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Equating Individual Dilferences
For Auditory Input

Pipame Sledlorvmnrss

Phefwertmirnd s i Koz i, 1 liiveiads [inlirge Doamdin

ARSTRACT

While the level of intensity of 3 stimwlus is highly condralled In mosd prpchalogical
ﬂ-r"-luf.u, there han never been 8 correspaniding demansiration that the level of wlimis-
un intensity by perceived hy diflerent mabjecrs as helng eqmivalent. That this is mnt the case
hes been demonziraied heve, Boib fndividusl diferences snd s stromg ellec) of sen were
whaerved, A lTormuls is given wherehy conirod of ispui cam ke related o prreived
Tudneys, )

DESCRIPTORS: Sensation level, Smind pressure level, Ovleming respomse, Scarile
reaponse. Lnrominriable loudneas level

An unwritten assumiption in much psychological literature s that ohjeaive
sandardization of input to the subjeci implies a correspondingly standardized
subjective reaction, in that fixed levels of stimulation will be perceived as
equivalent between subjects. Because of this assumption, conclusions regarding
wibject differences in response to stinnili are often atributed o such phenao.
mena as personality (Spence & Farher, 1953, Eysenck, 1967), cognifive siyle
{Silverman, Buchsbaum, & Flenkin, 1G5, bue almost never to basic diflerences
in enduring levels of sensitivity, With respect 1o such differences i is it restiin®
ihai the sex variable is consistently found in affect both hearing thresholds ar
frequencies above 4000 Hz (Corso, 1959} and visual acuity {Roberis, 1964) A
more sensitive auditory or visnal system could relate to o more sensitive Te
spiae tn loudness or brightness, However, experiments on hearing teml 1o be
egative in this respect, Barbenza, Bryan, and Tempest (1970 have Towad g
tarrelation between threshold Tor hearing and lovdness scaling, whercas Huwsl
11%68) and Stephens (19700 suggest that there may be a negative relationship
ketween ibve two when sensation level (SL) is the criterion,

This poses a problem. How can nne ensure that different subjeois perceive
the stimulus administered in a comparable fashion? 1f a correlation exiss
between threshold and intensiy judgments then the most siraighiforward
silution i erpstire eriivalent inpuat wounbd be 1o fix levels ata certainnnmber of
decibels above threshold (sensation level) as was done-by Keele {19700 1 no
tarrelation exists then an adjusiment or ratio score must be derived whicl
inclades subject differences in judgment of intensity. " R
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The problem of equating input for subjects becomes particularly critical for
FK'II_'IIlIIH-I"'III;ﬂ i i'rs:l.'r'h1|1'r|1r:|:irr]ng'!.' whiere .'Illlﬂll"rl:lir respanses I siargle i
|:|1*1_".4.1.:|rm:l|:| tes chilfer Froom those 1o the l:l'il:uling resjmse, Giraliamm :||-||;| cHHm
(1966) in thewr review of the literature report that the startle response ean
nccur from aboui T0-75 decthels (dB) as measwered by heart raie acceleration,
whereas the orienting response pridlucing deceleration is Tound 10 stjmal;
below this level. Unn and Crings (1965) Tund a uniphasic deceleration anly,
o tomes of G0 dB or less. A similar problem arises when magnitude changey
ol vegetative resprnses such as the galvanic skin reaponse and blood flow g
the dependenr varitldes. As the stantle response or defensive reflex has
pesti-habitomaning pooperties, while the avicining response haldoeaees (Sokobos,
168, then an acewrpte pssessinent ol the level which prodoces siactle in oany
indlividual is imperarive, '

1'his R EE rejris data Frovm HE“EIT“I ;llr:r].' o deecdivicdlual dilferences in
perceptinn which are wsed o investigate the relationship between threshaold
anel pevceived boudness (MoGoinpess, 1972) The ihreshold measure was gar
vied out in lne with the pormal andiometry procedures using the Meghaod of
Litmiea inv oiceler thiat the resalis coalid e l;|1-|11'|1=rr,-1| flir:l.'ﬂg.- with the avadable
irierrpitive darg, The tesis foor lnedness 'rnl:r:'m't].'.i|.|1f|.:1'|lt'||l etitployved a modified
techobque o that normally wsed for experiments on “sncomfortabde™ or “un.
pleasant™ hmeedness levels (LLEL) (Hoed, 1968, 5I|.'I|gt|1:||5. 147 1k In the curreni
experiment the subject was asked for o loudness illfl_ﬂ'l'll.flﬂ based npon a
hyprihetical scale of loudoess Tevele This was dine both as an attemp in
elimmimate any iteraction of Fear with lowedness _'|llr||_:_{'r|1{.‘|||: anel fo ensure greater
reliability hetween subjecis . .

