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Abstract The present study was designed to elucidate sex-

related differences in two basic auditory and one basic visual

aspect of sensory functioning, namely sensory discrimination of

pitch, loudness, and brightness. Although these three aspects of

sensory functioning are of vital importance in everyday life,

little is known about whether men and women differ from each

other in these sensory functions. Participants were 100 male and

100 female volunteers ranging in age from 18 to 30 years. Since

sensory sensitivity may be positively related to individual levels

of intelligence and musical experience, measures of psycho-

metric intelligence and musical background were also obtained.

Reliably better performance for men compared to women was

found for pitch and loudness, but not for brightness discrimi-

nation. Furthermore, performance on loudness discrimination

was positively related to psychometric intelligence, while pitch

discrimination was positively related to both psychometric intel-

ligence and levels of musical training. Additional regression

analyses revealed that each of three predictor variables (sex,

psychometric intelligence, and musical training) accounted for

a statistically significant portion of unique variance in pitch dis-

crimination. With regard to loudness discrimination, regression

analysis yielded a statistically significant portion of unique vari-

ance for sex as a predictor variable, whereas psychometric intel-

ligence just failed to reach statistical significance. The potential

influence of sex hormones on sex-related differences in sensory

functions is discussed.

Keywords Sex differences � Pitch discrimination �
Loudness discrimination � Brightness discrimination

Introduction

Many researchers, including experimental psychologists

and neurophysiologists, proceed from the assumption that most

sensory functions are remarkably without sex-related differen-

tiation (Baker, 1987). As a consequence, little attention has been

paid to the consideration of sex differences in sensory func-

tioning (cf. Ellis et al., 2008; Kimura, 1999). On the other hand,

functional differences in sensory systems specialized in the

reception and processing of environmental information may con-

tribute todifferencesbetweenmenandwomenin theirperception

of theexternalworld (cf.Mountcastle,1975). If, in fact,menand

women differ in their basic sensory experience, it is conceivable

that such differences may be involved in the establishment of

morecomplexsex-typedbehaviorsbeyondsensory information

processing (Baker, 1987; McGuinness, 1972; Velle, 1987). Given

theseconsiderations, investigatingsex-relateddifferences insen-

soryfunctionsmayrepresentaworthwhileendeavor.Thepresent

study, therefore, was designed to elucidate sex-related differ-

ences in two basicauditoryandonebasicvisual aspectof sensory

functioning, namely sensory discrimination of pitch, loudness,

and brightness. Although these three aspects of sensory function-

ing are of vital importance in everyday life, to date, surprisingly

little is known about whether men and women differ from each

other in these sensory functions.

Early researchers in the late-nineteenth and early-twentieth

centuries already investigated individual differences in the abil-

ity to make fine sensory discriminations. These early studies

were inspired mainly byGalton’s (1869, 1883) ideaofa positive

functional relationship between intelligence and performance

on sensory discrimination. Moreover, Galton (1883) stated that

‘‘as a rule…men have more delicate powers of discrimination

thanwomen’’(p. 20).This statement,however,was notbasedon

experimentaldataandstatisticalanalyses buton impressionsand

everyday-life anecdotes (cf. Deary, 1994). In his seminal paper
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on the measurement of general intelligence, Spearman (1904,

Experiment 1) examined the relation between intelligence, as

indicated by ranked school achievement of 13 girls and 11 boys,

and performance on three sensory discrimination tasks: dis-

crimination of pitch, brightness, and weight. His statistical anal-

yses were based on a single measure derived from the general

average correlation between the three forms of sensory discrim-

ination performance, referred to as General Discrimination.

Although General Discrimination and sex showed an initial cor-

relation with one another to the extent of rxy = .26, after con-

trolling for intelligence, this correlation decreased to rxy = -.07.

This led Spearman to conclude that sex-related differences in

general discrimination can be considered a mere consequence of

individual differences in intelligence.

Other studies on sex-related differences in sensory discrim-

ination focused on more specific functions rather than on Gen-

eral Discrimination. In the following, we will provide a brief

account of some major studies on sex-related differences in

pitch, loudness, and brightness discrimination.

