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ABSTRACT

This study invelved exemining the suitability of "most comfort-
‘able loudness level® (MCL) as a reference level in the scéling of loud~
ness by the method sf magﬁitude~estimatieno The hypethesis was ithat MCL
might provide minimal intersubject variability in the slope of derived
loudness functions. |

The testing of this hypothesis imvolved itwo experiments. The
intrasubject variability of MCL for pulsed tones at 2000 and 4000 cps
wag measured im the first @xpefimente The resulis of this experiment did
rot suppoert the reasoning that MCLs obtained under controlled conditions
have sufficient intrasubject stability to warrant use as reference
levels,

Loudness functions based on itwo reference levels of 2000 and
4000 cps”were examined in the second experiment. The twe reference
levels were MOL and 40 dB (res SL).

The results indiceted that all derived individual end group
median loudness functions adhered %o Sé.evens.-" power law ( °‘[7/ = ngS ﬁ)e
The dete did not support ﬁhe.assumptién that the MCL reference level
would minimize intersubject variability in slope. éuggesti@nﬁ are pres=

sented for further research in the area. of loudness scaling.

vii



INTRODUCTION

Loudness scaling is a.meéns byﬂmhichiscientists in many fields
have attémpted to show the relationship between the intensity of the
auditory stimulus and the evoked sensation (loudness). A% least three
general types of scaling procedures are applicable in the investigation
of the 1@udnessminhénsity relationship. These are the category scale,
diseriminability scale, and ratio seale_(S%evensf1959)g Any investigae-
tion ef the appropriatensss of these scaling technigques or the superiority
of any one of the techniques is beyond the scope of this study.

The scaling of sensory megnitudes hés been of interest since the
time of encient astronomers. The first reported use of a psychological
scale seems to have been the category scale of stellar magnitude (Stevens
1958), Men, at about 150 B.C., looked at the heavens and judged the
appafent brightness of the stars on e scele from one to a;xg where six
stood for the Paintest star and one for the brightest (Stevens 1960).
Successive numbers on th@isgale were assigned te successive intervals
‘that appeared to be equal in stellar megnitude.

This methed of category sealing was the first of at least three
types of sensory sceling metheds. Category scales, or partition scales
as they are sometimes called, are those constructed by having the observer
partition a segment of a continmmm into whet appears to be equal steps.

The second general type of scale that can be used to quantify
sensation is the discriminability scale (Stevens 19%9). In 1860, G. T.
Fechner presented the notion that one's ability to observe just

1



matieeable‘differenéeﬂxin sﬁimuli was a.aaéful'méasure‘of senéati@n‘.
(Hirsh 1952). Having determined the size of the just moticeable differe "
ences, Fechﬁer proposed‘to count themzeff~as~he'proeeeded from one end

of the é@mtinuum to the other, and thus describe the relationship
between a stimuluslénd‘itS'evoked sensation.

These first two typesrof’sensgtion.sealing'provide'indireet
scales of sensory magnitude@v Rather than require subjects to directly
estimate semsory magniﬁude5¢-$heyrindireetly'pfovide & measure of sensa=
tien byi%é@uiringﬂsubjects to judge just noticeable differences, ér
partiti@é’é eontihunm~iﬁt@ inﬁervals'tha%féppear to be equal.

VThe thirdvtjpe of sensation scale is based on direct estimates
of the apparent megnitude 6f stimuli. This method permits a ratio scale
because ratios eamong the scale numbers on the physical cecontimuum corre- -
spond to ratios among the indicated sensations, as evidenced by thé |
direct judgments-of aubjacts (Stevens 1946).

' Magnﬁ%ude estimetion is on@jef,thefmethods Stevens eﬁployedfta
obtain ratio se#les_@f 1audness>semsaﬁi@n>(Sﬁevens-1956)° Iﬁ.mggnitude
estimetion the subjéet'is-given-a f@ferem@e:Ievelrwhieh appeafé sémem_
wherez@n~th@'1@u§n¢ss,é©ntipuum‘above his threshold. The'reférgnee;f.
‘leVEl-is'then-presenﬁéd.és,%he first tdnaﬂahd the variable as”ﬁhé second
tone in a series éf‘pairs‘©£ tones aflﬁhelsame;frequencyg The subject
esﬁimates’ratics of sensation between the reference toné‘and the variable
tone. If the variable sounds twice as loud as the standard, the éubjeet'
experiences o sensation ratio of two to one. However, ths~gubject does
not express the comparisen as.& ratie in the method of magnitude estimﬁm

tion. Instead, the experimenter has assigned a number, such as ten, to



>
the standard. Consequently, the subject, inm experiencing a ratio of two
to one, would report that the variable has a loudness value of twenty.