Fev measure Gctors ol personaliy which might b expected o relae w
responses in sensory input, the ITPAT Congact Personality, Mewroticism, aiid
Anxiety Questionmaires were emploved (Cattell, King, & Schuettler, 1954;
Scherer & Carell, (961 Canell & Scheier, 14963),

Method

Swbjecrs

Falry students poriicipated o the expeviment (25 males and 25 femalest
1 hc:,l were st g seconrl vear ]H':.'l:llilllbﬂ'!.' ||||f||:'rg|;||;|||..11;:-|._ 1 he age 1Hige
wind Froin TR 20, wigh @ miesinn agge of LG yrs.

Appraratus

The expeviment employed o Perer's S5 Clinical Awdiometer, with
TUH-30 carplweses i MX-0 AR coushions, The sudimneter was checkerd b
cilibirionn usaeg an artlicial e proioe e the experiment, and also ammedined
alter the expeviment was coampleted, Calibton was fimnd v be satistactony al
the comluision of e experiment. oe oo ihe avalable cilibieagion fenes, il
frescpueerocnes ool TECUERE sonved V20K B comaled ooy Ve chiecked For relnive accor-
cve e el vecoedledd s these fregoencies was veporied foe thiveshiesld, T e
analyans i cavreesl omen alweve O [z v

The exparriment was civewsl oo i o serpi-senpcdpmoeslinl wisslowhess
awvereticlly pileel veiem
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Procedure

Threshold measures were carvied oo in accordance with the recommenderd
sudwmetric technirpee, Uhe 5 was iold thar he wonld be presened with o serics
of comtinuons twomes of dilferent Treqeeencics and each enr wins o hie simuolaierd
separmely. The frequencies employed were 125, 2500 500, 10TH, 2000, SN0,
ADDD, GO0, BOOD, 10.000, and 12,000 Hz AN 55 had 2 descending and 2
awending trials for each ear at each Frequency. Thresholds were measured 1w
the nearcst d B, :

In the loudness test the 5 was seated facing the sadiomeier aml was asked w
st the attenuator (0 a decibel level which he felr was “town boad ™ This was
tased on a verbal mting sequence: Tnooedibde. Eaimby aoadible, distince, Tairly
e, vovey B, vameemadveialaby Teonnek, praiee, At the pusind where a “F'.1i'|1!.' lwrel ™
wone became o o™ the & was asked restop the sitemziore aned bis response
was recnrded. Encli § Biael % ooalds o afl the Frespuencies in the ronge 250- 80001
in ranetomn arder and Bad his eves clossd thioughonr the eide. Al ones were
preseted moraurally in the ear with the best overall thoeshold, 17 this cnold
el be dletermined, § received lelt ear presemtanions, Each 5 was asked o [l in
three personality questionnaires: The Caiell Anxiety, Nearoticism, and CPT
(Exteavest-Introvert) scales,

Besults

Pori |

Threshald curves are presented in Fig. 1 and lusirate the sex dillerences
normally found ar higher Frequencies, alihough these dilferences pre less
matked than those usually recorded and do not appear until GO Hz .o

b [T] .'Ilﬂl!rﬂh wik e ol o any parl ol ihese curves, n;:tl’mj‘ represen|
tjeral dhreshold eurves For this age group QGoren 19549, Eagles,  Wishik,
Mearrfber, Melnick, & Levine, 1963: Hull, Mielke, Tinvnons, & Willelford, 19715,

Part } i

Lowerdniess estimations were remarkably consistent within 5s. seldom varying
mare thin 5 dR across the frequency mange. l‘.lislri[n{hl_k'.nns showed only a
margnial fepinkure . mainly for women, with the wenidency for scores 1o fall
barther bebow thanw ahove the mean. The standard clr‘i'i_:llr'm'u Fesr the men was
VLAS trange 60- 115 dB). and Tor the women, 15.72 (roge 40- 100 dB). The

Treaphold for H:miﬁng
N I s | T T T T T 1 1 j

[ I T _..J_.-,,J_l_.l.-,_i..__-__l_-i
R RID 00T DT BOOSY adalh pdORh RSO MERROD 11 8RD
Hark .

