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Abstract We examined sex-related differences in the

ability to recognize emotional prosody in late childhood

(9–12 year olds) and adolescence (13–15 year olds) in

relation to salivary testosterone levels. In order to examine

both the accuracy and the sensitivity in labeling emotional

prosody expressions, five intensities (20, 40, 60, 80, and

100%) for each of three emotion categories were used as

stimuli. Totals of 25 male and 22 female children and 28

male and 28 female adolescents were tested on their rec-

ognition of happy, angry and sad prosody at the different

intensities. The results showed that adolescent females

were more sensitive to happy and sad prosody than males

but not to angry prosody, whereas there were no sex-related

differences in emotional prosody in late childhood for any

of the emotional categories. Furthermore, salivary testos-

terone levels were higher in males than females in ado-

lescence, but not in late childhood, suggesting that the sex

differences for emotional prosody recognition emerges in

adolescence during which testosterone levels become

higher in males than females.
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Introduction

We need to pay attention to the emotions of others in

order to successfully create human relationships since

emotional signals help us to predict the actions of others

and to adjust our own behavior appropriately. Besides the

semantic meaning of words, emotional prosody in speech

may convey important information about the emotional

state of the speaker. Emotional prosody is defined as the

ability to express emotions through various acoustical

parameters of human speech, such as pitch, intensity and

duration [1]. A specific profile of these parameters can be

described by a specific emotion. For example, anger is

typical of a relatively high intensity, speech rate and

mean fundamental frequency (F0), whereas sadness is

typical of low intensity, speech rate and mean F0 [2].

This signaling function plays a significant role in

everyday communication and has the potential to deter-

mine the meanings of a contradicting verbal message

(e.g., irony).

It is the general consensus that women recognize emo-

tional expression from faces [3], body movements [4] and

voices [5] more accurately than do men. While many

behavioral studies have reported sex-related differences in

the perception of facial emotions (see [3] for a review),

only a few studies have paid attention to the processing of

emotional information in the voice [6]. Behavioral studies

on prosody have focused on sex differences in phonolog-

ical rather than emotional tasks [7–10]. Recently, several

laboratories have developed lines of research that investi-

gate emotional prosody processing in men and women.

Schirmer and colleagues [11], in a cross-modal priming

experiment, suggesting that women may make faster use of

emotional prosody during language processing. Everhart

and colleagues [5] examined the processing of emotional

utterances to avoid potential confounds with linguistic

processing. The sex-related main effect also suggests that

women may process emotional prosody more quickly than

do men.
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When do the sex-related differences in emotional pros-

ody emerge in life? Sexual differentiation for emotional

prosody perception may result from sexual differentiation

for structural correlates of the function. Many sex differ-

ences in brain structures seem to occur after the onset of

puberty (see [12] for a review) although developmental

trajectories differ among structures. Especially, the tem-

poral lobe including regions associated with emotional

prosody [13, 14] continues to develop structurally

throughout late childhood and adolescence [15, 16].

In light of the above findings, we have investigated sex

differences in the recognition ability of emotional prosody

in late childhood and adolescence. With regard to emo-

tions, we focused on happy, sad and angry emotions

because a previous adult study investigated sex differences

in happy, sad and angry prosody recognition [6]. In the

present study, we used blends of happy, sad and angry with

neutral prosody expressions to determine the overall

accuracy and sensitivity of each group to the target

emotion.

Sexual differentiation for emotional prosody and its

responsible structures should be affected by hormonal

maturation more strongly than chronological age [17], so

we have measured salivary levels of testosterone in late

childhood and adolescence.

Methods

Participants

The participants were recruited from two elementary

schools and one junior high school in two geographical

areas of Nagasaki prefecture in Japan, representative of a

range of socioeconomic status (SES) backgrounds. Exclu-

sion criteria for children and adolescents were: (1) current

or lifetime history of neurological, or psychiatric disorder,

(2) current or lifetime history of hearing loss, and (3) full

scale IQ at 5 years of age lower than 80. The experimental

protocol was conducted according to the tenets of the

Helsinki Declaration and was approved by the Ethics

Committee of the Nagasaki University.

