60% 1,02 1.45 0.86 1.01 1.35
L 1.36 05 0459 0,70 1.8 0.87 046 3.00% 1.00 0.82 0479 1.07 0.56 0.LS
5 1.80 1.58 1436  0e7h  Ou7h 0482 1.9 1479 0e6h 1403 OdiB 0.71 089 0466
6 5.62% 1,57 1499 0462 0,71 1.71  0.75 0.66 1,35 0.70 0.6 1.08 0.60 040
7 3.06%  3.84% 2.81%  6.31% 1.26  LJ5F L.25% L.01* 2.3 2,20 2.39  5.03% 1.0 2.52%
8 1.76 1428 0,85 2,30 1.5 1.21 084 1.5 1,55 0,80 1.23 Ol 1.03 1.32
9 1.91 0,57 Oelil O0BL 0477 188 0488 1423 2,06 0481 0669 0.71 0467 1425
10 7686% 112 012 1421 0497 140 0497 0,70 1413 0.72 1,22 0,81 0.89 1.5
% Sige.
(10ss) | 50 10 10 20 10 20 10 20 20 0 0 10 0 10
€ Sige.
(9Ss) L5 0 0 11 11 n 0 11 22 0 0 0 0 0

» Significant at0.01 df=28/28 (2.L6)
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Table 13

Analysis of Variance Results for Matrix C

Source of Variation F=-Ratio

Us RS URS J uJ RJ URJ SJ UsJ R3J
S;bj° 2.49% 2,28 1.40  3.63% 1.25 2.1 1.47 2.04 1.2 2.65% 1,29 2.31  0.7h 1,78
2 Te26¥ 1,39 1487 1460 1400 2416 0498 2.94% 2,38 1469 1.3 1429 1.77 112
3 1.2h  1.38 0,87  1.85 0461 1,73 1.21 1.28 1.35 1427 1ol 2410 0099 1.2
L 0495 1.1 0.89  1.00 0460 0,77 O0.s6 0469 1.3 2.42 094 0.81 1.34 0467
5 3466% 1466 1421 1.8 2,04 1476 1488  1.77 1.28 0484 1.0 1436 1.35 1.42
6 5.56% 0461 1.35 1.40 0462 1461 0486 0439 1457 2447* 1439 1456 143 1468
7 Le27¥ 1439 1.57 1.66 0,78 1.05 1.46 1.88 2.5 0.89 1.34 3.24% 1.52 1.33
8 1.8 0,67 048 0,69 0478 0.79 038 0449 0437 0467 0s79 0489 0,60 0655
9 1.40  Ouli7 1403 058 0 7L 0,51 0,83 0460 0.h7 0.6 1437 0.6 0.55 1406
10 32.02% 1.99 3.07" 2,29 2,05 2.63% 2,76% 2,32 2,46% 1,52 1.31 1.36 1.33 1.28
% Sige
(10 ss) | 60 0 10 10 0 10 10 10 10 20 0 10 0 0

J

* Significant ato{ 0.01 df=28/28 (2..6)
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was sble to mske equivalent responses to stimuli in

anslogous cells, one in the upper hslf of the matrix, the
other in the lower half. Depending upon the judgment
condition (A re B or B re A) the hslf of the metrix contain-
ing frsctionsl estimates wass inverted, and then the compsrison
made. The Replications Fsctor (R) referred to either the
first or second presentstion of s matrix within a test
session., The Sessions (S) factor wes divided into two levels;
the results of the first day being compared to the results

of the second dsy. The factor A re B/ B re A referred to the
judgment mode thst the subjects responded under, snd to sny
differences between the two.

Esch entry in Table 1l is the F-ratio obtained when
considering 8ll cells in Matrix A, An ssterisk sbove sn
entry indicastes thst the F-rstio is significent st the 0.01
level. The table shows that 60% of the subjects had sig-
nificent results sssocisted with judgments made between the
upper snd lower halves of the matrix., Also, 50% showed
significsnce on the A re B/ B re A factor, snd 40% on the
Replications factor.

Upon closer exsminstion of Tsble 11, however, it cen
be noticed thet some of the percentages may be superfluously
high. This is because two subjects (Number 2 and 7) exhibited
significesnce in nearly all the sources of veristion. These
two subjects hsd extremely small residusl error terus,

which csused their obtsined F-rastios to be inflsted.
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Since the percentsges might hasve been spuriously high
due to the inclusion of the results of these subjects, their
dats were eliminsted, and the results re-snslyzed. These
results sre shown at the bottem of Tsble 11. The new values
indicate that 50% of the eight remsining subjects still showed
significance on the Upper/Lower factor, and 40% for the A re
B/ B re A factor. Also, many of the interactions which
showed 20% significsnce with ten subjects dropped to 0%
with the exclusion of subjects 2 and 7.

Table 12 shows the results for Mstrix B. When the
significance is observed over sll ten subjects, 50 % show
significance for the Upper/Lower fsctor, with the remainder
of the sources showing 20% or less. As in Matrix A, subject
7 shows large F-rastios on meny of the sources of varistion.
Subject 2, however, does not exhibit lsrge F-rstios, and his
data sre in line with the other eight subjects. If subject
7's dsts sre removed, it is seen thst 45% of the subjects
still show significence on the Upper/Lower factor.

Teble 13 shows the percentsges of subjects showing stat-
isticsl significance for Matrix C. Both subjects 2 snd 7 sre
consistent with the pstterns of the other subjects. As
in the two other metrices, the greatest percentsge of sig-
nificsnce occurs on the Upper/ Lower factor (60%), with the
remainder of the percentsges being negligible.

In light of the findings thst & high percentage of the
subjects showed statistical significence on the Upper/Lower
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factor, further snslysis to show where the significence ley
was performed. For sll subjects the mesn of each of the 49
cells in s matrix was computed sepsrately for both the A re
B snd the B re A conditions. A comparison was then msade
between the ratio estimstes given for sanslogous pairs of
stimuli, one stimulus pseir in the upper hslf of s mstrix,
the other stimulus peir in the lower half of the matrix.
Depending upon the response condition, the reciprocsls of
the half of the mstrix with fractional estimstes was tsken,
and compsred to the unaltered snslogous cell. Figures 9-
14 show the results of the foregoing process. Esach point
is the mesan ratio estimate for the ten subjects. The numbers
gssocisted with each data point is the cell number of the
upper cell and its snalogous lower cell. The line represents
a perfect reciprocsl relationship between the upper and lower
cells.,

FPigure 9 shows the results for Mstrix A under the Tone
A re Tone B response condition. It is seen that slmost sll
of the points lie to the right of the reciprocsl relation
line, indiceting that the reciprocels of the rstio estimates
for the upper cells sre less thsn would be predicted from the
lower cells., The cells showing the most divergence from the
perfect reciprocal reletionship sre numbers 5, 7, 12, and 13,
Although s few points lie to the left of the line, most appear
to be quite close to it. One exception sppears to be cell 25,

Figure 10 shows the results of Matrix A under the B re



53

A response condition. The figure indicates that in sll those
cells contsining either sn 80- or 90 dB SL stimulus thst the
points fsll to the left of the line. Thus, in those cells,
the mesn retio estimstes of the upper cells sre grester than
the snslogous reciprocsls. On the other hsnd, when a cell
does not contsin an 80- or 90 4B SL stimulus, the reciprocsl
of the lower cell is grester than the ratio estimste of the
upper cell.

The results for Figure 11 (lMstrix B under the A re B
response condition) sre similsr to Matrix A. Thus, 8sll stimulus
points either lie on the line, or to the right of it. This,
of course, indicates that the mesn ratio estimeste of the
lower cell is grester than the reciprocsl of the upper cell.
The diversence from perfect linearity incresses ss the inter-
stimulus differences become grester.

In Figure 12 (Matrix B under the B re A judgment condition)
the points lying to the left of the line are representative
of metrix cells which have 65- or 70 dB SL &s one of their
stimuli. The points to the right of the line contain stimuli
other than 65- or 70 dB. Exceptions to this genersl relstion
occur at cells 12 and 24.

The A re B judgments for Metrix C sre shown in Figure
13, A strong similsrity between this figure and those obtasined
for Matrices A snd B under the ssme conditions is seen. The
effect is most prevslent with those stimulus psirs hsving st

lesst one of the higher intensities to be found in the mstrix.
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Fig. 10. Reciprocal of the mean rstio estimaste of the
lower cell 8s & function of the mesn ratio estimate of the
upper cell for Metrix A under the B re A response mode,
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Fig. 11. Mesn ratio estimate of the lower cell ss s
function of the reciprocal of the mesn rstio estimate of the
upper cell for Mstrix B under the A re B response mode.
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Fig. 12. Reciprocal of the mean rstio estimste of the
lower cell ss a function of the mesn ratio estimate of the
upper cell for Mastrix B under the B re A response mode.



