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Ahstract. Powr diffcsen! 1ypes of béaring we re investigaled using 25 nsen and 35 waman a3 subjecis
puire tare thieshobd, judgment of loudness, plich dissiimination, snd aanoyaince of 3 @ peating
srimislisg,

Differences were fownd at kigh Mrequency threshalds (above S000 Hz), in loudness judgmeant. anil
in the anmoyance lesd. The pitch diserimisation el shawed no effect of s, bat g loge effect ol
witurg al masical trainang. Mone of the four heariag paiameters inveutigaied bore any sististics]
iehrlicnship to any other, demonsirating that 1Rese hearing iy pes are distinct and will vary wiithir,
as well ag between subjects. Peisonsliny sssessment showed pa selationship o any type of hoasing,
with the exceplion of exirgiisbon and kiedness judgment, suggesting that fairly pare sansitivity
Tactors are being measared

I Introduction

Studies af individual dilferences tend to concentrate on personality correlales of
behaviour, largely ignoring the question of differences in subjective perceiving as well
as the basic difference of @x, As behaviour is dependent to a large extent vpon The
reaclion 1o perceived events, knowledge of how perception dilfers between individuals
imay provide s greater understanding of how dilferences in behaviour arise. The
study presented here has concentrated on smple suditory perceplion with the
specific aim of delineating the degree of varalion in subjective responding whils

strict equatity of objective stimulation i5s maintained. Y

The experiment attempizd to demonsirate Turther that response efficiency (o
auditory inpuat will differ within individuals depending vpon the type of suditory
task, To illustrote this, it 5 not necessary to assume that "good’ or 'bud” hcaning
applics to ull fypes of auditory perceplion, A person with a poorer than uversge
auditory ihreshold could have superior ability in pitch discrimination. The aucitory
system may well function efliciently 81 one level, but less 5o 2l anothes. [T this groves
to e the case, we cannot speok of hearing in any qualitalive sense, nor even @5 being 0
unilary phenmnenon, Specilic types ol hearing must be established in order (o deling
that wiich makes up the total percepival experfence for any one Individual.

Four types of hearing were Investligated: (i) pure tone threshold, (i) judgment
ol intensity, {iiid pitch discrimination, and (iv) degree of annoyance o a repeating
atfmulus. More complox hearing processes involving rhythmic, temporal, harmonic,
and verbal discrimeinatlion will be explored at a later stage, All subjects were given
the IPAT anxiety, neuroticism, and extraversion tests (Catiell ef al, 1954; Scheisr
and Cattell, 1961; Catell and Scheser, 1963) 1o determine whether personalily i1ype
lind amy marked effect on hearing.

Becaus: experimenis on heating seldom combing more than fwo fypes of measure,
predictions of correlational relationships are nol possibla. The only obssrvation
which is adequately decumented are the thresheld norms for mabes and lemales,
which show the Tomales fo have beas heartng losz at freguencies abowve approximately
4000 1z, (Corse, V959 Esgles er af, 1963, Hol ed al 219715 Sex differences in
t This research was conspleied g8 port of a destarl dHessiiativn for the University of Lomdon and
weas supparied by The Medical Ressarch Coumcil,
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judgment of iftensity have been invesligated only m children {Elfiote, 1971 ), wherens
confllicting findings exist with regurd (o the relationship between intensity, nokse
evplaztion, and personality (Smith, 1968, Pearson and Hart, 1969, Stephens, 1970)
Studies an pitch acuily have tended 1o concentrate mainly on the performance fn
detail of a limited number of subjects (Henning, 1966; Atineave and Olson, 1971,
Few studies huve looked ot the relationhip between sny of the four variables under
consiteration, with the exception of inveshigations comparing loudness eslimation
with threshold (Hood, 1968; Stephens, 1970, 1971; Stephens and Anderson, 1971

The measurement of subjective phenomena i prone bo the obvious difliculty of
requiring subjective reports and interpreting these in an objective fashion, Therefore
all measuremenl was restricted 1o either manwsl operations by the subject or to single
ward Fesponses,

2 Method

Subjecix .