Pitch Discrimination

The few existing studies on sex-related differences in pitch dis-

crimination in adults present a rather puzzling picture of incon-

sistent results. With 29 male and 19 female young adult par-

ticipants, Seashore (1899) found better performance in women

than in men. For Seashore, the ability to detect differences in

pitch was a fundamental factor in the appreciation or execution

of music. Therefore, he assumed that higher levels of musical

education in women compared to men accounted for this female

superiority. On the other hand, Shuter (1968) reported slightly

superior performance on pitch discrimination for men compared

to women, while men and women did not appear to be very dif-

ferent in the frequently cited study by McGuinness (1972). In

this latterstudy,however,musical trainingin termsofyearsspent

on any instrument was reliably related to better pitch discrimi-

nation. In a subsequent study by Raz, Willerman, and Yama

(1987), there was no effect of sex on pitch discrimination, and

musical training failed to show a significant association with

pitch discrimination. It should be noted, however, that, in this

study, extremely brief tones were applied lasting 20 ms only. In

addition, there was a constant background noise of at least 35 dB

throughout the experiment. These peculiarities cast some doubt

on whether the measures obtained by Raz et al. represent an

indicator of performance on genuine pitch discrimination.

Loudness Discrimination

Several studies confirmed superior auditory sensitivity, as

reflectedbypure tone thresholds, inwomencomparedtomen(for

a concise review, see Baker, 1987). In these studies, auditory

sensitivity was typically measured by determining the absolute

threshold for detection of a sound which is the lowest amplitude

(i.e., volume) an individual was able to perceive. In the light of

these highly consistent findings with regard to pure tone thresh-

olds, it is most surprising that virtually no studies appear to exist

on sex-related differences in the ability to perceive differences

in the loudness of different tones referred to as loudness dis-

crimination (cf. Baker, 1987; Ellis et al., 2008; Kimura, 1999;

Maccoby & Jacklin, 1974; Velle, 1987).

To the best of our knowledge, the first and only psychophys-

ical investigation that directly addressed the issue of sex-related

individual differences in loudness discrimination was conducted

by Seashore (1919). He obtained least perceptible differences in

the intensity, or loudness, of a standard tone from 522 seventh

andeighthgraders,butdidnot report anysex-relateddifferences

in his studies on‘‘The Psychology of Musical Talent’’. He also

addressed the possible relationship between loudness discrim-

ination and intelligence: ‘‘This test [loudness discrimination]

has often been used as an intelligence test; but that cannot be jus-

tified because we find very little agreement between excellence

in this test and brightness of children as ordinarily estimated’’

(Seashore, 1919, p. 98). To date, data on sex-related differences

in loudness discrimination still seem to be missing for adults.

Brightness Discrimination

In his pioneering studies on the mental and physical develop-

ment of schoolchildren from 6 to 17 years of age, Gilbert (1894)

measured least perceptible differences in shade of the color red.

Although the color gray would have been preferable to red for

the assessment of brightness discrimination in order to avoid a

confound of general brightness discrimination with color sensi-

tivity, Gilbert felt compelled to use red due ‘‘to the fact that all

goods are bleached with sulphur (and), no matter how well

scoured before dyeing, traces of red could be found running

through the gray’’ (Gilbert, 1894, p. 42). With this procedure,

girls tended to outperform boys in brightness discrimination.

Gilbert (1894), however, refrained from making a final state-

ment as to comparison of sexes since performance curves of

boys and girls crossed and re-crossed frequently as a function of

age. Also, our reanalysis of Spearman’s (1904) data based on 24

schoolchildren gave no indication of sex-related differences in

brightness discrimination after controlling for individual differ-

ences in intelligence. Strangely enough, however, there seems

to be no information on performance differences between male

and female adults (cf. Baker, 1987; Ellis et al., 2008; Kimura,

1999; Maccoby & Jacklin, 1974; Velle, 1987).

Proceeding from these considerations, the major focus of the

present study was on elucidating sex-related differences in per-

formance on pitch, loudness, and brightness discrimination. For

this purpose, 100 male and 100 female adults were tested under

controlled conditions. Since sensory sensitivity may be posi-

tively related to individual levels of intelligence (e.g., Acton &

Schroeder, 2001; Burt, 1909–1910; Deary, Bell, Bell, Camp-

bell, & Fazal, 2004; Raz, Moberg, & Millman, 1990; Raz et al.,
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1987; Schweizer & Koch, 2003; Troche & Rammsayer, 2009)

and musical experience (Seashore, 1919), measures of psycho-

metric intelligence and musical background were also obtained.