.h L Theeshd] Bes els que ol 8§ 0WIAD Ay mefeen ™) Tor anale sl Feenales om |l|-I| I freigunvies,
[T W

i T pore Y bioEsiae
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plat ol loudiess estimates across the Frequency range is illustrated in Fig g and
shows o striklog effect of sex,

An analvsis of variance showed that the sex difference was significang 5
f=< 001 with oo significant effect of frequency, and no interaction F, 7 3ag
3G =28, < L.= 1) The andiometer had an automatic cut-out device Toi the
frequencies 125, 10,000, and 12,000 Hz, hence the analysis was performed only
om the scores i the range 2508 BHT Hz, The mea n Toudmess levels for eack "
were as Indlows: Men, B350 dD, Weomnen, 75.50 dB.

Correlations were carricd oot Tor {requencies st l.11rt5|}u_l_|:l anad bevely of
loudness estimanion in the range 250- 8000 He An additional correlation wy
compited for thveshaobkl ac 000 agains the mean overall wlerance for exh
.l‘i. All other correlitions were computed wsing the scores Tor each I-requgm
evel,

Table I shows that For males the correlations tend o be ‘negative, with
sigoificant negative correlations occurring across the frequency range 0.
4000 Hz ip = 05). For the women the correlations are positive, with anl
nne positive correlation which reached significance (0 < 05) 1o view of the
fact that most correfationms are not sigeificant and none were sirong enough s
sugigest that theve was a hxed relationship between threshold and Joudness, o
was concluded that a lawlol relavionship between threshold sooed bowdness @ all
frequency levels does not exist. This confirms the findings of both Barbenza o
al. (1970) and Stephens { 1970) using sound pressure levels.

TARLE 1 .
{nreeiwtions far Shoeskald aad foudwess stemotin Treels
A, +] i redan b :
fan e FT e | 3o ., amni fena | B LT
Females | .11 T T R T
Males - 1% — A S | R | L— Lk R 12 - ik

“Ha, thooaghoin
< 05

Comfortable Loudnegs Tolerance Level
an

de

™ ] | i | ] 1 |

M. SO0 000 1000 3000 4000 A00d0 BO
Hertr

Fig, E. Clamborrslde Gmifivess civiyes loe males and Temalkes
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I:”"tl,-.“i”n!. WEre t.ullllhih.‘ﬂ for |1ﬂl'h:|1:I|iI].- as rebited Both o wlerance and
im thieshodd. The highest correlation which occurred was Tor female exera-
veruniy showing # rositive relativiship to increased loudness toleraince, This
wit 2% and is ot signilicant. Personality scoves were also grouped inwe cate-
quries of high, medium, poved Toow om each micasure and tests For trend were
| parried oui using the Jonckheere Trend Test. Agaip no significant trend was
jouned For any personality Factor with the exception of females showing a
wgnificand trend (7 < 013) for extraversion 1o relate o high ludness judgment.
il initenversion to bow

Herussion

| 1 ke miaese 51r'rk':ng resili Bo rlrlnrg{' frowm ||'Ii$.§h]l":|" 1% rllc L¥ o ﬂ'i‘ITr_'r:w:r li'|:|
+ bmidniess eatimaiEm Thws comnburanns almaost :-:m:ll;.- the decilsel dillevences Tocimd
| i ||.i||:|r|'-r| IHI'lrﬁ 'h.'lrill_- rmi':l- HES lhr Hilllllll.l:., sl =s|1-:i|1{; I!hl' |:|'|i||:|| e for !l,-.\'r_l

of <l enough™ (Eintt, 1971) - However, this does pot imply that a simple
. amwwer in the problem of ensuring equivalent input to suhbjecis is 1w fix an
srbsitrary dilference level For males anel Fermales. The raw daia showed that men
were just a8 likely i have abonormally low lnidness estimaiions as lemales were
w have high estimations, So the problem is ot a straightforward one