Magnitude estimetion is based on the agsumption that the mumbers
asgigned to different stimuli by the subject are preportionsl to the
sensation levels aroused. This preocedure requires subjeets to meke
quantitative estimates of subjective events.

Stevens (1957) studied a number of sensory processes by the
method of magnitude estimation. For several of these, including loud-
ness, he reported a functional reiati@nship between subjeetive sensory
megnitude and physieal wegnitude which approximates a power function.
Stevens (1956, p. 3) stated,

e o o Under optimal conditions the typical individual is able o
make direct ratic estimations~-=—as much as @ billion to one

(90 dB) in physical intensity, which corresponds approximately
t0 a thousand to one in subjective ratio. In'particular, these
estimates demonstrate clearly that loudness is a power function
of the stimulating 1nten31ty, (a straight line in & log-log
plot.)

The definition formula for this intensity-loudness relatlonshlp
(Stevens 1957, p. 162) is YekS"™ , where

Y = the sensation megnitude

S = the physical stimulus intensity

K,n = parameters. characteristic of the kind of' experience being
scaled,

When this equation is converted to logarithmic form, expressing
log ' as e Punction of log S, the power function can be graphically
represented by a siraight line with n as its slope.

The results of numerous investigaticns summarized by Hellman and

Zwislocki (1961) indiecate that Stevens' power law holds well for the



intensity=-loudness growth relationship en the coniinuum’between %0 end
lOQ dB (re: Sensation Level) at 1000 ecps. At levels between 30 dB

(re: SL) and absolute threshold, Garmer (1948), Zwislocki (1960), and
Hellmaﬁuand Zwislocki (1961) have reported'thét.loudness growth is not

_ a power function but is almést directly proportional to soundvintenSitye‘

The effects %hat~differénﬁ sensatio#:reference levels reportedly'
‘have on the loudness function are of immediate relevance to this'stﬁdy;
Stevens and Boulton (1956, p. 72) stated; ". . . the slope gets steeper
instead of flatter as the 1evely6f the staﬁdard is increased.”" More
recently, Hellman and Zwislocki.(l96l) studied the effects that different
SL reference levels had on the lcudneés function. They used reference
levels between 40 and 90 dB (res SL) and found that the exponents for
slope became greater with highgr réference levels,

Oﬁher‘invesﬁigaéions that directly relate to %his‘study are
these that report the variability in élope-among 1oudness functions
{Stevens 1956); (Hellmen and Zwislocki 1961). These studies indicate-

.Lhat sl@pes based on gr@up medians for loudness estlmates at 1000 cps
are constant from one 53331@n %@ another when the reference level used
with a given group has a common setting’(re: SL) and a common numericeal
designator. | -

Howeﬁefg such stabilityxis»?eportedly not true fo: individual
loudness functioﬁsav Other ihvestigétors J. C@ Stevens and M; Cuirao
1964) have observed 1nd1vidual dlfferences in slope when meking inter=
subject and test-retest 1ntrasubgect comparlsons, They observed inter-
subject differences in exponents of from 0.4 %o 1.1 at 1000 cps. These

data show that there is considerable intersubject variabiliﬁy in the



slope of the loudness function when the reference levels used are the
same intensity. The effects of various reference levels on the slope of

individual loudness functions is of primary concern in the present study.

Statement of Problem and Purpose

The problem confronting this study was to find a reference level
that would yield limited intersubject variability in slope. The purpese
was te test the suitebility of a certain refereunce level in an effort to
solve~this problem. This reference le§el was "most comfortable loudness
level.” |

‘ This investigation considered whether the abstract sensation
level judgment of "most comfortable loudness level® (MCL) had suffieient
equivaleney as & réference level to permit limited.variébility in slope
among subjects. It was hypothesized that although MCL does not represent
»a,commen,intersubjeét dB level above absolute threshold, it might provide
equivalency of loudness and of subsequent slope of the loudness function
ameng subjects.

This hypothesis was ﬁesfed by investigating the slope of the
loudness function in normal ears at 2000 and 4000 cps. In one condition
40 dB (re: Sensation Level) was the reference level, and in the other
condition MCL was the reference level,

It was further reasoned that the MCL reference level would have
to be steble in order to serve as o suitable reference. That is, there
shouldfbe limited intrasubj;ct variability in subjects' estimates of
their MCL levels, The investigation of this requirement involved

another experiment in this study.