Filty sebjects (25 mabe, 25 female) participared in this cxperiment, all of whom were
students a1 University College London, The age range was from 18 to 26 years, with
g pwizan oge of 20-6 years.

A ppira i

The experiment was cammied oul m 2 windowless acoustically tiked room, Parts | and
2 wsed a Peter's SPD § clinical audiomeler, with TDH-39 carpliiones and MX-417AR
cushions, The sudiometer was checked for calibration wsing an arilicial eur, both
prior 1o the experiment and immedisiely alter ihe cxperiment was completed
Calibrotion was found (o be satislctory at the conclusion of the eaperiment. The
callbration figures available for e SPD 5 sudiometer allowed the frequencics of
10000 and 12000 Hz to be checked only for relative pccuracy. The data recorded
gt Wlese frequengies were repocted for threshold, but no analysis was carried oul
gbove 8000 Hz. Part 3 was a pitch discrimination test which employed & Furzshill
RC oscillator, GH32. The nscillator was wired into 8 key switch and (nto & [0 W
amplifier which relayed the signal to an B £1 lowdspeaker. This circuil succossfully
eliminated any load switch,

Frocednre
The subjecl was seated with his back to the avdiometer Tor the it pard of the

experiment, and was instructed 1o keep 3 button deprested as long as he could heas

& tone, but fo releass it when the tone faded away completely. The button
illuminated a Hght which could be seen by the experimenter, The subject was asked 1o
place the carphones on his head with all his hair pulled back from his ears. He was nsked
to readjust The earphones once they were in position whibe an audible tone was sounded.
This was done in order 1o epsure magimwm solome.

The subject was told that he would be presenied with a series of continuows fones
of different Frequencies anal that vach eor would be stimulated separately, The
sequenge adopted wag lell-right, right <beft, left-right, etc, The subject heard
freguencies ol 125, 250, 500, 1000, 2000, 30600, 4000, S000, 3000, 10000, and
12004 Hez, and, apart from the sllerpation procedure, ese were presented using 1he
recommended audiometric techrique, Al subjects hnd 1weo descending amd two
ascending Irials for each ear gt each freguency. Each frequency change began al a
completely sudible fevel, and thresholds were measured to the nearsst decibel.

Fart 2 of the experiment consisted of g loudness level judgment. Here, the subjeci
was szated (ucing the audiometer and was controlling the equipment. He was asked
to adjust the attenuzator o 3 decibel level which he fell was Yoo lowd'. 10 was
stressed Tha) what e experimenter pequited was a purely subjective estimate of the
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stimubues and that he was in no way interested in tolerance. A verbal rating scals
was given as follows: tmaudible, faintly audible, distinel, fairly loud, 100 joud,
uncomforiably loud, pain. The subjecl was instmacied that at the point where a
fadrly loud” tone became “too boud®, ke should stop the atlenvator and his response
would be recorded. After this the experimenter resel the attenuator lo some
arbitrary [2vel and the procsdure was repeated two more timesa. Each subject had
three irials at all the frequencies in the range 250-8000 Hz tn random order, and he
had his eyes closed throughout all trials, All tones were presented monawrally to the
ear with the best overall theeshold. IT chis could not be determined, the subiject
received lelt ear presentations.

In part 3 the subject was seated facing a lowdspeaker with his back lo the
oacillator, The pitch discrimination test proceeded as follows: A standacd was
presented for 1 s, followed by 0-5 5 silence, and then a comparison tone sounded.
The subject was asked to respond "same’ or 'diffcrent’ and was iold he was nol
expected o tell whether the pitch went up or down. Volume was controlled at 80 db.

The standards were 500 and 1000 Hz, There were eight different comparison dones
to each standard st differences of [%, 2%, 4%, and 8% in bolh directions to the
standard. These were included twice in 2ach presentation udng a random sequence,
There was & total of 16 'different” and 8 "same” judgments to each standard, giving a
possible total error score of 48, Error scores were récorded for both series, and “same’
emor scores were halved, This was done (o reduce the effects of the particular strategy
of saving ‘same’ when upceriain, which given the ratios employed (four difficult
*different” judgments to B 'same’) was more advantageous than saying 'different’.