Method

Participants

Participants were 100 male and 100 female volunteers ranging

in age from 18 to 30 years (mean and SD of age: 22.2 ± 3.3

years). Each group consisted of 50 student and 50 non-student

participants. Participants were recruited by announcements pos-

ted at notice boards on campus as well as in adult education and

community centers. All participants reported normal hearing and

normal or corrected-to-normal sight. They were informed about

the study protocol and gave their written informed consent. For

taking part in this study, participants were paid EUR 30.00 and

feedback was offered about their performance on intelligence

testing.

Measures and Procedure

Sensory Discrimination Tasks

For quantification of individual discrimination performance,

an adaptive psychophysical procedure, the weighted up-down

method (Kaernbach, 1991), was applied.‘‘Adaptive’’means that

the difference in stimulus magnitude between the constant stan-

dard stimulus and the variable comparison stimulus, presented

withina trial, isvariedfromtrial to trialdependingon thepartici-

pant’sprevious response.Correct respondingresults inadecrease

of the difference in stimulus magnitude and incorrect responding

makes the task easier by increasing this difference. With this psy-

chophysical procedure, x.25 and x.75 of the individual psycho-

metric function were estimated. x.25 and x.75 refer to the two

levelsof stimulusmagnitudeof thecomparisonstimulusatwhich

the response‘‘higher’’ (pitch discrimination), ‘‘louder’’ (loudness

discrimination) or‘‘brighter’’(brightness discrimination) was

given with a probability of .25 and .75, respectively.

On each sensory task, one series of 32 trials converging to

x.25 and one series of 32 trials converging to x.75 were pre-

sented. Within each 32-trial series, the order of presentation for

the standard and the comparison stimulus was randomized and

balanced, with each stimulus being presented first in 50% of the

trials. Trials from both series were randomly interleaved.

To initiate a trial, the participant pressed the space bar;

stimulus presentation began 900 ms later. The two stimuli were

presented successively with an interstimulus interval of 300 ms.

The participant’s task was to decide which of the two stimuli

was greater in magnitude and to indicate his or her decision by

pressing one of two designated keys on the keyboard. Instruc-

tion emphasized accuracy; there was no requirement to respond

quickly. After each response, visual feedback (‘‘?’’= correct or

‘‘-’’= false) was displayed for 1,000 ms on the monitor screen.

The next trial started 900 ms after the offset of the visual feed-

back.

Mean differences between levels of magnitude of the stan-

dard and comparison stimulus were computed for the last 20

trials of each series. Thus, estimates of x.25 and x.75 were

obtained. As an indicator of discrimination performance, half

the interquartile ranges [(x.75 - x.25)/2], representing the just

noticeabledifferenceordifference limen,DL(Luce&Galanter,

1963), were determined forall three sensory discrimination tasks.

With this psychophysical measure, better sensory discrimination

was indicated by smaller DL values.

Pitch Discrimination (PD)

Stimuli were 500-ms sine-wave tones presented through head-

phones (SONY MDR-CD570) at an intensity of 67 dB. On each

trial, participants had to decide which of two tones was of higher

pitch. The pitch of the constant standard tone was 440 Hz. The

initial comparison stimulus was 438 Hz in the x.25 series and

442 Hz in the x.75 series. In the first six trials of the x.25 series,

pitch of the comparison stimulus was increased by 0.5 Hz and

decreasedby 1.5 Hz after acorrector incorrect response, respec-

tively. For Trials 7–32, step sizes were 0.3 and 0.9 Hz, respec-

tively. Opposite step sizes were used for the x.75 series.

Loudness Discrimination (LD)

Stimuli were white-noise bursts presented through head-

phones for 500 ms. Participants had to decide which of two

noise bursts was louder. The intensity of the standard tone was

70 dB, the intensity of the initial comparison stimulus was

69.70 dB in the x.25 series and 70.30 dB in the x.75 series. In

the first six trials of the x.25 series, intensity of the comparison

stimuluswas increased by .07 dBand decreased by .21 dBafter

a correct or incorrect response, respectively. For Trials 7–32,

step sizes were .02 and .06 dB, respectively. Opposite step

sizes were used for the x.75 series.