RECIPROCAL MEAN RATIO ESTIMATE UPPER CELL

58

MATRIX C
A RE B

MEAN RATIO ESTIMATE LOWER CELL

Pig. 13. Mean ratio estimste of the lower cell ss s
function of the reciprocsl mean ratio estimeste of the upper
cell for Mstrix C under the A re B response condition.
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Pig. 14. Reciprocsl of the mesn ratio estimste for the
lower cell as s function of the mean retio estimste of the
upper cell for Matrix C under the B re A response mode.
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Thus, the cells containing stimuli from 47.,5-55 dB SL sare
most affected.

Figure 14 1is the plot of the results for Mstrix C
under the B re A response conditioﬁ. Again, as in the
two other mastrices, those points lying to the left of the
line sre representstive of those stimulus combinstions
contsining et leest one of the higher intensities to be
found in s mstrix.

In order to ascertain which of seversl stimulus persmeters
csused the sbove reciprocsl relstions between the halves of
the meatrices under both response conditions, s psrtitioning
of seversl effects was performed. The psrtition was based
upon the schems for s two-factor Analysis of Varisnce, with
two levels per factor. Under these conditions, when one
measurement per cell is obtained, that score csn be viewed
as 8 devistion from the grand mesn of the srrasy. Further,
this deviastion is composed of three components: (1) a
devistion of the row meen from the grsnd mesn, (2) a deviation
of the column mesn from the grsnd mesn, snd (3) a8 residusl
intersaction.

Figure 15 illustrates the sbove schems, snd shows how
the effects were psrtitioned. The dsta were obtsined by
teking the mesn ratio estimate for 8 particulsr cell, snd
the reciprocsl of the ovposite cell, under both the A re B
snd B re A conditions., These four vslues were placed in s

2x2 tsble (ss in Figure 15) so thst two levels of one factor
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LOUDER: SOFTER

SOFTER : LOUDER

Fig. 15. Schema for psrtitioning the effects due to
response condition snd the intensive order of the tones.
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were A re B snd B re A, and the two levels of the other
factor were the louder tone leading the lower tone, or vice
versa. For convenience, each row and column were assigned
Greek letters.,t?1 corresponds to the louder tone hesrd first,
ﬁ?a the opposite. For example, under the A re B condition,

if the louder tone was hesrd first s ratio estimste of
grester than 1.00 was obtsined. Under the B re A response
condition, when the louder tone was hesrd first, & frasctionsl
(less thsn 1.00) was obtained. Therefore, under the B re

A condition, it was necesssry to invert the obtsasined value
in order to mske a comparison, Th@’?l represents the mean
of the unsltered value and the reciprocsl velue less the
grand mean of the array. Jl represents the situstion where
the stimuli sre judged A re B,d,, B re A.Fe end J , ere
equal and opposite in sign from/5; andJ; s respectively.
Thus,/?i is the deviation of the first row's mesn (X1,)

from the grend mesn (X..), andd’l the devistion of the first
column's mesn (X.l) from the grand mesn,

Tables 14-16 indicste the increment (deviation) due to

the louder tone lesding the lower tone (/1) for Matrices

A, B, snd C, respectively. The most evident festure of

Table 14 (Matrix A) is that when the level of the louder
stimulus resches either 80~ or 90 dB SL, & negstive devistion
from the mesn is obtained. This deviation is most pro-
nounced when the level of the louder tone is 90 4B, For

8 given row of the lower intensity stimuli, the increments
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Increment (f&) Due to Louder Tone Leading (Matrix A)

DB SL louder Tone

20 40 50 60 70 80 90
30 0.00 0.13 0.28 0.22 0.61 -0.09 =0.14
o 40 0.00 0.16 0.11 0.12 -0.10 =0.73
é 50 0.00 0.14 0.06 -0.21 =0.60
g 60 0.00 0.07 -0.16 =0.80
5 70 0,00 =0.01 =0.90
A 80 0.00 =0.42
90 ¢.00
Teble 15
Increment 0‘1) Due to Louder Tone Lesding (Matrix B)
DB SL Louder Tone
40 45 50 55 60 65 70
40 0.00 0.13% 0,40 0.31 0.34 0.28 0.22
o 45 0.00 0,12 0.14 0.20 0.14 0.20
f 50 0.00 0.06 0.09 0.02 0.15
‘§ 55 0.00 0,07 0.07 =0.24
B 60 0.00 0,09 =0,14
& 65 0.00 0.12
70 0.00




Table 16

Increment ) Due to Louder Tone Lesding (Matrix C)
1.

DB SL Lower Tone

40
42,5
45
47.5
50
52.5
55

DB SL Louder Tone

40 42,5 45 47.5 50 52.5 55

0.00 0,13 0.17 0,38 0.21 0.22 0.15
0,00 0,06 0,07 0.20 0.22 0.17

0.00 0,06 0.28 0.01 0.15
0.00 0,05 0.09 =0.01

0.00 0.08 0.00

0.00 0,01

0.00
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were positive td 70 dB SL, and then were negstive,

Table 15 shows the/?l results for Matrix B. All vslues
in the table sre positive, except in two cases where the
louder stimulus reaches 70 dB. Generslly, as the louder
tones increased for s given lower SL stimulus, the in-
crements incressed st first, snd then fell off.

Tsbles 16 shows the results for Matrix C., For s given
row of lower intensity stimuli, sn increment in/g1 is generslly
seen st first, which is followed by 2 decline. A minor
exception occurs at one point when the lower stimulus‘is
45 @B, 1In this csse, 8s the louder tone incresses there is
8 decresse 8t 52.5 dB, with s subsequent incresse at 55 dB.

Figures 16-18 are graphic representations of the in-
crements due to/?l in Matrices A-C, respectively. Esch figure
is plotted so that the lower (softer) tone is the parsmeter
of the curve, and the sbscissa is the level of the louder tone
in dB re the dB SL of the lower tone.

With the exception of the 80 4B SL curve (which is
composed of only two dsta points), each of the functions in
Figure 16 (Matrix A) incresses initislly, end then drop
to negstive velues as the intensity of the louder tone increases.
The initisl incresse in,ﬂ1 is shown to decresse ss the level
of the softer tones becomes more intense. Also, s8s the soft-
er tones become more intense, the fsll-eff in the function
occurs esrlier. As the softer tone incresses from 30-70 4B,

the fall-off occurs st spproximestely +40, +3%0, +15, +10, snd
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+8 dB re the dB SL of the lower tone, respectively.

Figure 17 (Mstrix B) shows in three curves (Softer
Tones = 40, 55, snd 60 4B SL) an initisl increment, subsequently
followed by & fall-off as the level of the louder tone in-
cresses. The fall-offy however, are not as great ss wsas
seen for Matrix A. In two instences (Softer Tones= 45 snd
50 dB SL) the functions incresse initially, and then sppear
to level off,

The functions for Matrix C (Figure 18) sre consistent
in form to those obteined for Mastrices A and B. Initislly,
an incresse inﬂl is observed, which is subsequently followed
by a decrement, Also, it appesrs thst as the lower tone
increases, the fall-off in 1 occurs esrlier. Some exceptions
to the sbove relationships do occur, but these are not
serious devistions, 1» for all purposes, does not extend
below zero ss wss seen in Mstrices A snd B,

Tables 17-19 show the increments due to the response
condition Tone A re Tone B ({§ 1) for Matrices A, B, and C,
The most evident festure of Table 17 (Mstrix A) is thst for
those stimulus pairs where the louder tone is 70 4B SL or
less, near zero increments sre found. However, when the
level of the louder tone reasches 80- or 90 dB SL, negstive
increments prevail. Appsrently, the influence of the judgmental
response mode does not have considersble effects until the
level of the louder stimulus in 8 psir reaches approximstely

80 dB SL. Regsrding the results for Matrix B (Tsble 18),
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Increment (J&) Due to A re B Presentations (Mstrix A)

DB SL Lovder Tone

30 40 50 60 70 80 a0
30 0,00 0.10 0.06 0.06 0.30 -0,02 =0,49
g 40 0.00 -0,01 -0,05 =0,03 -0,10 =0,29
f 50 0,00 0.01 0.04 0.05 0,26
§ 60 0.00 0.00 -0,02 =0.21
B 70 0,00 =0,11 =0.40
A 80 0.00 -0.40
90 0.00
Table 18
Increment (’1) Due to A re B Presentations (Matrix B)
DB SL Louder Tone
40 45 50 55 60 65 70
40 0.00 0.07 -0,04 =0,02 0,07 -0,07 0,00
9 45 0.00 -0,02 0,04 -0,02 -0,18 0,05
S
: 50 0.00 0.02 -0,06 0,06 0.10
.§ 55 0,00 0.04 =0,05 =0,19
3 60 0.00 -0,02 =0,08
A 65 0.00 =0.06
0.00

70
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Increment drl) Due to A re B Presentations (Mstrix C)

DB SL Lower Tone

40
42,5
45
47.5
50
52.5
55

DB SL Louder Tone

40 42,5 45 47.5 50 52.5 55

0.00 0.12 ~0,02 0,07 0.12 0.02 0,03

0,00 0,01 0.07? 0,00 0.04 0.02

0,00 0.06 0,10 0.01 =0.03%

0.00 -0,01 -0.05 -0.01

0.00 0,08 0.00

0.00 0.01

0.00
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it is seen that the majority of the K&'values sre extremely
close to zero. Placement of a cell within s mstrix sppears
to have negligible effects upon the obtained¢¥1 value,

The seme situstion prevslis in Mstrix C (Tasble 19), snd no

differentisl increment or decrement jIlXI.iS observed s&s s

function of the mstrix cell.