Thus, the scope of this study included two experiments. The
first experiment was designed to investigate the intrasubject variability
of MCL in normal ears. Average MCLs at 2000 and 4000 cps were obitained
twice.far each subject with an intérval of one week between experimental
sessions.

The second experiment was designed %o investigate and compare
the effects two sensation reference levels have on loudness estimations
made by subjects with normal auditory sensitivity. The two reference

levels were 40 dB (re: SL) and MCL.



METHODOLOGY

The present study was concerned with examining the suitebility
of "most comforteble loudness level" (MCL) as e reference level for the
metﬁod of magnitude estimation. Twé expériments were invelved in this
study. The first experiment was developed to consider the intrasubjeet.
veriability of MOL estimates. The second experiment was designed to
disclese the effeéts of two different reference levels on the slope of

the loudness funciion.

Subjects

A group of six subjects with normal auditory\sensitivity at the
test frequencies ecomprised the test group for»both experiments. These
subjects had absolute thresholds ranging between seven and nine dB at
2000 cps,'an@ between five and fen dB at 4000 eps. .In both experiments

only one ear of each of the six subjects was involved.

i

Apparatus

A Maico MA-8A clinicel audiometer with TDH=39 earphones was used
for all conditions in both experiments. The subjects were tested in a
sound-treated room. Before and after testing the experimental subjects,
the output sound pressure levels measured at the earphones with an
Allison audiemetrie calibration unit were within the limits of the
American St&ndarés Agsociation’s calibration st#nd&rdsa The indicated

output levels were within £ 2 dB of the prescribed standards.



Procedure c
In the experiﬁent in whieh the intrasubject variability éf:“mésﬁ
.comforﬁable loudness level" ﬁaa examin@d,»ﬁhe;M@hs-for 2000 and 46@5~cps
were @Etained for pulsed ﬁénes-gdjust?d»in”loﬁdnéss by a modification of
»ﬁh@ psy@héphysical-te@hmique of methed‘@fliimits@ The pulsed tenes were \
‘iﬁtréduc@d 2t threshold‘lavelo-_The.sfimuluS-imtensity-was'increésed ih-
‘4wo dB steps until the subjects indicated that their MOLs had been -
rea@hede--Thié ascending procedure wes repeated three tines iﬁ.eéeh
session. 4Average~MCLs>were-derived\for'each-subjeet for eech of the Lwo
sessions. (See Appendlx A f@r a copy of the 1nstruct10ns to subjects. )
Pulsed tones were used in erder to llmlt the oc@arrence of
guditery ad&ptatlang Eaeh pulsed tone had 8" duratlon @f ) second.
There were .5 second silent intervals be%ween~pulsesa
- In the magni%ude»estimaﬁien experiment the six sﬁbjeets were
required.to make estimates of;lcudness-duriﬁg two separate half=hour
testing sessi:@ns0 In one session s reference level of 40 dB (res Sensa~
tion Level) was preéentedzto,the subjeets. In the next session the
standard.ﬁés set at each subject's previously‘détermined~“m@st,cemfort=
able loudness 1evélﬁ (MCL), Three of the subjects reeeivéd the 40 dB
standard in their-first QégsionQ' The gther-threensubjeets~were given
the MCL standard during their first session.
\ This pr@cedﬁre followed two suggestions given by Stevens (1956)
for eliﬁinating gontext effects. Otevens propeosed that no more then one
: feferenge Level bé~used in one-seséiang and that the sessions should be

| brief in order to aveid fatigue.



In both conditions the number ten was used as the numerical
designator for the reference levels. Ten was a desirable number for
- this purpose becagse it was easy for the subjects to multiply in deters
mining ratios of sensory magnitude.

The 40 dB standards were determined by adding 40 dB to each
subject's absclute threshold at each of the test frequencies. The
reference levels were then presented to the subjects, and the subjects
were instructed to assign the value ten to these levels. Next, the
subjects were informed that they &euid receive a series of pairs of
tones monaurelly, and the first tone in each pair would be the tone with
the value of ten. They were then asked to compare the loudness of the
first tone to the loudness of the second tone in the pair and indicate
their ratio comparisons by expressing any number of their choice that
represented the loudness of the second tone. The subjects were informed
that any gifen pair could be successively repeated if they felt uncertain
in meking an estimation. (See Appendix A& for a copy of the instructiens
to subjects.)