The Andings of this study relate w kiown paychomeric and acousic dam as
Tolflnes:

I. The tendency for negative correlations o sccur herween thireshiddd sl
Lidnen estimation [or men rnrn:s'p!:ml:ls fv Foweal's {14948 |_|1|4|i||g where he
el a 1'|g'n'|l'|1_—..||11 IlEﬁ:li\Il‘ correlatmn hetween Ue uneomforiaide loodmess
level anad threshold when using sepis i Jevels, Do when using - soail
peessunte levels, Hood only investigated responscs an 00000 He, and &t omay be
that the relationship Devween threshold and loodness i morve comples than he
mggeus, although Stephens amnd Amdersan (197 1) also repesir 30 significant
negative correltion hetween LLL and SL, using a wider, e of freguencies.
Vnegative cotrelation comled suggest that a recruitment elfecr may he accurring
fen eentain subjects, in that hearing loga heyvond nonmal levels will he velaed 1
ket derance of loudness, Thus the corvelitions could well be elevaed v
Pew sulsjecis withy abmormmal |'||.-:|ri||g Tesss, Mool mned Poande (19645 aclvocane e
wse ol waened preasuve levels Tor meastirement witlin subjects, as it is D wiere
tomvaent over wne thias resuhis obnined asing sensation levels, When come-
j Mg neerear correlntions for each subject, Stephens and. Anderson. vepon
vrEArdent|v high posiove correlavions for 5170 but wat Tor S5 1 does appear
fevan il the evidence ihat some type of adpestment seore would-be prelemable
" the wie of sensation levels

E The ldness curve appears fai over most Tregquencies (Fig, 23 which
Paralleds the findings in psychophysics (Stevens & Davis, 1938). This indicates
that the sibpects were atalle in their criterion levels throwghone ihese orials,
The ﬂ-:-i.r:nding limls of the curve ar either extreme do not agree with the dan
“t!"'“"'-"'l! amd Dravis who foundd that ar etther exrreme of the IIEI:'I.I-I_'III:':.' Fiange
Ii“"‘l_'"I brudness eomtours tend 0 mse. only becoming flat at 100 dB. The
posite findings here could be related 1o harmonic distortion in the aodiome-
1 2t both bow and ligh 1:cquencies. However, Stephens (1970) reports that
::;'I:";'“!h il'u_p: in ks experiment was stecper a3t 250 Hz dhan an 4008 He

eords with the dana reporied here.

.
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3. Espscrimcins irvestigating the :h|||1.' ol the b pes Bineting, o |.-;.,_.,|:|“..l
sesling, bave consistently demosnstrated that magninede estimations . Gl " g
st lime when the silject's log serve is pltted agamse o8, This indirate
that there is a power Tunction involved in ithe percepiion of mtensitg (Sieven,
1956; Rarhenza er al, 1970; Siephens, 1970). Becavse this finding i almoy
wemviversal i ois |H1_l:1i|‘|||,- Fep S el thand as thae bl eess estimanion ture g this
l:|_||r|'!.' aceopcled well with the |:||||:|f losweckmness comntone i, that the level .
lesnpel™ weill i:rpnu:nrmuli 1 B |n|il|l .'I||1||g 1 pewed Turpcivsrn ool lll:-lElli“Mh_-. T
a _11r.'||iHh|_ time, Uhis wermld aosclicate (it Tor seosmen thies slope of - the Bisedmes
Funiticen wornled bie | EnpiEr than that of men, | ||i!.!ir|rr'mg._||:|'|- |II'EFI_:1:.III'Iti1h|1||.
foted] in experiments, b has not been reported in the literaee ' Becavie ihe
threshaoll Tevels between the sexes were nearly idemical, i contrast w the
unegual londness estimation levels, this would suggea, apan frooe individes)
differenees, that @ lormal coguating npsil to wubjects slicntld e dessed sing
lenilmess eatimationn .