Figures 19-22 are the spstisl configurstions (proximity
plots) obtsined from the Anslyses of Proximities for Mstrices
A to D, The trasnsformation imposed upon the anslyses specified
thst one distsnce unit (DU) was equivslent to the value
of the log2 of the ratio estimate 2.00. Thus, one DU messured
on the configurstions is equsl to the rastio estimate 2.00,
end the rstio estimate associsted with any other distance is
the 1og2 of thst judgment. Table 20 provides the rstio
estimastes sssocisted with the messured distsnces (in DU's).
One DU on each of the Figures 19-22 is indicsted.

Figure 19 is the configuration for Mastrix B. Presentstion
of the results for Mstrix A will be deferred for the present.
It is seen that the data points progress in sn orderly
fashion, with the points curving upwards when the level of
the stimuli reach approximstely 55 dB SL. From 40-55 dB,
each of the points can be Jjoined by & strsight line. Thus,
the total loudness between the points 40 snd 55 4B SL is the
sum of the log-rstio estimstes 40-45, 45-50, snd 50-55 dB SL.
As noted, after 55 dB the configuration curves upwards,

indiceting that the points 60, 65, end 70 4B SL sre not the



TABLE 20

&
Conversion of Distance Units to Ratio Estimates
RATIO DIST. RATIO pist. | RATIO DIST. | RATIO IST. |RATIO ST.
ST. EST. EST. > EST EiNIIS EST. Bh.IIS
C.C2CCCO  -4.221320) C.1CCCCO =3.3217268(0.150000 =2.7367¢6]0.20C000 -2.321928] 0.250000 =-2.000000
C.2CCCCC  -1.7269¢5) C.35CCC0O0 -1.514573]0.40Cc0C0 ~ -1.321928f C.449999 " -1.152003] 0.500000  -1.000000
C.55CCC0O0  ~C.E6245¢] C.6CCCCO -0,73696500.649939  -0.621482) 0.700000 -0.514573] 0.750000 -0.415037
C.ECCCCC  =C.322192€] C.B850CCC -0.2344650.899799  =0.152003} 0.950000 =-0.074000f 1.000000 -0.000000
1.€45559 C.C7C2¢¢f 1.1CCCCO 0.1375¢3]1.15CC00 0.201633} 1.200000 0.263034§ 1.250000 0.321927
1.255699 C.278511f 1.35CCCO0  0.432959f1.4cC0C00 0.425426] 1.450000  0.536052{ 1.500000 0.584962
1.546659 €.€22267] 1.6CCCCC 0.678071]1.690C00 0.722465] 1.700000  0.765534) 1.750000  0.807354
1.755659 C.£47596] 1.849699 0.887524}1.900C00  0.92%999] 1.950000 0.963474) 2.000000 0.999999
2.C5CCCC 1.€3%¢23] 2.0555%9 1.07¢389]2.15¢CC00 1.16433¢] 2.200000  1.137503] 2.250000  1.169924
2.7CCCCC | 1.2C1€23] 2.345559 1.23266Cf2.4C0000  1.263034] 2.450000 1.292781{ 2.500000 1.321928
Z2.55CCCC 1.350497f 2.5565$9 _ 1.37e511§7.65C000 1.4057°7] 2.700600 1.432959} 2.750000  1.459431
2.€CCCCO l.4E542¢) 2.649659 1.51C961 | 2.3CC000 1.5366G52) 2,95C000 1.560714] 3.000000 1.584962
3.cs5cccc 1.cce8cr] 3.055659 1.632267§ 3.150C00 1.655351] 3.200000  1.678071] 3.250000 _ 1.700439
3.3CCCCC 1.722465] 3.349%%9 1.744160f 3.400C00  1.765%34] 3.449999 1.786596 ] 3.500000 1.80735%
«55CCCC 1.827¢182) 1.55%569 1.84799¢§ 3.650C00 1.86787¢] 3.699999  1.887524] 3.750000 1.906890
3.ecccco 1.529595] 3.€455%9 1.5448%8 [ 3.70CCN0 1.963474] 3.9643939 1.981892] 4.000000 1.999999
4.C5CCCC 2.C17921] 4.1cCCCC 2.03562314.150CC0 2.053111] 4.199999 2.070388] 4.250000 2.087462
4.23CCCCO 2.1C4336} 4.35CCC0 2.121c15] 4. 400000 2.137503] 4.447999 2.153805] 4.500000 2.169924
4 .55CCCC 2.1F5¢8¢e| 4.06CCCCO 2.201633] 4.65C600 2.217230) 4.699939 _ 2.232660| 4.750000  2.247927
4.e0CCCC 2.2€3C34) 4.85CCCC  2.277584§4.9C0C00  2.292781] 4.949999 2.307428]1 5.000000 2.321928
5.CSCCCC 2.23¢2€3] S.1C0CCO 2.35C497{5.150C00 2.364572| 5.199999  2.378511] 5.250000 2.392317
5.2CCCCC 2.4C5392) %.35CCCC 2.41953e]5.40CC00 2.432752] 5.449399 2.6446256] 5.500000 2.499431
5.55CCCO 2.472427) 5.60CCCO 2.45542¢]15.650000 2.49825C) 5.€99997  2.510962) 5.750000 2.523561
5.8CCCCC 2.536C52] 5.85CCCC  2.548430]5.9C0000 2.560715] 5.949399 - 2.572889] 6.0C0000 - 2.584962
.6.CSCCCC . 2.59€924) €.1CCCCO.___ 2.6088C9] 6.15CC00 __ 2.620586) 6.199999.  2.632267] 6.250000  2.643856
€.2CCCCC z.e55351A €.35CCCO 2.66615616.400000 2.6T8071] 6.449999 2.689279{ 6.500000 2.700439
6.55CCCO 2.711494] 6.0CC0C0 2.7224065] 0.649999 2.733354] 6.699799  2.744161} 6.750000 1 2.754887
€.ECCCCC 2.7€¢5%34) g.8uCOCO 2.7761C3] 6.899939 | 2.7864%495] 6.949499 2.797012] 7.c00000 2.80735¢%
P 71.C08CCCC . 2.817623] 7.1CC0CO 2.827¢10] 7.149999 2.837743) 7.199%99 2.847996 ) 7.250000 2.85798)
7.2CCCCC 2.5€7P5€6) 7.35CCCO 2.8677744 1 7.399999  2.8871524] 1.449%99 ~ 2.£97240{ 7.5000C0 2.906889
| TLESCCCC  2.G51ea1¢] 1.6CC0CCCE 2.925%990] 7.¢69999 2.935459] 7.6794999  2.944858] 7.750000  2.954196
7.6CCCCC 2563473 7.65CCCO0  2.972692§7.8949979  2.981¢e52] 7.949999 2.990954) 8.600000 3.000000
g.C5CCCI 3.CcCrR9xE] BLlCCCCO 3.017521  #.1646999 3.026799] B.200000  3.035624] #.250000 3.044393
F.20CCG1 2.€53111) ~.35C0C0 | 3.C61775)7.399999 °  3,070389] 8.45C000 3.0789%1{ 8.%00000 3.087462
£.55CCCH 3.0659¢4 ) #.6CCCCO 3.104336 ) #.649999 3.112699] 8.7C0C00 3.121015] 8.750000  3.129282
8.ECCCC] 2.127503) v.e5CCCO0 3.14567718.899999 3.153204] £.550000 3.161827{ 9.000000 3.169924
6.C5CCCH 2.177517] G.1CCCCC 3.1r5866 8 1.149999 3.193771] 9.200000 _ 3.201633] 9.250000 _ 3.209453
s.2ccccl 2.21723CF 9.35C0CC  3,226965]9.399999  3,2326¢0] 9.450C00  3.240314] 9.500000 3.2417926
0 cerrnrt 2 &€l @ oo 2_2+43n22 1 0_ann6qgq999 3.27¢%2801 9.7CQ000 3.,277984 9.750000' 3.285401

e e . e o e
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Fig. 19. Anslysis of Proximities spstisl configuration
for Mstrix B. _
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Fig. 20. Analysis of Proximities spatisl configuration
for Mastrix C. -
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Fig. 21. Anslysis of Proximities spatisl
for Mstrix A. P Qonfiguration
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sums of 8ll previous log-rstio estimates, but somewhsat

less, This, non-sdditivity incresses ss the stimulus in-
tensity incresses. It is further seen thast the loudness
estimate between 60 and 70 4B isrnot the sum of the log-
rstio estimstes 60-65 snd 65-70 4B, but less. The distance
between each of the adjecent stimulus points from 40-70

dB incresses, indicating that the loudness at 5 4B intervels
incresses with incressing intensity.