The late childhood group consisted of 22 female (mean

age 10.1 ± 1.24 years) and 25 male (mean age 10.4 ±

1.65 years) children aged 9–12 years (mean age

10.3 ± 1.46 years). The adolescent group consisted of 28

female (mean age 14.4 ± 0.93 years) and 28 male adoles-

cents (mean age 14.4 ± 0.68 years) aged 13–15 years

(mean age 14.4 ± 0.82 years). Mean ages for females and

males were not significantly different for each age group. In

the present study, we investigated these groups (late

childhood and adolescence) as distinct experimental groups

for the following reasons: first, to control the socio-

environmental factor between the groups because they were

at different stages in the Japanese educational curriculum;

second, to control the factor of cognitive functions because

it has been suggested [18] that Japanese children at the age

of about 12 or 13 are in a state of cognitive transition; and

third, they were separated into two groups to control for

factors related to psychological development because,

according to the traditional theory of developmental psy-

chology [19], they are likely to be at different stages.

Measures

Hormone assays

Saliva samples were collected from each participant

between 1200 and 1300 hours on the day of the experiment

(15–30 min before the noon meal), by having them spit

through a straw into a small polystyrene tube. Saliva

samples were frozen and stored at -80�C in the laboratory.

Testosterone was assayed in saliva duplicates using an

ELISA technique (Salimetrics, State College, USA), with

each sample being analyzed in duplicate. The average

intra-assay coefficient of variation (CV) was 4.1%.

Emotion recognition of vocal expressions

These vocal stimuli were taken from our original dataset

where four professional actors (two boys, two girls) pro-

duced a one-word utterance ‘‘Suzuki-san’’ (the most pop-

ular name in Japan) with happy, angry, sad and neutral

prosody for each age group (late childhood and adoles-

cence). Voices were recorded in a sound-proof room of a

motion picture studio, using a MKH416 condenser micro-

phone (Sennheiser) at a distance of approximately 30 cm,

and fed into a digital audiotape recorder (Sony, TCD-

10PRO) with 16-bit resolution and a sampling rate of

48 kHz. They were then edited into meaningful segments

with a normalized peak value (90% of maximum ampli-

tude) and were downsampled at 44.1 kHz, using Soun-

dEngine Free (Cycle of 5th). For each actor and

vocalization category, only the best occurrence, evaluated

as successful by the two experimenters, was included in the

dataset. For each emotion, these sounds were morphed at 6

intensity levels (0% as an emotionally neutral stimulus, and

at 20, 40, 60, 80 and 100% for stimuli with emotional

valence) using STRAIGHT software [20]. Here, the 100%

intensity level was the original voice recording uttered by

actors with each emotion. STRAIGHT is a high-quality

speech modification procedure and can be used to enable

auditory morphing for CD quality test stimuli. Morphing

voices using the STRAIGHT technique is very simple, and

can be executed interactively using Matlab GUI. First, the

F0 and aperiodicity were extracted from the target two
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voices for morphing, and then the STRAGHT spectrogram

calculation was executed. After that, the anchoring points

for the target voices using the prepared GUI were set, and a

morphed sound (similar to morphing two faces using

suitable software) was synthesized (Fig. 1).

The experiments were conducted in a quiet room of the

participants’ school. Voice stimuli were presented for 1.5 s

via speakers connected to a computer placed in front of the

subjects. The level of the audio signal was adjusted to

clearly audible. The stimulus presentation and data col-

lection were controlled by a PC running SuperLab software

(Cedrus, San Pedro, USA). There were 64 stimuli overall

[(5 intensity levels 9 3 expressions 9 4 actors) ? (neutral

expression 9 4 actors)], presented in random order in two

blocks of 64 (each stimulus was presented once in each

block). Participants were asked to categorize sounds into

four types (happiness, anger, sadness and neutral) follow-

ing a schematic face presented on the computer screen

(Fig. 2). Ratings were obtained after each presentation

using the computer keyboard.