Brightness Discrimination (BD)

Visual stimuliwere grey rectangles (all three RGB settings were

equal) on a white background subtending 16.5� of visual angle

vertically and horizontally, respectively. On each trial, two

stimuli were presented successively for 800 ms in the center of a

1900 TFT-monitor screen (ViewSonic VS10162). The partici-

pant’s task was to decide whether the first or the second rect-

angle was brighter. Brightness of the standard stimulus was

32.7 cd/m2. Brightness of the initial comparison stimulus was

35.7 cd/m2 in the x.25 series and 29.7 cd/m2 in the x.75 series. In
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the first six trials of the x.25 series, brightness of the comparison

stimulus was increased by 0.4 cd/m2 anddecreasedby1.2 cd/m2

after acorrect and incorrect response, respectively. ForTrials7–

32, step sizes were 0.3 and 0.9 dB, respectively. Opposite step

sizes were employed for the x.75 series.

Psychometric Intelligence

For the measurement of psychometric intelligence, subtests of

theBerlinModelof IntelligenceStructure (BIS) test (Jäger,Süß,

& Beauducel, 1997) were administered. This test is a paper–

pencil test based on Jäger’s (1984) BIS model of intelligence.

The BIS model classifies cognitive abilities with respect to the

required mental operations (reasoning, speed of processing,

memory, and creativity) and, concurrently, with respect to the

contents of the processed tasks (verbal, numerical, and figural

contents). Thus, the BIS subtests are combinations of operations

and contents (e.g., reasoning for processing verbal, numerical,

and figural contents). A more detailed description of the BIS

modeland anevaluationof the BIS test isprovidedbyBucikand

Neubauer (1996)aswellasSüß,Oberauer,Wittmann,Wilhelm,

and Schulze (2002).

For the present study, six reasoning and six speed tests with

two subtests for each content (verbal, numerical, figural) were

used.TheBISmodeldoesnotconsidercontentsandoperations

as independent dimensions so that a general factor of intelli-

gence has been assumed (Jäger et al., 1997). General intelli-

gence, referred to as psychometric g, was quantified as the first

unrotated component of a principal component analysis across

all z-standardized subtestmeasures (cf. Jensen, 1998; Jensen&

Reynolds, 1982). With this procedure, higher factor scores indi-

cate higher levels of psychometric g.

Musical Background

Years of musical training were recorded on a 3-point rating

scale: (1) have never playeda musical instrument, (2) have less

than five years of musical training, and (3) have five or more

years of musical training.

Time Course of the Study

The intelligence tests and the experimental tasks wereapplied in

two different sessions with a 1-week interval between the ses-

sions. For half of the participants, the sensory tasks were pre-

ceded by psychometric assessment of intelligence, while for

the other half, intelligence tests were administered in the first

session. Psychophysical assessment of sensory discrimination

performance took place in a sound-attenuated room with con-

stant ambient light. Order of experimental tasks was counter-

balanced across participants.

Results

Table 1 reports mean extent of musical training, mean factor

scores on psychometric g, and mean performance on the three

sensory discrimination tasks for male and female participants.

As can also be seen in Table 1, t-tests revealed that psychomet-

ric intelligence and performance on pitch and loudness dis-

crimination was significantly better for the men than for the

women.Significantdifferencesbetweenbothgroupswereshown

neither for the extent of musical training nor for brightness dis-

crimination.

To illustrate the significance of the observed effect size

indices of d = .62 and d = .40 for pitch and loudness discrimina-

tion, respectively, d can be converted into percentage of non-

overlap (Cohen, 1988). When d = 0, the distribution of perfor-

mance scores (expressed as the DL) for the male and the female

group would be perfectly superimposed on each other, i.e., there

is 100% overlap. Based on this consideration, an effect size d =

.62 for pitch discrimination means that 39.2% of the area cov-

ered by the male and female group combined is not overlapped

(cf. Cohen, 1988). Similarly, the effect size d = .40 for loudness

discrimination indicates a non-overlap of 27.4%, i.e., 27.4% of

the combined area was not shared by the sexes.

Additional correlational analyses revealed that perfor-

mance on all three sensory discrimination tasks was positively

related to psychometric intelligence. There also was a reliable

positive correlation between extent of musical training and

performance on pitch discrimination, while no such associa-

tion could be observed for loudness and brightness discrimi-

nation (see Table 2).