Figure 20 is the proximity plot for Metrix C. The form
of the configuration is similsr to that found for Matrix B.
Additivity exists from 42.5-50 4B SL, but outside thst
region the figure bends, indicating non -sdditivity of the
loudness judgments st the higher matrix intensities. The
ratio estimate msde between 50-55 dB is not the sum of the
log-estimates 50-52.5 and 52.5-55 dB, Also, there is s
general increasse in the distsnce between adjscent 2.5 dB
intervals,

Figure 21 shows the results for Mstrix A. The con-
figurstion sppesars to be different for those found for Matrices
B and C in that the regulsr upward psttern sppears to be
broken at 70 dB. An sdditive (linear) relstion is evident,
however, between 30 snd 50 dB SL., Regsrding those stimulus
points between 30 snd 70 dB, it is seen that s similsrity
exists between these five points snd the figures obtained
in Mstrices B and C,

Pigure 22 is the proximity plot generated by the dste
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in Matrix D. Between 3%0-70 dB s psttern similsr to Mstrices
B and C is seen, with the additive section occurring
between 40-55 dB SL. When comparison is msde between the
distsnces found for common stimulus pairs in Matrices A

and D, the distances are alwsys greater for Matrix D.
Further, Table 21 shows thst the distance difference
incresses ss che inter-stimulus difference increasse.

In order to plot the obtained loudness estimste results
8s 8 unidimensionsl function of dB SL, which, in turn,
would yield complete additivity if plotted ss 8 proximity
plot, seversl process were initisted.

To understand the processes invloved, it is instructive
to view esch 7x7 matrix (A-C) as 8 double clessification
Anslysis of Varisnce (as in theﬁ& results) with one ssmpling
unit per cell. In the present schems, one verisble consists
of the seven louder tones (designated‘ll-lv), and the other
varisble consists of the seven lower tones (designated ss

/ai_./%). Usine this paradigm each cell entry can be viewed
8s consisting of three components: (1) s deviation of the
row mesn from the gremd mstrix mesn, (2) a devistion of the
column mesn from the grand mstrix mesn, snd (3) a residual
interaction term. Thus,,l1 -}7 and/’i -(‘; represent the
column mesns and row mears, respectively.

To insure complete sdditivity in spsce two requirements
hsd to be met. The first wass that the intersction sum of

squsres of each matrix hed to_be reduced to zero, and the
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Table 21
Compsrison of Distsnces in Matrices A snd D

for Common Stimulus Psirs

Common Pair Distance Distsance Distance
Matrix A Mstrix D Difference
(DU) (DU) (D-A)
30=40 0.45 0.75% 0,30
30=70 1.55 2.00 0.45
30-90 3,00 3,90 0.90
40-70 1.23 1.56 0.33%

70-90 1.85 2.30 O.45
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second thst corresponding estimastes of py and/a had to be
equel and opposite in sign, thus setting the metrix diagonal
to zero.

To sccomplish these requirements, a two-stage process
was initisted. The first stage consisted of using Krusksl's
(1968) Monqnova technique on the log2 values of each mstrix.
Since this snslysis is designed to reduce the intersction
sum of squares to zero (or nearly so), the first requirement
for additivity was met. The second stage of the process
invloved a modification of the Monanovas snslysis (through
an iterative technique) which set corresponding estimstes of
;\-and/aequal and ovposite in sign. This second operation
fulfilled the second requirement for additivity.

Figure 23 illustrstes the above processes by the use of
g fictitious 4x4 stimulus matrix, which shows how additivity
was attsined. 1In the figure esch of the requirements for
8 linear proximity plot have been met, i.e., diagonsls of
the matrix set to zero, and sll corresponding )- andf values
equal asnd opposite. It is slso sssumed that the interaction
sum of squares for the mstrix hss been reduced to zero, so
that esch cell value is simply the sum of its respective
main effects. For example, the 30-60 dB SL stimulus combin-
stion (rstio estimate =#.0) is the sum of the msin effects
;13 and/®, or /.043.0. As stated, if this metrix were plotted
88 sn Anglysis of Proximities, a linesr proximity plot would

result because the rstio estimste found within esch of the
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]
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; 70 -6 -4 -2 0 |Py= -3
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1’ - —? A‘--I l’- +1 14 a +3
Pig. 23. Illustrstion of matrix requirements for

linear proximity plots.
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cells would be equsl not only to its msin effects (ss sbove),
but slso to its comnonent rstio estimetes, Thus, the loud-
ness relation is completely sdditive in nature.

Figures 24-26 show the lamhda (;k) velue results for
Matrices A-C as a function of 4B SL. Also shown is the
subjective loudness in 1og2 A(dditive) units. ‘This lstter
scele represents & simple transformation of the lambds
ordinate which was included to mske the obtained dats
more comparsable with previously reported unidimensionsl
loudness sceles, which commonly assign a 40 4B SL stimulus
the scele value "1", i,e., the sone scsle. Thus, in each
of the figures thelvalue which corresponded to 40 4B

SL wes erbitrarily assigned the value "1” (or "O" in log,

terms ),snd the remsinder of the scasle with reference to this
point, Thus, 8 direct compsrison between the power function
based upon the 10 dB rule (with 40 dB SL « 1,0 ss 8 reference
point) and the present additive scale could be accomplished.
Figure 24 indicstes that the log, A (dditive) scale
does not spproximate the conventional 10 dB rule results
for Mstrix A over the entire intensity continuum. However,
the loudness from 80-90 and 30-40 4B SL does sppesr to grow
at spproximstely the ssme rste.
Figure 25 (Matrix B) shows that both the conventionsl

power function bssed on the 10 dB rule and the long scele
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grow at the ssme rste, although the sdditive units are
displaced towsrd the higher intensities by spproximately
4 4B, snd show 8 flatter function between 40 and 45 dB.

Figure 26 shows that the additive function for Mestrix
C spproximstes s power function (as does Mstrix B), whose
slope is grester than thst of the conventionsl function,

Fizures 31-35 (Appendix) show the individusl lambds O\
and 1ogaA values for esch subject in Matrices A-C, In both
Matrices B and C only the dsts points are plotted becsuse sll
subjects show nearly equivaslent A vslues. Thus, the slopes
of the individusl subject functions do not differ sppreciably.
The results for Mstrix A sre s bit more varisble. There-
fore, the individusl subject functions are plotted (Figures
31-33%), It is seen thst subjects 1-8 in Mstrix A exhibit
functions which sre quite similsr in that they generslly
accelerste at the same rste. Subjects 9 sndl1l0 differ from
the psttern somewhat, although their results sre not grestly
different from the other eight subjects.

Experiment II. Tsbles 22-25 show the oversll mesn ratio

estimates for Matrices E-H, respectively. These vslues were
obtsined by tsking the reciprocsls of the Tone A re Tone B
session results, snd sveraging these vslues with the results
of the Tone B re Tone A session. To convert 8ll vslues to
1.00 or greater, the reciproceals of the fractional estimates

were teken, and included within the grand sverasge.




Grand Means for lMatrix E (250 Hz)

Tsble 22
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DB S1L louder Tone

10 20 30 40 50 60 70
10 1.00 1.3 1.8l 2.20 2.80 3,42 4,94
9 20 1.00 1.17 1,75 2.30 2.87 4,30
f 30 1.00 1,22 1.9% 2.52 4,09
& 40 1.00 1.42 2,19  3.70
% 50 1,00 1,45 2,94
A 6o 1.00 2,19
70 1.00
Table 2%
Grand lMeasns for Mstrix F (White-Noise)
DB SL Louder Tone

40 45 50 55 60 65 70
40 1.00 1.30 1,68 2.35 2.63 2.89 3,02
o 45 1.00 1.27 1.7 2,20 2.47 2,61
S 50 1,00 1.25 1.94 2.25 2.23
'§ 55 1.01  1.22 1.53 1,71
% 60 1.02  1.09 1.25
2 65 1.00 1.04
70 1.00




Table 24

Grand Mesns for Matrix G (4000 Hz)
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DB SL lLouder Tone

10 15 20 25 30 35 40
10 1.03 1.26 1l.64 1.97 2.4 2,55 2,93
g 15 1,00 1l.24 1,64 1,88 2,11 2.44
f 20 1.01  1.23 1.49 1,71 2.19
’§ 25 1.01 1,13 1,53 2,09
8 30 1.00 1.19 1.69
A 35 1.00 1.18
40 1.00

Table 25
Grand Mesns for Matrix H (100G Hz)
DB SL Louder Tone

10 15 20 25 30 35 40
10 1.00 1.23 1.40 1.82 2.11 2.40 2,48
. 15 1.00 1.13 1.56 1.83 2,08 2.60
£ 20 1,00 1,18 1,70 1,97 2.33
.g 25 1,00 1,22 1.68 2,12
= 30 1.01  1.28 1.94
A 35 1.00 1.33
40 1.00
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Matrix E (Tsble 22) shows the results obtained when the
250 Hz tones were judged from 10-70 dB SL. The largest
estimate was between the 10 snd 70 4B SL stimuli (4.94).