Accuracy

Figure 3 shows the mean accuracy at each intensity level

for each expression when the data were first averaged

across the four models seen by each participant and then

averaged across participants in each age group. Most errors

occurred at low intensities of the morphed emotions, where

expressive voices were identified as neutral. We measured

these errors by calculating the threshold to recognize each

expression as different from neutral.

Sensitivity (thresholds)

To measure the children’s sensitivity to vocal expressions,

we calculated their thresholds to differentiate each vocal

expression from neutral. The sensitivity of each partici-

pant represents the recognizable tendency for the whole

category of the target emotion which is independent from

the morph levels. Responses by each participant were

categorized as neutral or nonneutral, with nonneutral

responses including both correct recognitions (e.g., 60%

anger classified as angry) and incorrect recognitions (e.g.,

60% anger classified as happy). With an increment of

morph levels, the percentage of the correct responses

should show a corresponding trend. We fitted a linear

function to the percentage of the correct responses of each

participant for each expression. We estimated two

parameters: a, the slope, and b, the intercept. The esti-

mated value of b was used as the threshold and corre-

sponds to p = .5, where p is the probability of

recognition. In other words, the threshold value means the

intensity level at which the expressive voice will be rec-

ognized as neutral 50% of the time and recognized as
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Fig. 1 Spectrograms of voice

samples of the three emotion

morph continua used in this

experiment: a neutral to happy,

b neutral to angry, and c neutral

to sad

Fig. 2 Schematic faces. From left to right: happy, angry, sad, and

neutral

J Physiol Sci (2011) 61:429–435 431

123



corresponding to one of the three emotional expressions in

the remaining 50%. The individual’s threshold for each

expression was averaged across the independently derived

estimates for the four models.

Results

Hormone levels

Table 1 shows salivary testosterone levels for the male

and female subjects for each age group. To investigate the

effect of sex for salivary testosterone level, 2 9 2 ANO-

VAs (sex 9 age group) were conducted, sex (male,

female) and age group (late childhood, adolescence) as

between-subject factors. First, with regard to the testos-

terone level, the interaction of sex 9 age group were

significant [F(5,270) = 4.01, p \ .005]. The test of post

hoc comparison revealed that a simple main effect of sex

was not significant in late childhood group (p [ .10), but

was significantly different in the adolescent group

(p \ .001). These results suggest that the mean testoster-

one level for males was higher than for females in ado-

lescence, while gender differences were not observed in

late childhood.

Accuracy

Figure 3 shows the accuracy for the separate emotions for

both groups. To investigate the effect of sex, 2 9 6

ANOVAs (sex 9 intensity level) were conducted for each

emotion, sex (male, female) as between-subject variable

and intensity level (6 levels: 0, 20, 40, 60, 80, 100%) as

within-subject factors. First, for the happy voice, the main

effect of sex and the interaction of sex 9 intensity level

were not significant in the late childhood group

[F(1,39) = 0.17, n.s.; F(5,195) = 0.95, n.s., respectively],

but in the adolescent group, sex 9 intensity level interac-

tion was found [F(5,270) = 4.01, p \ .005]. The test of

post hoc comparison revealed a simple main effect of sex

[F(1,324) = 17.89, p \ .001] for the 100% intensity level.

These results suggest that female adolescents were more

accurate in recognition of the happy voice with strong

expression than males. Next, for the angry voice, the main

effect of sex and the interaction of sex 9 intensity level

were not significant in the late childhood group

[F(1,42) = 1.10, n.s.; F(5,210) = 1.48, n.s., respectively].