In a next step, the fact that performance on all three sensory

discrimination tasks was positively related to individual levels

of psychometric intelligence was accounted for by performing

additional one-way analyses of covariance with psychometric g

as a covariate. Because performance on pitch discrimination

Table 1 Means and SEM for musical background, psychometric intel-

ligence, and performance on the three sensory discrimination tasks for

male (N = 100) and female (N = 100) participants

Males Females t d

M SEM M SEM

Musical background 1.78 .08 1.99 .08 1.94 .27

Psychometric intelligence .23 .10 -.23 .09 -3.33*** .47

Pitch (DL in Hz) 3.69 .20 4.99 .22 4.38*** .62

Loudness (DL in dB) .57 .02 .64 .02 2.86** .40

Brightness (DL in cd/m2) 3.94 .12 4.01 .14 .37 .05

Significantly higher factor scores indicate a higher level of psychometric

intelligence for the male compared to the female group. Significantly

smaller DLs indicate better pitch and loudness discrimination for men

compared to women

** p\.01; *** p\.001 (two-tailed)
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was also associated with individual musical background, the

extent of musical training was introduced as a second covariate

for the statistical analysis of pitch discrimination.

In this latter case, a statistically significant effect of sex, F(1,

196) = 17.77, p\.001, partial g2 = .08, indicated better perfor-

mance on pitch discrimination for males compared to females;

adjusted mean DLs (±SEM) were 3.73 ± 0.078 Hz and 4.95 ±

0.080 Hz for the male and female group, respectively.

Analysis of covariance controlling for individual levels of

psychometric intelligence also yielded reliably better male per-

formance on loudness discrimination, F(1, 197) = 5.64, p\.05,

partial g2 = .028; adjusted mean DLs were 0.58 ± 0.003 and

0.64 ± 0.002 dB for men and women, respectively. There was,

however, no evidence for a sex-related difference in brightness

discrimination, F(1, 197)\1, partial g2 = .003. Thus, statistical

removal of the effects of psychometric intelligence, in the case

of loudness and brightness discrimination, or of the effects of

both psychometric intelligence and musical training, in the case

of pitch discrimination, did not alter the initial results obtained

by t-tests.

To further elucidate the contributions of sex, psychometric

intelligence, and musical background to individual differences

in pitch discrimination performance, a regression analysis was

calculated. The standardized beta weights were b= -.28 (p\
.001) for sex,b= -.23 (p\.001) forpsychometric intelligence,

and b= -.25 (p\.001) for musical background. All three pre-

dictors together explained a portion of 21.6% of overall vari-

ability in pitch discrimination. As indicated by semi-partial cor-

relations, unique portions of variance of 7.1, 5.2, and 4.8% (all p

values\.001) were accounted for by sex, psychometric intel-

ligence, and musical background, respectively.

Loudness discrimination performance showed a significant

sexdifferenceaswell asa significantpositiveassociation topsy-

chometric intelligence. When considering both sex and psy-

chometric intelligence in a regression analysis to predict perfor-

mance on loudness discrimination, the standardized beta weights

were b= -.17 (p\.05) for sex and b= -.13 (p = .07) for psy-

chometric intelligence. Both predictors together explained 5.6%

of variance of loudness discrimination. Portions of variance

uniquely explained by sex and psychometric intelligence were

2.6% (p\.05) and 1.7% (p = .07), respectively.

Discussion

The present study investigatedsex-related differences in thedis-

crimination of pitch, loudness, and brightness as three basic

aspects of sensory functioning. Reliably better performance for

men compared to women was revealed for pitch and loudness

discrimination. In a meta-analysis of research on psychological

gender differences, Hyde (2005) arrived at the conclusion that,

in terms of effect sizes, most sex-related differences are in the

close-to-zero or small range (i.e., 0\d\.35), while only few are

in the moderate or large range (d[.35). Thus, the effect sizes of

d = .62 and d = .40 obtained in the present study for pitch and

loudness discrimination, respectively, can be considered sub-

stantial. InHyde’sreview,onlyveryfewcognitivevariables,such

as spatial perception (d = .44) and mental rotation (d ranging

from .56 to .73), showed effect size estimates of a similar mag-

nitude while, for the majority of all cognitive variables reviewed

by Hyde (2005), effect size estimates were markedly smaller.