The feferenee levels were paired‘wiih tones of lower and higher
intensity. Fof @dnveniencep ten dB steps sbove and belew the standards
were employed. The ranges of the comparison iones were fr@m one ten 4B
step below the standards to four ten dB steps above the standards.
Comperison tones below 30 dB (res SL) were aveided in order te stay
within the range of power law applicabiliiy vhich was discussed eariier.

The comparison tones were paired randomly with the reference

tones. Two estimates were ebtained for each pair.
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The paired tone presentations consisted of a one second refer—
ence level presentation followed by a half-second silent interval; then

8 one second comparison tone was presented.



RESULTS AND DISCUSSION

The date which sppear in the following analyses were derived
-from two experiments, The First experiment was designed to examine the
intrasubject variability of MCL estimates which were obtained in a
relatively controlled end specific manner. A kngwledge of this intra=
Bubject variabiliiy was necessary to assess- the sﬁitability of MCL as a
reference level upen which {e base loudness judgements.

The secen@ experiment was constructed to investigate the effects
of two sensation reference levels upon loudness functions obtained by
the method of magnitude estimation. The main purpose of this experiment
was to observe whether the MCL reference levels yielded "equal’ inter-
subject sensation levels and émbseqmenﬁ limited intersubject véri&bility
in the slope of the loudness functien.

The twe sensation levels used weredeL and 40 dB (res SL). These
two reference levels were employed in obteining loudness estimatés of
tones of 2000 and 4000 cps from the experimental subjects. Group median
and individuel loudness functions were derived from the subjects'
estimates and examined for differences.

The amalysis was divided inte two general parits. The date
obtained in the experiment designed to investigate the intrasubject
variability eof MCL comprises the first part of this discussion. The
latter section efvﬁhe discussion involves an analytical ireatment of +the

deta from the magnitude estimation experiment.

11



Ixperiment 1

The - Intrasubjeet Variability‘of MCL

.Oneuéf‘the-faétérs that was ﬁsed to decide thé suitability of
- MCL as a reference level was the ameunﬁ,of-inifasubject variability of
MCﬁa In order to establish a criterion of limited intrasubject vafiam
bility for MCL, the sensitivity of the normal ear to loudness change at
suprathreshold levels was considered. If the test-retest variabilily in
MCL estimates far exceeds-ihe’sensitivi%y to léudness’changes at compa% ’
rable loudness levels, then MCLlp?obably'does not represent a stable
test-retest sensation level. |

Hirsh (1952) has summarized data reported by Riesz and Kmudsen
whiéh‘indicate-thaﬁ the "just moticeable difference” (JND) for loudness
at 2000 and 4000 cps is épproximately 0.5 dB at MCLAlcudhéss levélsa
ﬁoré reeently,'ﬂérris (1963) pointed eut, thaf uhdér;optim&l conditions,
the JHND for loudness is to the erder of 0.5 dB or 1ess for most audible
frequencles and leudness 1evelsn- Because the ncrmal ear is so sensitive
to loudness change, it w&s-reasoﬁed thet the mean tesﬁmretest variability
of MCL would have to be approx;mately 2 dB or less in order for MOL o -
be c@ns;dered ‘a stable reference level for 1@udness scallng purposes.

'A eomparison»was(made between each subject's estimates of MCL -
which were obtaineﬁ in different-e#perimental sessions. The results of
© this testmreﬁes%»experiment‘présented in Table I, indicaﬁe the amount of

intresubject variability observed for the experimental subjects.



Test-Retest MCL Differences for 2000 and 4000 cps

TABLE I

2000 cps
Subjects Test Retest d
IM 36 40 +4
ES 42 38 <4
BR 58 60 +2
PG »447 46 +2
SH 4o b2 +2
TL 50 54 &
4000 cns
Subjects Test Retest d
JM 38 40 +2
ES 56 50 -6
BR 54 60 +6
PC 54 50 =4
SH 42 8 -4
TS 50 56 +6

13
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The mean of the intrasubject differences in ﬁCbg_obtaihed after
- & seven day period, was 3.0 dB ét 2000 cps. The mean éf the differenees
was 4.7 dB at 4006 P8, .The analysis indicatéd that the 2 4B criterion
wa.s not met. .Thereforé; it is indicated:that_ﬁhé inirasﬁbject vgfiam
biliiy Qf MCL is too‘large to qualify MCL as a stable reference level
fer the methéd of m&gnitﬁde estimatigﬁe iHowever, another important
facter germane to the considerstion of the applicability of ECL ag a

réferenée level is the effects it has. on the loudness function;