In part 4 each subject was asked o respond to the question: “IF there was a clock
ticking in your bedroom at night would you...” in one of four ways: (i) not notice it,
(i} Mind it soothing, (Hi) find it britating but ignore it, (iv) get ap and put i away,

At the beginning of the experiment the subject filled in & questionnaire giving defails
of age, sox, preferred hand, years of musical treining, name of instrumeniis) played,
hearing difficuliies or abnormalities; and for women also: whether or not they were
taking ihe contraceptive pill, and the day of their menstrual cyels.

Al the end of the experiment sl subjects completed the IPAT anxiety, neurclicism,
and extraversion scales (Cattell ef @l , 1954; Scheier and Cateell, 1961, Catlell and

Scheier, 1963).

3 Results
Mo subject exhibited a noticeakl: hearing defect in more than one ear. All data
reporied are on best car performance only,
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Figuwre 1. Thresholds for males snd females an the lest frequencies,
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Part . Threshold
Threshaolds for males and Temales at sl test (requencies are presented in figure 1.
They are fairly typical Tor this age group, and illustrale that in this sample
men amd women are extremely evenly matched. The men have considerably
bess hearing loss than normal in the range 30006000 Hz.
The mean thresheld levels for each lrequency are in decibels (refemed 1o
2% 107" M m™, or 5PL), Mo statistical analysis was carried out on any portion of
these curves,

Parr 2 Loudness

The results for the loudness judgment [esl are presented in fligure 2, whers il can be
seen hat the difference pevel between men and women i3 practically constant across
the entire frequency range. Louwdness estimations were remarkably consistent within
individuals, seldom varying more than § db for any frequency.

Distributions were normal, with only a marginal leplokursis for women who had a
tendency for scores (o fall further below the mean than above it The standard
deviation for the nven was 1345, and for the women [5-72 An analysiz of varance
showed the sex dilference (o be significant &t p < 0-00], with no significant effect
of lrequency and no significant interaction. (F, 7 and 268, = 28, <1, < 1) The
audiometsr had an automalic cut-out device for the frequencizs 125, TOO0, and
12000 Hz; hence the anslysis was performed only on the scores in the range
250-8000, The mean lowdness level over all frequencies was B3-3 db for men and
75:5 db for women.

Pars 3. Pitch

Table | shows the mean error scores for each sex split into three categories of high,
medium, and low musical background. ‘High' means that the subject had had five or
mare years of musical training on any nstrument or combinations of instruments, o
that the instrument was self-lavght and played continuously for a period of sie years
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Figure 2. Comfodlable Inudness woleranes levels for males and femades for the criterion: “too Joud',

Tabbe 1. Pitch ncuily mgan 1107 scores.
Muslcal background Ohverall
high  medium  low

Females 51 154 10-08
Males 3% R-B3 10-30
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ar more; “‘medium’ implies fron two (o fowr years training, of theee to five years

il self-taught; amd ‘low" one year or less training, or less than thres years il sell-
tawght. Mo subject produced an errocless pecformance, The best errof score was (wo
incorrect from a female who played three instruments including violin, Men and
women did not differ significantly in their test scores (r tesi p <0 0-20). The data
for both sexes were combined and analyzed using 3 Kruskal -Wallis test o delerminge
the effect of musical training. This result was significant st p < 0-005, and showed
that musical training in ferms of number of years spent on any instrument was
agnificantly related (o better piteh discrimination.

Fart 4. Clock fest

Am mnalysis was carried out on the clock gquestionnaire replies using & Kendall's § For
dichotomized frend. This produced a ¢ score of 201 which was significant a1

p o< 003, showing that women were increasingly more annoved by a ticking clock
than were men. The number of pesitive replies in each category b given in fzble 2.