Similarly in the adolescent group, the main effect and the

interaction were not significant [F(1,54) = 0.01, n.s.;

F(5,270) = 1.71, n.s., respectively]. These results suggest

that there is no sex difference of accuracy in recognition of
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the angry voice in these developmental stages. Finally, for

the sad voice, the main effect of sex and the interaction of

sex 9 intensity level were not significant in the late

childhood group [F(1,42) = 2.56, n.s.; F(5,210) = 0.85,

n.s., respectively], but in the adolescent group, the main

effect of sex was significant [F(1,54) = 5.62, p \ .05].

These results suggest that female adolescents were more

accurate in recognition of the sad voice than males.

Sensitivity

For the threshold rates, we tested the effect of sex differ-

ence separately for each expression for each age group

(Fig. 4). First, for the happy voice, the sensitivity score was

not significant in the late childhood group [t(38) = 1.66,

n.s.], but was significantly different in the adolescent group

[t(54) = 1.93, p \ .05]. These results suggest that female

adolescents were more sensitive in recognition of the

happy voice than males, while there was no sex difference

of sensitivity in recognition of the happy voice in both age

groups. Next, for the angry voice, the sensitivity score was

not significantly different in common to both age groups

[t(40) = 1.34, n.s.; t(54) = 0.01, n.s.; respectably].

Finally, for the sad voice, the sensitivity score was not

significant in the late childhood group [t(41) = 1.42, n.s.],

but in the adolescent group, the score was significantly

different [t(54) = 3.76, p \ .001]. These results suggest

that female adolescents were more sensitive in recognition

of the sad voice than males, while there was no sex

differences of sensitivity in recognition of the sad voice in

the late childhood group.

Discussion

The current study evaluated the sex difference for prosody

recognition abilities in late childhood and adolescence by

means of morphing techniques. The results revealed that

adolescent females were more sensitive to happy and sad

prosody than males, whereas these differences were not

shown in late childhood for any emotional category of

prosody. On the other hand, salivary testosterone levels

were higher in males than females in adolescence, but not

in late childhood. These findings suggest that the sex dif-

ferences for emotional prosody recognition emerge in

adolescence during which testosterone levels become

higher in males than females.

The present study investigated the influence of the actual

physical intensity of a particular expression on decoding

accuracy for emotional speech prosody. For this purpose,

we used a new technique, STRAIGHT [20], which enabled

us to manipulate speech parameters to vary the emotional

intensity. The validity of this procedure has been demon-

strated by previous studies showing that the naturalness of

morphed speech samples was comparable to natural speech

samples, and that this procedure allows for the creation of a

continuum of stimuli that vary gradually between different

emotional expressions [21]. Using this technique, we found

sex differences in the recognition for sad expressions

regardless of the intensity, and for happy expressions only

when the emotional intensity was strong. To our knowl-

edge, this is the first study to investigate the relationship

between the expressional intensity of emotional prosody

and decoding accuracy for each emotional category.

One of the most interesting findings in the present study

is sex differences in recognition ability for emotional

prosody in adolescence, around 14 years of age. Adolescent

Table 1 Means, standard deviations, and test scores for each group

Salivary testosterone (pg/ll)

Male Female p value

Late childhood 32.0 (25.1) 39.7 (27.5) n.s.

Adolescence 107.5 (47.5) 49.2 (22.8) \.001
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females were more sensitive to happy and sad prosody than

males. These results were consistent with a previous adult

study, which demonstrated that females judged happy and

sad prosody more accurately than males [6]. Similarly, our

current results were in line with electrophysiological stud-

ies, showing better accuracy in emotional prosody recog-

nition [22, 23] and faster recognition and enhanced cortical

responses in adult females than males [24]. Regarding the

superior sensitivity of females for emotional expression,

consistent results were reported for facial expressions [25,

26] and body movement studies [4].