.Experiment 11

The Effects of~Two-Réference'bevélsfén the Loudness Function

“Analyseé of the data derivgé‘in the seccnéaéxperiment are pre=
sented in the f@lléﬁing-&iseussione These dgia were @btaineé in . the
investigétion @f}fhe effects of two differént'refe;ence'ievéié‘upan the
loudness functions at 2000 and 4000 eps. | |

In this magnitude estimation experiment the resélfs were plotteé
graphically on XY Qeordinafes in order t@_eléarl? show‘thé rélationship
between the intensity levels an¢ the subjects‘ loﬁdnsss estimati§hse |
lndividual'an&'gr@uplme@ian loudness funetions were derived by the
method of‘;east squaéesg, These functions are located in Appendices Bb
and G; | |

The Iéasi squeres prinﬂiple (Blalock 1960) involves finding the

(uniqué straight line from which the sum of the squares of the deviations
of the actual Y velues from this line is = minimuma Thus, if vertical

lines -are drawn from each of the points to the least-squares line, and
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if these distances are squared and summed, the resulting sum will be
less than the sum of squares from any other possible straight line.

The regression equation for the least squares principle (Blalock
1960, p. 280) is Y=za+bX . This equation states the nature of the
regression of Y on X, On the ordinate Y appear numerical magnitude
estimations. Ten dB intervals of intensity above and below the reference
levels are located on the abacissa X. The value a is the point where
the function intersects the ordimte on the loudness scale. The value
b is the slope of the function.

The least squares procedure wes used to determine the values for
the paremeters 8 and b. The computation formulae for a and b (Blalock

1960, p. 284) are as follows:

b-=NIXY -(ZX) (ZY)
NEX* < (Z2X)*

After a and b values were computed by the method of least
squares, values for Y were determined by the formula Y=a+bX. Individual
and group median loudness functions derived by this procedure are
located in Appendices B and C.

The applicability of Stevens' power law to the loudness function
was discussed earlier. When the formula for this law (W:KS" ) is
converted to logarithmic form ( leq ¥ :log k + nleg s ), the power
function can be graphically represented by a straight line among log-log

plots.
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Since the logarithmic form of Stevens' power law converts the
power relationship to a linear one, the method of least squares can be
used to determine the constants of the linear regression. The logarith-
mic form of Stevens' power law (Guilford 1954, p. 17) is log ¥ =
log a+b log X. When converted to antilog form, this formula becomes
Y = axP which is analogous to Stevens' power law (W =kS" ),

In order to determine how well the data fitted the straight
lines derived by the least squares procedure, product-moment correlation
coefficients r were computed for the individual and group data. The
value of r indicates the amount of positive or negative correlation
between Y and X in the regression of Y on X. Correlation coefficients
greater than .90 or less than -.90 indicate high positive and high
negative correlations respectively. One computational formula for r

(Blalock 1960, p. 289) is as follows:
NZIXY -(ZX)(ZY)

VO NEXY -ZX] [NZY*-(ZY)]

Group Median Data

The values for r exceeded .90 for all functions based on the
group medians of estimates. These values indicate high positive corre-
lations for the regression of Y on X in all conditions. It is apparent
from these high coefficients that the data fitted the linear functions
very well, It follows, then, that the medians of the subjects' loudness
estimates of the intensity levels ascended in linear fashion. The exist-
ence of these linear relationships is in agreement with Stevens' (1957)
assertion that loudness changes as a power function of the stimulating

intensity.
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The resn1£s~in.Table II indicate the differences in the meﬁiaﬁs 
- of the loudness estimates and in the derived group median loudness |
functions. Values for b were determined for both reference levels at

 the two test frequencies.

TABLE II
Group,M@dian;Data for Slepe
The derived group median velues for slepe and inter

quertile renge were multiplied by one hundred in erder %o
represent them in a perspective that better faeilitated

comparisons.
b T
, MCL  40SL MCL. 40SL
Group Medians at 2000 cps 1.4 1.0 099 .99
Interquartile Ranges- 0.5 0.2 ' '
Group Medians at 4000 cps 1.5 0.9 .99 .99
Interquartile Ranges = 0.6 0.2 :

 Differences in group median slope were observed between the two
reference levels. At 2000 cps b was 1.0 for the 40 4B (res 8L) referenee.
level anﬁ 1.4 fer the MCL rgference level. An even gre&terwdifferen@e
of 0.6 inithese-grvaluesﬂwas~@bserved-at 4000 eps. It ﬁés~reaseﬁed‘that.‘
these differences resulted beeausevthe,MGL reference levels were grea%er
in intensity than the corresponding 40 dB'refErence~levelso . These
findings support past observations by Hellmen and Zwislocki (1960) that
slope increases ag, the reference level ié,r&ised iﬁ intensity.