ITe Tesrmmiieln comld tike the iniiml form based opon the power by whick
siates iluie:

= ki

The complete ferm is:
W=k e — )

where b s a “threshold™ value ol [h|1:.-'-=.i|:_'.'|| |1:ug|1i.t|.:r|:. ."'|.11||11||H|| mer Ehreshidd
vigliee s alaceluie :Illc LLE] ‘S.I_ll'l-iEI:' 1.':|1'i:'|11'||i|3.' wivrdved in the aadiess .-l|':||'lr|'
|echni||u1:-. fnr purprses ol a :li1'|||:|||:' '.IIrFl!I:h:l:iH‘ll'l.[;ﬂH within a E-illmt K[
imental framewnrk, it can be assumed dhat:

=10

K is a scaling parameter which relates 1o the unit measurement employed,
and to the individual's sensory magninde wale, Again Tor purposes of ease of
compuation, magnitsde can be scaled soothar:

k=1
We then have:
lorg W = i1 loag ol F

It crvialedl b thie case that an affeciive E*i|:||||:l|rr|1‘:h|:; sudhias leir, i iriviilved n
lesiialuiess estinmuation. However, the only alfective personality vavialde known i
be relaved o loniliess or poise estimation s anxiety {Pedrson & Har. 1964
Stephiens & Anderson, 1971), and this relavionship has heen eliminaned b
adopeing the ratingg techinigue coplivved in this experimens, Soowe can assime
that the estineation of “te bnd™ will correspomd 1o a reasamably equal sens-
vion value for all subjects, Tnoany case it coulid be argued thar some affecine
component would enter inta any wpe of ladness eaimation. whether @ b
bretial reess scaling. o edimation of a .'||u'l:'iﬁl larwre] : .‘llllmugh thsix remiains ke
verihed, We can therelore dasime than Lo o s gi'l.'l.'_'ll by thee dleeibel mcasine.

Mo lee:

I, = Log B ithe aebciainredl e polermce [or migilea)

Lat DN, e the solermnee (hreshold for g gives aulividoal

Let n,  he the power lw index Tor the average male

EW Bedsaieois, Sareiol Flsse ol |oalaslpsces amigoaldishel Baig
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Let 1, be the power L index Tor o inddividoal § e
¥ Analie Ioanedness threshobl we them hive: ;

e ——— A e S | — L

T 6 T T B

Tt will be serden] gl Beah fenle ol Teivale eatinnaies $0 s lownd™ fall oo il
range of intensly l:h'ﬁim'ml-l‘:ll s Ararele (vealwain & Clifvme, PHAGL 1 herefone e
ahrupt nset of tone at these levaeds will presebemibuctl by prresclisce 0 searibe vespomse
im many subjects, 1 thas is oot desieed then the coguation shoobd s B
mesdified by alvering I ao somee feswer saloe:s 13, B4, woubed thess chumee oo 11,
fior 3 covrresponding sensory avagnitode iven by

v [ome = ni I
San:

B,

© I, Im,

I changing the staomdard Tr to evedd seactle, ome shooll ake Tor oo given
suhjert o value 1 which bawrs the s vaie fee D00, aes 08 oboecs jos TH 1 lies
gives the fal working formuda: P y

In
=1,

T, _
| ; - i

The substicugion in the Tormola of thee Temale mean seore slionil e done L
female subijects, ensurving thai the some catie empiliey el 'Imf,'! b Be Db s sl
o ll|I i l'lr_r_ ]

The tormiuiki alwwe aall g'n * 2 :l|r|l|'|u|.i|l|.'|l|:' l':|||i1 alernaee’ lepw EREN ] 'I-Illl'il'l L
anel s 11.'|l.1'lr|11.. (S ||:1rF1'|u'r| nver i |!n|||'-|.'|l.' :|l|:li1|:'||!| stinmnelanial ool i|||!||| LALa T
the ase of sensation levels. I owill be appiresn e e Bl alie bes
fning 9= kil — 4= for any individual o mweee coiplex rechnigue wonlil Te
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