As the level of the louder tone increased, the rstio est-
imates for each of the lower intensity rows incressed. No
reverssls between adjacent cells were evidenced.

Teble 23 cives the anslogous dats for the white-noise
stimuli (Matrix F) which were judged in 5 4B steps from
40~-70 dB SL. It is seen that the highest obtasined ratio
estimate was 3%.02 for the 40-70 stimulus combinsation,.

A regular progression in the values is seen as the level of
the louder tone increases.

Tables 24 and 25 indicate the results of both the
1000 snd 4000 Hz tones judged from 10-40 4B SL im 5 4B
steps. A compsarison between the two shows thast the loudness
of the 4000 Hz tone is grester when the stimulus psir 10-
40 4B SL is judged (2.93 v. 2.48). It is slso seen thst the
4000 Hz stimuli sre (except in cell 16) sre slways judged
grester thsn the 1000 Hz tones in those cells contsining a
lower stimulus intensity of from 10-20 dB SL. However,
when the level of the lower stimulus resches 25 dB and higher,
the relstionship changes, and the judgments for the 1000 Hz
peirs are grester.

Pigures 27-30 show the obtained Anslysis of Proximities
spetisl configurstions for Matrices E-H. Figure 27 shows

the relastions for the 250 Hz tones. As in Mstrices B snd C,
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the configurstion curves upwerds after sn sres where additivity
prevails. In this instance, additivity is seen from approx-
imetely 10-35 dB SL. The log-ratio estimstes sre not
additive in nasture sbove 40 dB.

Figure 28 (white-noise) shows some peculisrities not
evident in the regulsr configurstions genersted by most of
the foregoing matrices. The most obvious difference is thet
the 65 and 70 dB SL points reverse themselves, However, this
results could be due to experimentsl error. Additivity is
predominant from soproximately 52-70 4B SL.

Figures 29 snd 30 show the configuretions obtsined for
the 1000 Hz snd 4000 Hz tones under the ssme low sensstion
level conditions, Both figures show reculsr pstterns, slthough
a compsrison between the two shows some differences. The
main difference lies in the points above 25 dB SL. At these
intensities, the configurastion for the 1000 Hz tones bends
back, indiceting less additivity in the log-ratio estimeates
between distant inter-stimulus peirs. On the other hand,
the points sbove 25 dB for the 4000 Hz Jjudgments sare additive
from 25-40 4B SL., Between 15 and 25 dB SL beth figures show

additivity of the log-rstioc estimsates.



CHAPTER IV

DISCUSSION
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IV, DISCUSSION

Although the present paper has been quite comprehensive
in scope, several mein points may be made. Therefore,
the iniﬁial section of the present chapter is devoted to s
general summary of the major study objectives and findings.
Detailed snslyses of these findings, snd their implicstions
may be found lster in the discussion under specific sub-

heedings.

Summery of Major Objectives snd Findings

As stated, the primary purpose of the present invest-
igetion wses to explore whether the 10 dB rule (or the 0,54
power function, which approximates the 10 dB rule at 40 dB
SL and asbove) provided sn asdequate description of loudness
relations for stimulus psirs judged in 7x7 stimulus matrices.
The vehicle for judging the adequacy of this unidimensional
loudness relation wss the modified Anslysis of Proximities,
which, through the log-transformation, defined one distance
unit on each of the obtsined proximity plots ss the log2 of
the retio estimste. This trsnsformstion insured that if the
10 4B rule held for the obtsined ratio estimates, 8 straight
line proximity plot would be obtazined. In this regsrd,
every doubling of loudness 8t 10 dB intervsls would be

equivalent to the addition of one distsnce unit in spsce.
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Obviously, the obtained spetisl configurstions for
Metrices A-C (es well ss the other stimulus conditions)
are not strsight lines. Therefore, the predictions made
from the 10 4B rule regsrding ratio estimstes between various
points on the intensity continuum do not provide an adequate
description of the obtsined judgments. However, it should
be noted that each of the obtained plots contsin 2 region
of relstive additivity before the configuration curves
upwards. Also, 8s will be further explored in s subsequent
section, the inter-stimulus differences in this additive
section are more similsr to the estimstes implied by the
10 dB rule as the stimulus range of 8 matrix is decressed
to moderste ranges.

Another major considerstion of the study wes to trsns-
form the obtained dsts so ss to yield 8 unidimensionsl function
relsting judsed loudness to intensity, which, in turn,
would provide & linesr proximity plot. This gosl wses met
by using the Monsneévs technique combined with the trasnsformetion
of each of the matrix diagonals to zero.

The results of the sbove process yielded the log2
A(dditive) loudness scsle (described earlier), which could
be directly compsred to the unidimensional power function
bssed on the 10 dB rule. Regsrding these dests, the major
finding was that for Metrices B end C, the unidimensionsl

long plots were power functions of the stimulus intensity.
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The slope of the Matrix B scale was quite similar to thst
of the conventional power function, snd the slope for
Matrix C wses grester than the conventional rule function.,
The Matrix A dste did not yield s power function, and the
shepe of its unidimensional plot wss complex. Generslly,
however, the growth of the plot for Matrix A wss much
slower than for the conventional 10 dB rule function.

A consolidation of both the Anslysis of Proximities
‘snd the log,A data indicate that the overall renge of s
stimulus meatrix is quite influentisl in determining how
loudness-ratios grow, end that the more constricted the
range, the more rapid the loudness-ratio growth. In
genersl, it sppesrs thst when the stimulus resnge resches
spproximately 30 dB, the results obteined using the present
technique compare quite closely to those implied by the

conventional unidimensionsl scsle implied by the 10 dB rule.

Relation Between Matrix A Rstio Estimste Values

snd Those Predicted from the 10 dB Rule

Matrix A was designed to investigate how ratio est-
imstes of loudness compared to predicted estimstes (ss
implied by the 10 dB rule) over s wide stimulus renge.

The most significant outcome regsrding the obtained
data for Matrix A is the lsrge devistion between the pre-

dicted snd observed values. The obtained dsts sre slways
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below the predicted vslues, with the differences between
the fwo incressing ss the inter-stimulus differences in-
crease. The larzest retio estimate (7.90) falls far short
of the predicted estimate of 64,00 for the 30-90 4B SL
stimulus combination.

An explenation of the incongruity between the present
dsts and those found by other investigstors may be sccount-
ed for by the fact that the overwhelming majority of studies
investigating loudness hsve concentrsted on only moder-
ate intensity intervels, with little sttention being paid
to loudness estimates over longer or shorter distsances.

In this regsrd, meny of the more influential studies have
been bssed slmost entirely on haiving or doubling determin-
stions (Robinson, 1957; Stevens, 1955, 1957). McRobert,
Bryen, snd Tempest (1965) hsve even noted thet in those
studies which have tried to reduce the constrsints to s
minimum (magnitude estimetion without s modulus), in effect,
do not messure loudness over wide inter-stimulus intervsls.
This situstion srises becsuse 8ll the estimstes sre made
within a short time period, snd &s each estimste 1is made,
snother reference point is crested. Therefore, s subject's
latter responses sre made with reference to the nesrest
estimates, rsther than to the original stimulus, i.e., the
first tone in the experiment. "This is important in the
case of levels which sre far from the reference level

/Joriginal tone/, since the observer msy meke his judgment
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with reference to the nesrest tone he has so far hesrd,
rather than to the reference tone. By this process gll
his judgments are reduced to judgments of smell intervsls
and the results of the experiment do not really snswer the
question, which is basic to any loudness scale, of whether
the observer can mske self-consistent estimates of large
and small intervals" (p. 393).

In one of the only studies desling with loudness
estimetes over larger inter-stimulus distances, McRobert
et. 8l. (1965) obtained dsts similsr to those found in the
present study. Fifteen psirs of stimuli at 1000 Hz were
presented, and the task of the subject was to estimsate
the 1loudness of the second tone relstive to that of the
first tone. Unlike the present study, the intensity of the
second tone wss slways greater than the first. The lsrgest
inter-stimulus difference was 50 4B (30-80 dB SPL). Their
date indicated thst when the inter-stimulus difference was
spproximately 15 4B or less, the retio estimates were similsr
to those predicted by the conventionsl power function,
However, when the inter-stimulus difference incressed beyond
15-20 dB, the rstio estimstes becsme incressingly more
divergent from the conventional scele predictions. They
concluded that "slthough the "sone" type of scale relsting
loudness to intensity (at 1000 ¢/s) represents sn sversge of
the dsts aveilable, almost 8ll of the published dsts hss in

fact been effectively obtsined over smell intervals (up to
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sbout 20 dB) on intensity. The question of validity of

the scale over larger intervals hss been left quite open.