Dérivation @f’interquaftile ranges for thermedian él@pe values b

represenﬁed‘an@ther treatment of the data. The imterquartilé-raﬁges
provide estimetes of the varlablllﬁy in. the individual sl@pe values

around the group median slepe- va,luea0
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The imterquartile ranges for slope which appear in,Table II are
greater for the MCL based functions obtained at both of the test
frequencies. The EGL reference levels at 2000 cpe ranged 48 to 70 4B
above the absolute %hresﬁolds of the experimental subjects. & similer
range of 46 to 69 dB occurred at 4000 cps. Since the slope of %the
function is related to the intensity of the reference level, the greater
intersubject variability for the MCL based slopes may have been the
result of the MCL reference levelsnﬁeing at various intensity levels;
whereas, the 40 dB stendard was at a constant intensity (res SL) for all
subjects. |

Interquartile ranges were also determined for magnitude estima-
tien values Y. These.ranges-gave measures of varisbility in the
subjects' loudness estimates of the comparison tone intensity levels.
The interquartile ranges for the group medians of the loudness estimates
Y of the comparison tones are shown in Table III. These interquartile
ranges were derived for estimates made with thé two reference levels at

both of the test frequencies.
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TABLE III | )
) GommbnéL@gSv@f thehlmterqu&rtile Ranges
for the Group Medians of Estimates Y
2000 cps 4000 eps.

Comparison Tones MCL 40SL Comparison Tones MCL 40SL

-10 09 .21 -10 06 1k
RL‘ .00 .07 RL 07 .05
10 .05 .06 10 Ok ,09
20 .11 .06 20 .25 .04

0 .2 12 30 21 .06
o .30 .47 o 16 a7

The comparison tones pfesented at 30 and 40 4B levels-ébove the
MCL referenée-le#els—elicited some extremely»high magnitude estimations.
’Also; the variability in estimates was greater when the esﬁimates were
mede at 30 and 40 dB‘levels abeve the MCL reference levels, Much less
’vvafiability we.s qbsgr?eé smong the esﬁimétes of the comparison tones 30
and 40 dB above the 40 dB referemce levels. This greater variability in
the medians of the estimateé-50 and 40 dB above MCL wasg probably the
result éf these MCL comperison tcnés being as.much"as 30 4B greater'in
absolute*imtensity'than corresponding 40 dB reference level comparison.
tones as can be seen in Tables IV an& V on page 21

Greater variability in estimates of high intensity levels has
been explained.bnytevensf(l955)@  He points out that some subjects tehd
to overestimate thé relative loudness of high intensities. This context

- effect was~ap§arenily'oper&nt in the extreme estimates of high intensity
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levels made by subjeethBR and TL, As & result, the interqéartile‘
ranges for the'mediaﬁs of'estimaﬁes>made at 30 and 40 dB levels aboﬁe
MCL were lérger than those derived for corresponding comparison tones
~ above the 40 dB reference levels. |

~ In summary, tﬁe‘analysis of the group median data indicate the

follewing observationss

1; -The~gr@upsm@di@nwlau&neséﬁfﬁncti@ns for all éonditiehs are
liﬁear,in log=log plctéa This indicates that, for grouped data, loud=
ness change may be expressed aé & power function of the stgmulating
intensity.

"~ 2, The group median values for slope b wefe-greater;fcr'the MCL

based functions than for the 40 dB based functions at both test
- frequencies. This finding can be expected because the MCL reference
1evéls repreéeﬁted higher intensities than the 40 4B refééence'levelse.

3. hThe~inierquartile ranges fpr the group median slope values wefe

‘larger for the MCL ref@rence level functions. It is propesed that these

. differences were the fesulﬁ of the MCL reference levels representing

intensity 1evels;£hat varied from subject to subjeéﬁ, whereas the fixed
4o dB'refefencé‘levelé'represenﬁed stable intersubject intensity levels
above absolute threshéld; |

| 4, The interquartile ranges,forithe medians of the subjects'! loud-
ness estimates g‘were greaﬁer’forbthe 50 and 40 4B levels above the MCL
reference levels. .This can be explained by thé.tendency of some subjects
to overestimate ﬁhe relative loudness of the high intensity comparison

tones,



Individual Data

TABLES IV AND V

Slope Values fbr Individual Functions

The derived values for slope were multiplied by
one hundred in order to represent them in a
perspective that better facilitated comparisons.