Bersounalitp regiz

Whils English students are equivalent to American sludents in neurotichm and
extraversion distribution, they are considerably more anxiows (this finding was also
noted by the auther on a gampbe of 80 adult students), Az 8 comrection is buill into
the scoring procedure for sex differences, no statistical analysis was performed on
ilsese scores, Raw scores show women (o be more anxious tham men, bul no
differepce in ™M or 1-E scores is Found (Cattell &¢ af, 1954; Scheser and Cattell,
1961, Cattell and Scheler, 19630

Correlational dara

Threshaold and fowdners  The correlations Tor threshold and loudness toberance st all
frequencies are given in fable 3, where il is shown that po fixed pattern i Tound
belween threshold and lowdness judpmedt. This means that having a high or & low
threshold bears no rellionship to the subjective sensallon of loudness. The fendency
to megative correlations found in men’s scores corresponds o the findings by Hood
(1968} who used only men a3 subjects, There is no similar type of study with which
to compare the positive correlations found with women. The significant correlations
for men af the Mrequency range 2000=-4 0630 Hz may have some relationship (o
findings by Hood who investigated this only ai 1000 Hz.

Threshold and pirch. The correlations between pitch error total scores and threshold
al 1000 Hz were for the men =033, and for the women 0-09, Meither of thes
correbationg are significant, demonstrating that having acute hearing at threshold

Table 3, Wumber of sabjecis in clock tesl categories of affect.
[] Positive Megaiive Avoldance

Female [ 3 7 g
ades 16 0 4 ¥

Tabie 3, Conelations betwesn ibreshald and besdnes jadgment

Frequency (Hz}

150 W 1000 2000 3000 +00 000 00
Ferales a0 0§ @023 0-l4 0-p4 -2 o-1% 036
Males =012 -0-08 -0-10 -0-45" -0-49 -0-43* 000 12

* p D05,
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does nol indicate that a person will be accurate in fudging just noticeable dilTerences
in frequency.

Threshald and clock roores, Because of the Yunited number of clock calegories,
carrelations could not be computed, and the data were analysed using @ Kruskal-
Wallis test. Clock seores were compared fo the threshold seares for the frequency ol
150 Wz, which is the ncarest frequency measured o fhat of 3 licking clock, [ was
found thal women with ddgher Dhreshold were significantly more adversely afTectled
by o tlcking clock (p < 0-02). This relationship was net fowsd Tor men g < 020}
When the same test was carried out for a high frequency threshold (B000 Hz) no
significant relationship was found lor either sex (p < 0-20),

Louduess and piteh. Pitch error scores were correlated with each subject’s mean
loudness (olerance Tor 500 and 1000 Hz combined (ihese devels were usually identicall
identical). The results wens lor the men 015, and for the women 006, Meither of
these resulis is significant.

Loudness and clock. Men's and women's scores were analyzed separately vsing a
Kruskal-Wallis tesl. Mo signifllcant relationship was found belween boudness tolerance
level and clock annoyance for either the overall mean score for each subjct in the
loudness test, or for the indivicdual scores al 250 He (p < 00 20).

Piteh and clock. Scores were analyzed as abowve with pitel ermors ranged in the four
clock calegorics, Men's and women's scotes were annlyzed separalely using a
Kruskal-Wallis tesi, Mo significant resulis were Tound (@ < 0-20) showing that
musical ahilily has no relationship (o sinoyance of & repetitive stimulus.

Personality amd hearing
MNo persomality factor tested showed any relotionship to threshold. When subjects
were grouped bnjo categories of high, medium, and low for each personality type and
theis threshold scores for 1000 Wz comparsd, there was a non-sgnificant resull
(Kruskal =Wallis p < 0-200

A Kruskal-Wallis 1251 also showed that there was no relotionship of any personzlily
facior 1o loudmess estimation (p << 0-20). A lest of trend was employed (Jonckieeee )
lo s2e il there was any fendency (or increasing levels of loudness judgment to relule i
in any way to personalily scores. Anxiety znd nevfoticism showed no significani '
trend (g < 0-20) for cither sex, bul extraversion was found o relaie 1o higher
loudness estimation and intraversion be lowar estimation for women (p < 0-03); I
this relationship was not found Tor men (p << 0200

It might be expected that tolerance for o licking cleck would have some
relationship to personality, but this is nof the case. A Kruskal-Wallis test on these
personality categories shows no significant relationship between personalily and
tolerance of a Ucking clock For either sex (g < 0020,

Miscellaneous

Laieraltity. There was an equal division between right and left ears in efficiency at
threshold for women, with men being more righl-sared. When handedness wos
misessed in pelation to best ear performance, no significant refotionship was found
{sign ezt p < 0-20). Sukjecis with Known ear damage or abnopmal perfermance
on the threshold test were elimimated for this analysis.