The present dsta, tomether with that of Stevens and Poulton
(1956) [/ They used Stevens & Poulton (1956) to compsre their
dsta witg7} suggests that the "sone" type of scale is s poor
approximstion to the true relation between loudness and in-
tensity over wide ranges...” (p.399).

Another importasnt relstion to be found in the present
dasta for Matrix A (Table 3), snd in those obtsined by lMcRobert
et. 8l. (1965) concerns the relstion between ratio estimstes
obtained over lsrge inter-stimulus intervsls, snd the sum
of the component ratio estimates contsined within those
intervals., McRobert compared the sum of several rsatio
estimstes comprising s given inter-stimulus intervsl with
8 direct estimate of the end points of thst intervsl. Their
results indicsted thast the sum of the component estimstes
were 8slways greater than the direct estimate. The same
relationship may be seen in Tsble 3. For exsmple, the 30-
90 4B SL stimulus pair yields s mesn ratio estimate of 7.90
when Jjudged directly, although the sum of its component
estimates (30-40, 40-50, 50-60, 60-70, 70-80, snd 80-90
dB SL) is only 10.77.

Relation Between Rstio Estimstes QObtsined for

Matrices A, B, snd C
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An exsmination of the results for Mastrices A, B, and
C (Tables 3-5) indicstes that ss the stimulus renge spproaches
30 dB the obtained ratio estimates become more like the
10 dB rule predictions. One index of this process is the
ratio estimate associsted with common stimulus psirs with-
in each of the matrices. As described previously (Tsble 7),
the ratio estimate increases for each of the common pairs
8s the overall stimulus rasnge of s mestrix is reduced, and
the Mstrix B vslues for each of these common psirs sre more
similsr to the 10 dB rule predictions thsn either Mstrices
A or C.

Another index of the convergence of the dsta to 10
dB rule predictions with incressing constriction to 30 dB
is an examination of those cells (Tsbles 3-5) where the
inter-stimulus difference is 10 dB, When this is accomplished
it is seen thst the medisn value for the 10 dB difference in
Matrix A is 1.53, 2.03 for Metrix B, and 2.3%36 for Mstrix C.
Since the 10 dB rule predicts a rstio estimate of 2.00 for
g 10 dB inter-stimulus difference, the medisn for Matrix B
was, virtuslly , equal to the predicted value.

A finsl index of the spprasoch to 10 4B rule predictions
using s 30 4B stimulus range csn be seen in Figures 6-8.
If these fipures were plotted as the conventionsl 0.54
power function would implie, each of the figures would hsave
six persllel lines with a2 slope of 0,54, The medisn slope
of the obteined functions for Mstrix B is 0.5%4.
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Verisbility of Ratio Estimates. The results of the

Analyses of Varisnce (Tsbles 11-13) lend support to scveral
investigations which have studied individusl varisbility

of loudness estimstes of time. Generally, the results of
these snalyses for Mstrices A-C show that ratio estimates

do not differ when the Jjudgments are made over severasl

di fferent days. A mean of only 7% of the subjects for all
mgtrices showed significance on the Sessions factor. These
results support MeGill (1960), who found that sn individusls
loudness function will not differ grestly over s period of
at least one week. These results slso support the 0.53
correlation coefficient obtsined by Stevens and Guirao (1964),
who correlasted the power function exponents obtained from

an individual on two separste occasions.

The common prsctice of using nsive subjects in exper-
iments concerning loudness perception is supported by the
low percentage of subjects showing statisticel significsnce
for both the Sessions snd Replications fsctors (ITsbles 11-
13), However, twenty-five percent of the subjects did show
significance on the Replications factor for Matrix A. Since
this was the first matrix presented to the subjects, 8 small
learning fsctor effect msy have been present. However, the
influence of such an effect sppears to be rsther smsll. The
above findings support studies by J. C. Stevens snd Tulving
(1957), 8tevens snd Poulton (1956), snd McRobert et. al.
(1965), who sll showed that nsive subjects could give loudness
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estimstes which differed in no significant menner from
those reported by more sophisticated observers.

A primsry finding concerning the vsrisbility of the
ratio estimstes between subjects is that it becomes larger
as the inter-stimulus differences incresse (Tables 8-10).
This relstion was expected in light of the findings of
McGill (1960) and McRobert et. sl. (1965), who both found
increassingly varisble estimates for individusls with in-

cressed intensity.

Analyses of Proximities for Matrices A-D

The underlyinz csuse of the chasracteristic upswing
in esch of the proximity plots, end the divergence from
8 purely sdditive relationship is bsassed upon the fsct
that loudness over long inter-stimulus intervals is not
the sum of its component loudnesses, ss the unidimensionsl
scale bassed upon the 10 dB rule would imply. As slluded to
previously,.McRobert et. al. (1965) recognized this relstion-
ship, slthough they did not have the vehicle to present the
dets in concise form. In contrast, the Anslysis of
Proximities sdequstely describes the obtsined restio estimates
made over wide inter-stimulus differences, as well as the
sum of the individusl component estimstes.

Although showing the characteristics inherent in

the other spatisl configurstions, i.e., additivity at the
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lower intensities snd sn upwasrd curvasture, Matrices A snd
D differed significsntly in shspe from the other configur-
stions,

As noted, Mstrix A was different from Fatrices B snd
C in that the regular upwerd psttern asppeared not to be
msintained st 70 dB SL (Fiz. 21). This appesrsnce, however,
may be misleading, for the familisr psttern is msinteined
if one regards the points from 30-70 dB. These five points
show the usual adlitive relastion between 30-50 dB, snd then
upwsrd swing.

What sppears to be different st 70 4B may, in fact,
be csused by the relationship between sll the 80- and 90
dB SL stimulus combinstions. Evidence attesting to this
relstionship may be seen in the data for Mstrix A (Table 14)
88 compared to the snalogous ﬂ increment dsts for Mastrices
B sand C (Tables 15-16). Generslly, in Mstrices B snd C,
when the louder tone leads the lower tone in time, sn in-
crement is sadded to the grand mesn of the cell to account
for the obtsined rstio estimate. Unlike the other two
matrices, the obteined.ﬁ?velues for Matrix A sre consistently
negative when the intensity of the louder tone reasches 80
4B SL, Therefore, it appesrs likely that the placement of
the 70 dB point in space wes influenced by what might be
termed 8 "differentisl high intensity response mode,"

which was in Jjuxtsposition to the mode of response at the
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lower intensities.

The resson governing the rather irregulsr appesarsnce
of Matrix D wses, of course, the disproportionately loud
90 dB SL stimulus, which scted ss sn "snchor" (Woodworth
& Schlosberg, 1954). The quantitstive effects of this
anchor can be seen by regarding Tseble 21, which shows the
obteined differences for common stimulus psirs in Mstrices
A snd D. In 8ll instances, the distances sre grester for

the Mastrix D configurstion,

Unidimensional Scaling of Matrices A~C

Fizures 24-26 indicate thet unidimensional functions
may be found for thé dsts contained in Matrices A-C, sand it
is thus possible to plot each of these matrices as 8 linesr
proximity plot.

When each of the logaA scales sre compared directly
to the scsle implied by the 10 4B rule, & rather clesr re-
lstion is seen, which, once sgsin, supports the hypothesis
that when the stimulus range is in the vicinity of 30 4B,
the rstio estimaetes approsch conventional predictions.

This is evidenced by the minimal trsnsformstion necessary
to obtain the conventionsl power lsw predictions from the

long scsle for Mstrix B.
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Ratio Estimates and Anslysis of Proximity Plots

for 250 Hz snd White-Noise Stimuli

The obtsined ratio estimates for 250 Hz and white-
noise stimuli (Tsbles 22-23) are low relative to what would
be predicted from their respective power function exponents
(ss found by previous investigstors). Also, both spstisl
configurations show the regulsr upwerd pattern evidenced
in the previous metrices, as well as show aress of relstive
loudness additivity at the lower matrix intensities.