2000 cps

b r
Subjects MCL (REs SL) MCL  408L MCL  408L

M 48 1.3 1.2 98 .99
BS 49 0.8 0.6 .98 .99
BR 70 2.0 1.0 299 .99
PO 55 1.6 1.0 99 .99
SH 49 1.2 1.0 95 .91
TL 65 1.7 1.3 99 .97
4000 eps
b ' r _ -
Subjects  JOL (RE: BL) _ WoL  HOSL WoL  BosL
e 46 1.2 1d .99 .99
ES 62 1.1 0.7 98 .99
BR 67 2.1 0.9 98 .95
PC 60 1.6 1.2 98 .99
SH 55 1.5 1.0 99 .94

TL 69 1.8 0.9 99 .98
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The results of the characteristics of the individual loudness
functions are reporied in the following discussion. The individual
loudness function values for b end r are presented in Tebles IV and V.

These velues were derived for each subject at béth reflerence levels for
Vboth frequencies.. The intensity levels (res SL) of the individual MCLs
are also reported in these tables. ;

As wes the case for the group medianm functions, r values were
also ‘high for all individuwel functions. All r values exceeded .90 which
indicates that the linear curve fitting is quite accurate fer all
individual functions. - These results support the find;ngs of Jo Co
Stevens and Guirao (1964) that the intensity-loudness relationship in
individual functions adheres to S. S. Stevens' power law.

The date represented in fables IV and V @nabies one to se; that,
for each subject at Eoth test frequencies, the slopes of tﬁe functions
were grester for the MCL based functions than for the 40 4B based
functions. The greaterislope values for these functions werse probably
the result of all subjects' MCLs being greater'iﬁ intensity than their
40 dB reference levels. .

The histograms in Figuresll and 2 represent the data from Tables
IV and V. These figures show, in a different perspective, how steepness
of the curves was perhaps generally related to the intensity of the

reference levelss



Figures 1. and 2.-~Histograms Showing the Positive
Relationship Between Intensity Levels (re: SL) of
MCLs and the Amount by which MCL b > 40SL b.

2000 cps
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0.7 70
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b > b 0.5
0.4 55
0.3 S 65
0.2
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4000 cps
1.2
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b > b 0.5
O.4
0.3 55 | 60 | 62
0.2
0.1 48
0.0

=

SH PC ES BR TL

Intensity of Subjects' MCLs (re: SL)
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These histograms enasble one to see that relative increases in
slope accompanied increeses in the intensity of the MCL reference levels.
These data supporﬁ the postulate that slope increases as higher refersnce
levels are used.

The values for slope indicated egnsiderabis intefsubject varia-
bility in all conditiongc At 2000 cps the range of individual exponents
b was from 0.8 to 2.0 for the MCL based functions, and from 0.6 %o 1.3
for the 40 dB based functions. ?or 4000 ecps the b values ranged from
1,1 to 2.1 when the standerd was MCL, and from 0.7 to 1.2 when the
standard was 40 dB. ’

These results indicate that, within the limits of this study,
neither of the refersnce levels yiglded so-called equal sensation levels
among the»experimental subjects, Thus the assumption that MCL might
p@séibly yield common inbtersubject sensation levels and subsequent
limited ﬁariability emeng the individual exponents was disprevedé

Individual functions may be summarized by the followings

vls Individual as well as group median loudness functions adhere teo
Stevens' power lai, | |
2, In generaig slope b increeses as the intensity of the reference.
level increases.
"3, The considerable intersubject variability in slope indicates
that neither of the reference levels yield so-called equal intersubjeet

sensation levels and subsequent limited variebility in slope.



SUMMARY

The applieability of twoe reference levels in obtaining loudness
functions at 2000 and 4000 cps was exemined in this study by the method
of magmitude estimation. The assumption was mede that a "most comfori-
able loudness level" (MCL) reference might yield equsl inéersubjeci
sensation levels ané 1imi£ed variability in ﬁhe:slope of derived loud-
ness functions. |

The study involved two experiments. The first experiment was
designed to study the intrasubject variability in MCL estimates. .MCLs
wers obtained from six normsl hearing experimental sﬁbjects in twe
separate testing sessions separated by & seven day intervaly The
resulting testi~retest differsnces were observéd and analyzed.