Mensrrnnal cpele. Filty per cenl of all femalkes fesied were taking the coniraceplive
pill, Analysis was thus restricied 1o thoss subjects on & normal menstrual cycle,
When women were grouped into calegories ol lhe four weekly cvcle periods na
relationship was [ound between any phase of the cycle and threshold (p < 0209
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This does not mesn that a refolionship would not be seen within subjects over the
menstrual cycle, but this experiment dud nod inelude that type of messurement

i1t was alse interesting 10 observe that those subjects loking the pall were
significantly less neurslic than those not taking the pill (p < D-02). Mo other
perionality fxcior showed a significunt relationship.|

4 Discussion

Two major findings have emerged Trom (his study, The first is that sex differences
contribute a much greater proportion ol psycheleghcal varance in hearmg 1han
individual differences of personality, which might suggest that cerlain sex differences
reparied i the literature in tosks which tnveldve Lstening could arise from the Tact
that the females bear the stimubes better fas Jowder) than the males. For exanphe,
subjective loudness doubling is ~ 10 db which indicales that at aboul 85 -390 db
fermales may hear the sound as fwfce as lowd 35 men, alithough the definitive
experiment remaing to be done. The scecond Tlinding demonstrates thad there 5 noe
refationslip between any of the types of learing investigated, with the single
exceplion of the Minding that annoyance Lo o ficking clock relates 1o higher
{hreshobbs in women far the freqoescy 250 He. 1t is thus fairly conclusively
demonatrated that there are three amd possibly four hearing parameters which are
miarkedly dstinet,

The positive or signilicand results show substantial sex differences in high
Irequency threshold, Favouring females. This finding iz already well documenisd and
need nod be commented on further (Corso, 1939 Eagles er al,, 1963; Mull &r af,
1971

The most striking sex dilference was Found in lowdnes judgment. [t is curiouws
that apart from Ellioit’s study on children (1971), in which he found almost identical
loudness judgment dilferences to this study, the llersture is almost devodd of any
siudies of this type. This difference ks nod unknown, Similar resulls have been
ohiained in loudness scaling experiments where subjecis are asked to rate volume
levels on g logarithmee scale. Here it is consistently shown that women have siecper
slopes than men, butl ihes Tindings heave not been reported (Robinson, unpublished
dafah, A recent experiment, where the subject was osked 1o adjust the intensity of
&2n audiomeler 1o match the intensity of a burst of sonic noiss, showed 1hat women
conasstently and signiltcontly sel higher intensity levels than the men {Rood, personal
communicalion).

The absence .of sex differences in pitch discrimination and the large eliect of
musical background suggest an hinportant environmental €lfect on this particular
type of shilily. However, it is nol easy (o determine whether musical people ke
up an Instrument because they have a discriminating ear, or whether the playting of
the instrument mokes them more discriminating. & Tinding that a few subjects with
no mustcal background had excelient scores on this tesl supporis the former
prgument, However, people who played stting instruments, including geltar {where
the funing is done using harmonics) copsistenily scored higher than all other subjects,
musical and non-musical, which supporis the second argument, This indicales thst
some inferaction belween sensitivity and training is taking place lo improve suditory
discrimina tion.