The configuration for Matrix F (white-noise) is somewhsat
irregulsr in thst a reverssl of points occurs when the
noise resches spproximstely 60 dB. However, this does not
affect the oversll form of the configuration, and mey simply
be due to experimentsl error,

An importent sspect of the proximity plots for the 250
Hz snd white-noise stimuli, as well as the other matrices,
is that local sress of the plots can generslly be described
in terms of the sum of the local log-rstio estimates. For
exasmple, 8 general approximation to the distsnce between
50=70 dB SL for the 250 Hz tones csn be obtained by taking
the sum of the log-rstio estimstes of the 50-60 4B snd the
60-70 4B intervsels. Although the sum in most instances will
be grester thsn the direct estimste, e fair approximstion

can be made over 8 limited range.
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Constrsints Imposed by the Method

The present technique of using rstio estimstes ss the
primary messure of the perceived loudness difference between
two points on the intensity continuum sought to minimize the
constraints plsced upon a subject. Since Zwislocki (1967),
Hellmsn snd Zwislocki (1961), snd Stevens (1956) have noted
thet minimizing the constraints csuses the obtsined loud-
ness functions to be less varisble, the present subjects
were free to choose whatever ratios they thought spprop-
riste. This, of course, is in Jjuxtaposition to the Ratio
Production methods (Fractionation and Multipliecation),
where S is required to satisfy some specified ratio, &nd to
the Magnitude Estimation procedure which includes a prescribed
modulus. As described in the Introduction, all of the
sbove techniques sre subject to biasses which are introduced
via the imposed constraints. The present procedure eliminsted
the biases produced by 3 fixed relstion between any stimulus
end 8 given modulus, and did not specify any particulser
retio to be fulfilled.

One constrsint which was placed upon a8 subject, however,
concerned the judgmentsl response mode (Tone A re Tone B, or
vice versa). When the overall magnitudes of the obtained
ratio estimates asre considered under both response modes
there sppesrs to be little difference (except perhsps in

Matrix A where 40% of the subjects showed significance on
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the judgmentsl factor (J)). On the other hsnd, an effect
which was produced by the judgmentsl mode was evidenced

in the reciprocsl relstions in esch of the matrices. A

first indicstor of this effect wss the percentasge of subjects
who were found to have significsnt F~-ratios for the Upper/
Lower factor for lMstrices A, B,and C. These results were
further investigated by plotting Figures 9-14, which indicated
where the differences lay.

When considering the Tone A re Tone B reciprocsal
relstions (Figures 9, 11, 13) for Mstrices A, B, snd C,

a consistent psttern is exhibited. In each of these

figures the mesn ratio estimastes of the lower unsltered
cells sre grester than the reciprocsls of the opposite

cells (Although in Mstrix A s smsell divergence is seen).
Further, if lines sre connected between each of the points
representing the cells of s given lower SL stimulus (cells
2-7, 9-13, 15-18, 20-22, and 24-25) it is seen that 8 closer
reciprocal relstion is schieved 8s the level of the lower
stimulus incresses.

When the subjects sre responding under the A re B
response mode, those cells which sre inverted for sub-
sequent snslyses alwsys have the lower SL stimulus pre-
sented before the louder stimulus, Thus, the level of
this first lower tone hass s direct influence upon the reciprocsel
relstion. If the first tone is s low stimulus intensity

for the matrix, the judged loudness differences between it
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and the other stimuli will be low (a@s evidenced by its
reciprocal) relative to the judged difference if the stimuli
had been presented in the other order. However, as the
level of the lower stimulus incresses, the Jjudged diff-
erences between the stimuli presented in either order

will become similer, i.e., the reciprocsl snd the un-
altered values will spproach each other.

The situstion is more complex when the subjects are
judging the stimuli under the B re A response mode, although
general patterns sre evident (Figures 10, 12, snd 14). For
easch of the matrices it is found that the reciprocels are
generslly lsrger than the unsltered values. However,
when the levels of the louder stimuli in & peir reach the
highest matrix intensities, the trend reverses itself,

If lines are drawn, as sbove, between erch of the
points representing those cells for a given lower SL stimulus,
it is one agsin seen thst the reciprocsls approsch the un-
altered values as the level of the lower stimulus in-
cresses (except when the level of the louder tone is at the
higher metrix intensities). Under the B re A mode, however,
those cells which are inverted slways hsve the louder tone
leading the softer tone. Therefore, the effect of the loud-
er tone lesding is generslly reduced as the level of the
lower stimulus increases.

In 8ll matrices Jjudged under the B re A mode when the
level of the first tone is st the highest mstrix intensities
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the reciprocals become less thawn the unsltered opposite
cell, The resson for this divergence is unclesar.

In general, then, under both response modes, ss the
level of the lower stimulus is incressed, the reciprocsls
will tend to become similsr to the value obtained for the
unaltered opposite cell, Whether or not the reciprocal
will be grester or less than the opposite cell, and how
much this divergence will be, is directly contingent upon
the judgmental response mode, and the level of the louder
stimulus,

Although the present study was designed to minimize
the response constrsints plsced upon 8 subject, & possible
source of bias could have been the effect of s previous
stimulus psir upon the ratio estimste of » subsequent psair,
i.e., sequentisl dependencies. Since the possibility of
substesntiasl sequentisl dependencies being present within
the data wes sn afterthought, only a brief snslysis was
performed.

The snalysis consisted first of tsking four stimulus
peairs which contained intensities st either the high or low
ends for each of Matrices A-C.(designsted heresfter 8s the
initisl psirs). These initisl stimulus pairs were designsted
ss High-High, Low-Low, High-Low, snd Low-High. For example,
in Mstrix B, the initisl psirs were: High-High (65-65 4B SL);
High-Low (65-40 dB SL); Low-High (40-65 dB SL), end Low-

Low (40-40 dB SL). The snslysis further consisted of tsaking
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the median rstio estimate vslues in those cells following
each of these initisl pairs which were com:ion to two or more
of the initiel psirs. For exsmple, in Matrix B, the 50-65
dB SL stimulus combination median ratio estimate wss cslculsted
three times becsuse it followed the Low-High, High-Low,
end High-High initiel pairs in the random stimuli present-
stions. Therefore, the medisn ratio estimeste for 2 common
subsequent stimulus psir could be compsred after differentisl
initisl psir combinations.,

Since the cell order in which the stimulus psirs were
rendonly presented in Mastrices A~C were identicel, it was
possible to compare sny differentisl sequentisl dependencies
between matrices., Tables 26-28 present the results of the
foregoing snalyses.

The results show that there was s tendency for the
High-High initisl pair in esch of the matrices to reduce
the value of the subsequent stimulus pair. This effect wss
slmost as great as the effect of the louder tone lesding the

lower tone in time (;%.results in Figures 16-18).

Ratio Estimate Data and Spatial Conficurstions for

1000 Hz snd 4000 Hz Low Sensation level Tones

Relstion Between the Obtsined 1000 Hz Low SL Ratio

Estimates and Previous Investigations. The problem of how

loudness grows st low sensstion levels has not been investigsted
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Teble 26
Test for Sequentisl Dependencies in Matrix A

Stimulus Order of Preceding Psir

Low-High High-Low Low-Low High-High
(30-80 dB) (80-30 aB) (30~30 dB) (80-80 dB)

Mediesn Rat.

Est. Foll=-
owing Pair
50-80 4B §3.50 2.75 ——- 3.50
60-80 dB [2.65 -— 2.50 2.00
30-60 dB f2.00 -— — 2.00
80-70 dB [1.75 1.50 —-— —_—
—
Table 27
Test for Sequential Dependencies in Mstrix B
Stimulus Order of Preceding Pair
Low-High High-Low Low=Low High-High

(40-65 dB) (65-40 4B) (40-40 dB) (65—65 dB)

Medisn Rat,

BEst, Folle
owing Pair
50-65 dB | 2,51 2.00 — 2,00
55-65 dB | 2.00 -— 2,00 1.51
40-65 dB | 2.00 —— —— 1.75
65-60 dB | 1.46 1,62 —— —-—
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Table 28

Test for Sequentisl Dependencies in Mstrix C

Stimulus Order of Preceding Pair

Low-High High-Low Low-Low High-High
(40-52.5 AB) (52.5=404B) (40-40 dB) (52.5-52.5 dB)
Median Rsat
Est. Foll-
owing Pair
45-52,.5 4B 2,00 2,00 —— 2.00
47.5"’5205 (-.B 2000 - == 1.75 1.25
40-47.5 4B 1,00 —— o 1.12
52.5-50 4B 1,00 1.25 —— ——

*_-Tm
e
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8s frequently ss the growth at moderate to intense levels.
Hellmen snd Zwislocki (1961), however, were sble to plot
the 1000 Hz loudness function to 4 dB SL. These suthors
found that when the stimulus level resched spproximstely
320 dB or less, the slope of the function incressed. Using
the functions plotted by Hellman snd Zwislocki (1961),
Lochner and Burger (1962) found thst the loudness function
could sdequstely be described by the equstion W-K(In-Ion)
(where Io is the threshold intensity snd n«0,27), rather
than the power function (¢hKIn) from the lowest to the
highest intensities. This new equation sccounted for the
incressed steepness st levels below spproximately 30 dB SL,
wheress the power function did not.