The second experiment imvolved an exsminetion of intersubject
variability in derived lbudness functions based on two different refer-
ence levels. The two reference levels were MGL.and 40 dB (res 8L).
These reference levels were used in obtaining loudness estimates at 2000
and 4000 eps from six normal hearing subjects. The resulting loudness
estimates were used to construct group median and individwal loudness
f‘unc‘tionso A rumber of intersubject differences in the subjects' loud=-
ness estimates and resulting slopes were observed and analyzed.

The fellowing conclusiqns*result from the analyses of the dats
obtained in the two experimentss

1. The observed differences in the subjects® MCL estimatgs in test-

retest sessions indicate that MCLs, as obtained in tﬁis study, do mot

25
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show the limited intrasubject variability necessary for MCL to be appli=
cable ag a stable reference level,

2. Changes in the intensity-~loudness relationship in both individual
and group median loudness functions at 2000 and 4000 c¢ps conform to a
povier function of the stimuwlus intensity.

3. Group median and individual vgluesnfor slope inerease as higher
intensity reference levels are used. ’

4, Subjects tem& to overestimate the relative loudness of high
intensity levels. These overestimetes represent one source of inter-
subject variability iﬁ estimates of loudness end resulting slopes.

5. Neither of the two reference levels yielded equal sensation
levels nor limited intersubject variability in the slope of the derived
loudness functions. As a result;, the apriori reasoning that the MCL
‘reference level might provide sufficient intersubject stability in
sensation levei and resulting slope wﬁs not supported.

A suggestion fer further research is that less intersubject
variability will be observed if extremely high intensity levelé are
avoided in the magnitude estimation procedure. The search for a refer~
ence level that yields limited variability in slope could involve the
exemination of loudness functions that are based on reference levels
between 30 and 60 dB (re: SL) and comparison tones of five dB steps

between 30 and 60 dB (res Sﬁ)e



APPENDIX A - INSTRUCTIONS FOR SUBJECTS

Experiment I

| I will present a feint pulsed type tone to you. When you hear
this tone you are to motion to me with your hand, and I will start |
inereasing the léudnesa.of‘this.tcne in slow steps. You are to contimue
motioning to me to increase the loudness until you feel that the loud=
ness of the‘tcne is most comfortable to you. When this most comfortable
loudness level is reached; you are to stop motioning for loudness
increases and hold your hand steady. We will repeat this task three

times,

Experiment II

I will present & tone to you. This tone has a loudness value of
ten. I will then present & series of pairs of tones. The Pirst tone in
every pair will be the tone with the loudness value of ten. You are %o
compare the loudness of the two tones in each pair and tell me how loud
you think the second tone is. For exsmples If the second tone in a pair
sounds twice as loud as th@.firét ﬁgneuin that pair, you might say that
the second tone has a loudness value of twenty. You are to express teo
me the number that you think best indicates the loudnsss of the second
tone in each pair. If you are hesitant in meking & judgement, I will
present that pair of tones again upon your request. In meking your-
comparisons you are to consider only the two tones in & given pair, and
not any of the tones from preceding pairs.

27



APPERDIX B = GROUP MEDIAK LOUDNESS FUNCTIONS

The linear functions that are located in this Appendix are
fitted to data plotted in one form of log-log coordinstes. On the
ordinates are the logarithmic relaticonships betwsen the numerical magni-
tude estimations. On the abscissas are logarithmic derived intensity
intervals.

In computing the values for g and b a constant of one hundred
wes added to ell X values in order to eliminate the use of negative
numbers. in the computation formulae., Thus, the intensity values 90,
100, 110, 120, 130, and 140 were used for computation in place of =10,

BL (reference level), 10, 20, 30, and 40 dB.

28



Appendix B Continued
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Appendix B Continued
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Appendix B Continued
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Appendix B Continued
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APPERDIX C - INDIVIDUAL LOUDNESS FURCTIONS

The linear functions that are lecated in this Appendix are
fitted to date plotted in one form of log=log eccordinates. On the
ordinates are the logarithmic relationships between the numerical magni-
tude estimations. On ihe abscissas are logarithmic derived intensity
intervals.

In computing the values for a and b & constant of one hundred
was added to all X values in or&er to eliminete the use of negative
numbers in the computation formulae. Thus, the intensity values 90,
100, 110, 120, 130, and 140 were used for computation in plece of =10,
RL (reference level), 10, 20, 30, and 40 dB. The individual loudness

funeﬁioﬁs appear on‘the following pages.
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