The finding that women tederate a repeating stimulus less well than men is difficult
to explain i the light of the resulis of this experiment, The lack of any significant
pelatlonship to boudness estimation shows (hal the dislike of a ticking cdock i not dus
ta il being perceived as being louder, but iz apparently due to the impact of the
repetition rate. The significant sesult connecling thiz to threshold at the freguancy
of 250 Hz may be spurioes as il does not explain the finding, pacticularly since (he
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volume of a ticking clock is congiderably above threshold and thersfore should be
much maore related to loudness perception than to threshold kevels, 18 could be
possible that people who are annoyed by @ répeatling stimulus do not habituate
readily in the Sckolov type of habituation (Sokolov, 1963), but habituation rate is
known to relate to anxiety orf newolicism (Lader and Wing, 1966; Coles erf al.,
1971} and this relationship wes nol found with (hese subjects. In an experiment by
the author (in pres) women were found fe habiluate more slowly than men with
the personality factor of anxiety conirolled, This might suggest that intolerance

of 8 repeating stimulus relates in some way to speed of habituation,

The lack of relationship between personality and hearing in this experiment
suggests that what has been measured %re relatively pure sensitivity factors. The
technique of using & rating scale with *too loud® as ane of several criteria has
eliminated the common difficulty of an interaction with the personality factor of
anxiety which occurs when mesturing "uncomfonable’ or 'unplessant” loudness levels
{Stephens, 1971} .

The only significant relationship between personality and hearing showed that
female extraverts tolerated higher levels of loudness than inteoverts. Evsenck (1967}
has sugpested thatl a “sirong’ nervous system with rapidly generated central inhibitbon
relates to the persopality type ol extraversion, whereas a “weak' nervous system with
more slowly generated inhibition is characteristic of the introvert, The theory is too
general to account for many types of reactions to stimuli (Coles er ol . 1971), but the
suggestion could well apply at & more specific level, for example in an initial response
fo any stimulus where intensity is a significant parameter. In experiments on
boisdness, findings kave been reasonably consislen| in demonstrating that extraverts
tolerate higher levels of intensity, but resilts appear to be mare stable for women
than for men (Elliott, 1971; Stephens, 1971; Stephens and Anderson, 1971).
Therelore, if the sexes are combined in any altempt to relate personality to
perception, wlideh is most often the case, the chances of finding any lawlul
relalionship may be considerably redoced.

The explanation of the sex differences in ferms of mechanisms is problematic.
Ward (1966) has proposed a theory which suggests that the sex differences which he
has found in his studics on threshold shift after loud noise can be explained by a
greater efficiency of middle ear muscles in women. In his experiment women were
signiftcantly less affected at low frequencies than men but more affected st high
frequencies {above 3000 Hr). There has been evidence from experiments on cats
| that the middle ear muscle operates differentially over these two groups of
i frequencies. But this type of finding cannot account for the consistent differences
. found across all frequencles,

! The general view concemning how the nervous system codes increments in intensity
r’ is that this occurs by & three-fold process of an lnereasing rate of dischargs, summation
(dug o spreading eacitafion), and by o decreasing response latency (Simmons, 19700
However, Simmons also points out that much of the date do nol (it these thres
explanations. One problem for the explanation of s=x dilfersnces is that [requency
discrimination increases as intensity increases, and many cells at all bevels of the
i system respond 1o both inpots, showing 3 maximal sensitivity for varykng lrequencles
at different levels of intensdty. As no sex differences are found in discnimination,
this double coding system cannot provide an easy explanation of the differences in
the subjective experience of intensily.

An analysis of the neural mechanisms responsible for sex differences is almost
impossible, giving the present state of knowledge aboul how coding occurs in the
auditory pathways; therefore a more molar explanation in terms of gensral
mechanisms of inhibition may be the most satisfactory, Pribram (1971} suggests




Hearing: Indivadual differonces in percersmg g i

that any stimulus input produces & two-fold inhibitory process involving both laterai
inhibition gnd sell {or recurrent) inhibition. I the efficiency of lateral inhibition is
proportional to the enhancement of Intensdty, this could suggest that hearing signals
a5 louder may be due to a finer duning in this mechanism, Likewise, sell-inhibition
which affects the speed of return fo base or steady-staie Tirng levels, and is invalved
in hobitualion processes, may explain part of the result which showed that Temalcs
have extra attentiveness to auditory repetitions. That both a heightened perception
of lowdnees, a5 well as greater attention to auditory stimueli through defayed
habituation, could be useful 1o the sex who tends the young, and who must be
particularly sensitive to thelr vocalizations, puts the matter into some biological
purspeciive.
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