Table 29 shows the loudness rastio estimates which sare
predicted from theQV-K(In-Ion) equation if subjects were
asked to judge 8ll peirs in s 1000 Hz metrix fanging from
10-40 4B in 5 4B increments. These velues were obtained
by tsking the ratio between the sone values sssocisted with
different intensities, 8s reported by Lochner and Burger
(1962).

A compsrison of the predicted dats by Lochner and Burger
(1962) (Teble 29) and the obtained dets (Table 25) show thst
the predicted vslues sre high for sll metrix cells. However,
the two sets of data do show close similarities when the
level of the lower tone resches spproximastely 30 4B SL,

Clinicel Implications of Low Sensation Level 1000 Hz
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and 4000 Hz Spsatisl Configurstions. The clinicsel utilization

of the present method of using ratio estimetes combined
with the Anslysis of Proximities is as a test of loudness
recruitment. The sadvantage of such 2 technique is thsat
the proximity plots would relate sll intensities to one
snother with, theoretically, differing configurstions for
pethologicael and normal hesrers.

Another prime advasntage of such a test is that it
would be completely monsural. This, of course, eliminstes
the necessity of requirins thst a patient have a unilatersl
loss using the Alternste Binsursl Loudness Balance (ABILB)
(Dix, Hsllpike, & Hood, 1948; Fowler, 1928). It salso
eliminates the prerequisite that s patient have normal, or
near normsl, threshold at one frequency, 8s required by the
Alternate Monsursl Loudness Bslance test (AMLB) (Reger,
1936).

A test based upon ratio estimates would yield direct
loudness sssessments, snd would not be based upon indirect
messures such as the difference limen (Bekesy, 1947; Denes
& Nsunton, 1950; Jerger, 1953, 1959; Luscher & Zwislocki,
1949).

Specifically, the test would include low sensation
level tones from just above threshold to moderate stimulus
levels. This, of course, is because recruitment manifests
itself st low SL's, with loudness perception becoming more

normsl as the intensity is increased (Fowler, 1928; Steinberg &
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Gerdner, 1937). Since cochlear pathology is sssocliated with
recruitment (Dsvis & Silvermsn, 1970), with the sudiometric
effects being more prevalent st the higher frequencies
(Jerger, 1959), the proposed test should include one
freguency which is likely to be sffected by pathology

(4000 Hz), 8nd one that is less likely to be affected

(1000 Hz).

To this effect, Matrices G snd H (4000 Hz snd 1000 Hz,
respectively) tested s normal group of subjects st the
proposed low sensation levels (10-40 dB SL) in order to
determine if there were any inherent differences between
judegments made at these frequencies for normal listeners.,

Obviously, the configurstions = differ from eschother.
It is seen that for those stimulus psirs where one of the
tones is 20 dB SL or less, grester rstio estimates sre
obtained from the 4000 Hz tones. On the other hand, when
the level of the lower stimulus in 8 psir reaches 25 4B SL
or grester, the 1000 Hz estimstes sre greater. Also,
additivity occurs st different points on each configuration.
The fact that the two configurstions differ from one snother
does not negste their usefulness, but simply points to an
inherent difference in the perception of loudness for
normal listeners at two sound frequencies.

If such 8 test were sdministered to patients with
purely conductive losses, the obtsined proximity plots

should not differ in sny essentisl manner from those found
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in normsl subjects. A subject with 8 cochlesr lesion, on
the other hand, might give differentisl results due to
recruitment,

The development of such 8 test rests upon the varisbility

of s subject's ratio estimates ss well as upon the varisbility

Table 29
Predicted Ratio Estimates Obtained from the Equation
’V-K(In-lon) (After Lochner & Burger (1962))

DB SL Iouder Tone
10 15 20 25 30 35 40
10 1.00 1,80 2.86 4.33 6,34 8,95 12.80
g 15 1,00 1,60 2,42 3,54 5,00 7.15
f 20 1.00 1.51 2.21 3,12 4.45
.g 25 1,00 1l.46 2.06 2.95
a 30 1.00 1l.41 2.0l
A 35 1.00  1.43
40 1.00

of the spatisl configurstions. Evidence sttesting to the
fessibility of the proposed test masy be seen by the in-
variance of the logaA functions for esch S under Matrices A-C.
Since each subject is sble to spproximate the scale genersted
by a group of subjects, it sppears that baseline functions
can be specified for normsls. This, of course, is of utmost

importance in the diagnosis of cochlear pathology.
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Summary and Conclusions

Loudness scsles for 1000 Hz tones, as determined by
conventional scaling procedures have yielded loudness
functions which grow ss spproximately the 0.54 power of
the sound pressure. That is, 8 10 dB incresse in intensity
corresponds roughly to a doubling of loudness across the
auditory continuum. By plotting the loudness ss & uni-
dimensional function of intensity, it is implied thet if
A is twice as loud ss B, which, in turn, is twice as loud
es C, then A is four times as loud as C. In order to test
this prediction loudness rstio estimstes were obtained from
10 subjects on four 7x7 matrices of stimuli st 1000 Hz
with differing inter-stimulus spascings (30-90 dB SL in 10
dB steps; 40-70 dB SL in 5 dB steps; 40-55 dB SL in 2.5 dB
steps, and 30~90 @B SL in irregulsr intervsls). Seversl
types of dats snalyses were employed in making the comparisons
between the present results and those predicted by the
0.54% power function. The first wss e multidimensionsl
representation of the dsts based upon Shepsrd's (1962a,
1962b) Analysis of Proximities. From these snalyses simple
two-dimensionsl spatisl configurstions were found for each
metrix which sdequstely represented the dsats,

In genersl, the results of these four matrices showed

two important features. The first wss that the spstisl
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configurations did not conform to tha plots implied by the
power function, i.,e., & straight line in space. Each
configuration showed 8 region of loudness additivity at

the lower :intencities, and then the figures curved upwards,
indicating incressing non-sdditivity as the inter-stimulus
distsnces increased. The second feature was that in the
metrix where the stimulus rsnge was grest (Mstrix A), the
obtained rstio estimates were much below those predicted by
the 0,54 power function. On the other hand, when the stimulus
range wes short (Mstrix C), the obtasined estimstes were high
relative to the power function. Only when the stimulus
renge of the matrix spprosched 30 dB (Matrix B) were the
obtained values comparsable to the predicted vslues.

The divergence of the results obtained with extremely
short and long stimulus ranges from the 0,54 power function
predictions was hypothesized to be directly attributsble to
the lack of studies in the past which have investigated
loudness over wide snd nsrrow inter-stimulus distances .
The overwhelming majority of past investigstions have
utilized halving or doubling dats, or methodswhich are
strongly influenced by context, thereby reducing loudness
Jjudgments to moderste rsnges.

In order to present the obtained rstio estimates ss
8 unidimensional function of intensity, which, in turn,
would yield linesr proximity plots, seversl processes were

initisted . These included Kruskal's (1968) MONONOVA
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technique combined with the setting of the matrix
disgonals to zero. The results of this process yielded
the loggA(dditive) scele, which could be compsred directly
to the results predicted by the 0.54 power function. It
was found thst for Mstrices B snd C power functions could
be obtained. The slope for Matrix B was nearly equivalent
to that predicted by the conventionsl 0.54 power function,
snd the slope for Matrix C was higher than the conventionsl
function. It was further found that the data for Matrix A
did not yield s power function, but that the loudness growth
was quite slow. These dsts further supported the aypothesis
that the conventional loudness function (0.54 slope) does not
adequately describe loudness over long or short distances.
To further investigste how loudness grows with stimuli
other than moderste to intense 1000 Hz tones, ratio estimates
were obtained for four new matrices (250 Hz tones from
10-70 4B SL in 10 4B steps; white-noise from 40-70 4B SL
in 5 dB steps; snd 1000 Hz and 4000 Hz tones from 10-40
dB SL in 5 4B steps). Each of these matrices wses evaluasted
relstive to esrlier findings concerning the stimuli of
interest. The 250 Hz snd the white-noise stimulus matrices
were evalusted relative to the power functions previously
found for these stimuli, whereas the low sensation level
1000 Hz tones were evsluated relative to the form of the
loudness function nesr threshold.

Those stimuli which were compered with the power lsw
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predictions (250 Hz and white-noise) yielded lower ratio
estimates, and had spatisl configurstions which curved
upwards after a region of relative sdditivity. The obtained
dsts for the low SL 1000 Hz tones were slso low relastive

to the predicted estimates.,

A monsursl tset of loudness recruitment was suggested
which would utilize ratio estimates of loudness combined with
the Analysis of Proximities., The test would consist of
low SL 1000 Hz snd 4000 Hz tones. Some advantages of the
test would be +the elimination of the preregquisite conditions
necessary for the ABLB snd AMLB procedures. [IFurther, the
test would be 8 direct loudness sssessment, snd would not be

based upon indirect messures such as the difference limen,
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