Unlike discrimination of pitch and loudness, no significant dif-

ference between the sexes was found for brightness discrimina-

tion. Furthermore, performance on loudness discrimination was

positively related to psychometric intelligence, while pitch dis-

crimination was positively related to both psychometric intelli-

gence and individual levels of musical training.

In his classic paper, Spearman (1904) argued that sex-related

differences in sensory discrimination were mediated by differ-

ent levelsof intelligenceof themaleandfemalegroupstobecom-

pared. Thus, when differences in mental ability were statistically

removed before examining the relationship between sex and sen-

sory discrimination, no sex-related performance differences

should be found. In the present study, sex-related differences in

pitch and loudness discrimination could be established. With

both discrimination tasks, men performed reliably better than

women. Contrary to Spearman’s (1904) assumption, this finding

held even after controlling for individual differences in general

intelligence, in the case of loudness discrimination, and after con-

trolling for individual differences in both general intelligence and

musical training, in the case of pitch discrimination.

It is worth mentioning that the pattern of sex-related differ-

ences observed in the present study also suggests that Spear-

man’s (1904) conception of a latent variable referred to as Gen-

eral Discrimination was not an appropriate approach for investi-

gatingsex-relateddifferences insensorydiscrimination.Rather,

our finding of sex-related differences for pitch and loudness dis-

crimination and the concurrent absence of such a difference for

brightnessdiscrimination indicate that sex-relateddifferences in

sensory discrimination depend upon the specific sensory func-

tion under investigation. Thus, sex-related differences in sen-

sory discrimination cannot be considered a characteristic trait

common to all aspects of sensory functioning.

In the present study, performance on pitch and loudness

discriminationwaspositivelyassociatedwithpsychometric intel-

ligence (as well as with musical training in the case of pitch

Table 2 Intercorrelations among psychometric intelligence, musical

background, and performance on the three sensory discrimination tasks

Musical

background

Psychometric

intelligence

Pitch Loudness

Psychometric

intelligence

.13

Pitch .24** .33***

Loudness .01 .17* .22**

Brightness .06 .33*** .38*** .28***

* p\.05; ** p\.01; *** p\.001 (two-tailed)
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discrimination). Therefore, additional regression analyses were

performed to elucidate the unique contributions of sex, psy-

chometric intelligence, and, in the case of pitch discrimination,

musical background to the explanation of the observed overall

variability in discrimination performance of both these sensory

tasks. All three predictor variables had statistically significant

unique contributions to account for overall variability in pitch

discrimination. As the most powerful predictor variable, sex

accounted for 7.1% of the variance followed by psychometric

intelligence and musical training that accounted for portions of

5.2 and 4.8%, respectively. This pattern of results suggests that

individual differences in mental ability and musical back-

ground, if not controlled for, may produce a confounding effect

that could mask a potential effect of sex on pitch discrimination.

This may be a possible reason why McGuinness (1972) failed to

observe sex-related individual difference in pitch discrimina-

tion. Although McGuinness (1972) found that years of musical

training was reliably related to better pitch discrimination, she

did not statistically control for the influence of musical back-

ground on pitch discrimination. Moreover, she did not measure

psychometric intelligence to control for its influence on sex-

related differences in pitch discrimination. Therefore, it is con-

ceivable that, in her study, potential influences of sex, musical

background, and mental ability on pitch discrimination inter-

fered with each other.

With regard to loudness discrimination, regression analysis

yielded a statistically significant portion of unique variance of

2.6% for sex as predictor variable, whereas the portion of 1.7%

of unique variance for psychometric intelligence just failed to

reach the 5%-level of statistical significance. Thus, our findings

suggest much more potent, specific (unique) influences of sex,

mental ability, and musical background on pitch than on loud-

ness discrimination. Unlike pitch and loudness discrimination,

there was no indication for a sex-related difference in perfor-

mance on brightness discrimination.

Numerous studies on sex-related differences in auditory sen-

sitivity as assessed by pure tone thresholds suggest lower abso-

lute thresholds for the detection of a soundfor women compared

to men, particularly at higher frequencies (cf. Baker, 1987;

Corso, 1959; Dreisbach, Kramer, Cobos, & Cowart, 2007; Sax,

2010). The present study expands this finding by demonstrating

a male advantage in theability to perceive differences in the loud-

ness of two tones. At first sight, the former finding of better per-

formance on pure tone detection for women and the present

findingofbetter loudnessdiscrimination formenmayappearcon-

tradictory. There are, however, at least two reasonable explana-

tions that can account for these apparently inconsistent results.

First, from a psychophysical perspective, absolute judgments

for estimating detection thresholds and comparison judgments

for estimatingdifference thresholds may involve qualitatively

different modes of cognitive processing (Nahum, Daikhin, Lu-

bin, Cohen, & Ahissar, 2010). Second, and even more impor-

tant, there are distinct aspects of auditory sensitivity that are

functionally independent of each other. Therefore, the direction

ofsex-relateddifferences inauditorysensitivity isnotconsistent

but varies as a function of the specific sensory task applied. As

already mentioned, women outperform men in pure tone detec-

tion tasks (cf., Baker, 1987). On the other hand, superior male

auditory sensitivity has been demonstrated, for example, with

auditory masking tasks (Neff, Kessler, & Dethlefs, 1996) and

for the discrimination of small differences in interaural arrival

times, i.e.,differencesin thetimeofarrivalofa toneat the twoears

(Langford, 1994). Most interestingly, in this latter study, Lang-

ford (1994) also showed that men were better than women at

detecting interaural differences in sound intensity (see also

McFadden, 1998). This male advantage in interaural sensitivity

for sound intensity corresponds nicely to the present finding of

better performance on binaural loudness discrimination for men

compared to women. Given these considerations, future studies

should be designed to further investigate both these tentative

explanations.

In a review on sex differences in sensory functions, Velle

(1987) concluded that differential sensitivity of the male and

femaleauditorysystemmaybe influencedbysexhormones.Con-

vergingevidencefor thishypothesiscomesfromstudiesonorga-

nizational and activational effects of sex hormones on measures

ofauditory sensitivity, such as auditory brain-stemresponses, ot-

oacoustic emissions or pure tone thresholds (e.g., McFadden,

2002, 2009). While organizational effects refer to permanent

structural changes initiated primarily by prenatal hormone expo-

sure, activational effects relate to the response elicited by the

presence of a hormone after differentiation and organization (cf.

Arnold & Breedlove, 1985). Thus, activational effects occur at a

later stage than organizational effects, usually during adult-

hood, and include normal cyclical physiological functions,

suchas themenstrual cycle.Furthermore,Velle (1987)pointed

out that there seems to be no evidence for an influence of sex

hormones on sensitivity of the visual system.

Such a conclusion appears to be consistent with the outcome

of the present study. Sex-related differences could be estab-

lished for pitch discrimination and loudness discrimination, two

sensory functions of the auditory system, but not for brightness

discrimination representing an aspect of visual acuity. Within

Velle’s (1987) biological framework, it is likely that sex-related

individual differences in aspects of auditory sensitivity are the

result of differences in the genetic program of men and women.

Sex-related genetic influences are well-known to control the

secretion of sex hormones, such as estrogens and androgens,

during fetal life as well as after reaching puberty (e.g., Hines,

2009; Schulz, Molenda-Figueira, & Sisk, 2009). Organizational

effects of sex hormones during prenatal development or during

puberty and activational effects after maturation might have

contributed to the observed sex-related individual differences in

pitch and loudness discrimination. Given Velle’s (1987) bio-

logical line of reasoning, no such hormonal influence appears to

become effective for visual sensory sensitivity and, thus, no sex-
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related differences are to be expected. This, however, does not

necessarily mean that there are no sex-related differences with

regard to other aspectsofvisualperception suchasvisual acuity,

visual persistence or color blindness (cf. Ellis et al., 2008).

To sum up, the present study showed sex-related differences

inpitchandloudnessdiscriminationwithmenperformingbetter

than women. Thesedifferences remained stable even when con-

trolling for individual levels of mental ability. Additional regres-

sion analyses revealed that each of the three predictor variables of

sex, psychometric intelligence, and musical training accounted

for a statistically significant portion of unique variance in pitch

discrimination. Unlike pitch and loudness discrimination, as two

aspects of auditory sensory functions, no sex-related differences

could be observed for brightness discrimination. Although the

ultimate cause for differences between men and women in the

sensory functions investigated in the present study is still

unknown, action of steroidal hormones may play a crucial role

in the formation of these sex-related differences.
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