On the other hand, a sex difference in sensitivity to

emotional prosody was observed only in adolescence, but

not in late childhood. Adolescence is an important devel-

opmental period in which major physical, psychological,

cognitive, and social transformations occur [27–29], and

gender differences emerge and manifest themselves [30,

31]. Hence, differences in sensitivity to emotional prosody

are likely. Indeed, neurodevelopmental studies suggest that

gray matter (GM) volume of the temporal lobe, part of

which is involved in emotional prosody perception [14, 32,

33], continues to develop structurally throughout late

childhood and adolescence in a gender-dependent fashion

[15, 16]. In contrast, the GM volume of the frontal and

parietal lobes matures much earlier in late childhood [15].

The emergence of sex differences in prosody recognition

during adolescence is likely consequent on steroid-

dependent activation and/or organization of brain struc-

tures associated with prosody perception. Several lines of

evidence suggest that androgen receptors (AR) are abun-

dant in the human temporal cortex [34, 35]. In the current

study, higher levels of testosterone were observed in ado-

lescent males than females. Additionally, the negative

relationship between recognition accuracy and testosterone

level was also found within the adolescent male group in

our preliminary investigation. Moreover, although we did

not investigate the sex difference in adults, a female

superiority in sensitivity for emotional prosody was found

[6]. Taking these findings together, the adolescent increa-

ses in testosterone might produce sex differentiation for

activation and/or organization of the male temporal lobe,

which plays an important role in detecting emotional

prosody. However, because females start biological matu-

ration at puberty about 2 years earlier than males [36], it

cannot be ruled out that the higher sensitivity to emotional

prosody in adolescent females was caused by factors of

biological development. This point clearly indicates a

limitation in the present study, and further investigation is

needed.

In conclusion, the present results show a higher sensi-

tivity for happy and sad prosody in adolescent females than

males while there was no difference in sensitivity to angry

prosody in either sex. These sex differences were not

observed in late childhood. Moreover, we pointed to the

possibility that these differences were modulated by a steep

increase in testosterone levels in adolescence. In the pres-

ent study, we could not clarify the neural mechanism

underlying this effect. Combining the present experimental

paradigm with neurophysiological indicators of temporal

cortex activities such as EEG and near-infrared spectros-

copy (NIRS) will be fruitful in further elucidating the

mechanisms underlying sexual differentiation for human

prosody perception.

Acknowledgments The authors would like to thank the students

and school teachers, especially Hidenori Ejima, Yukari Mori and

Katsuki Fukuda, who made this research possible.

References

1. Besson M, Magne C, Schön D (2002) Emotional prosody: sex

differences in sensitivity to speech melody. Trends Cogn Sci

6(10):405–407

2. Banse R, Scherer KR (1996) Acoustic profiles in vocal emotion

expression. J Pers Soc Psychol 70(3):614–636

3. McClure EB (2000) A meta-analytic review of sex differences in

facial expression processing and their development in infants,

children, and adolescents. Psychol Bull 126(3):424–453

4. Sogon S, Izard CE (1987) Sex differences in emotion recognition

by observing body movements: a case of American students. Jpn

Psychol Res 29(2):89–93

5. Everhart DE, Demaree HA, Shipley AJ (2006) Perception of

emotional prosody: moving toward a model that incorporates sex-

related differences. Behav Cogn Neurosci Rev 5(2):92–102

6. Bonebright TL, Thompson JL, Leger DW (1996) Gender

stereotypes in the expression and perception of vocal affect. Sex

Roles 34(5–6):429–445

7. Pugh KR, Shaywitz BA, Shaywitz SE, Constable RT, Skudlarski

P, Fulbright RK et al (1996) Cerebral organization of component

processes in reading. Brain 119(Pt 4):1221–1238

8. Pugh KR, Shaywitz BA, Shaywitz SE, Shankweiler DP, Katz L,

Fletcher JM et al (1997) Predicting reading performance from

neuroimaging profiles: the cerebral basis of phonological effects

in printed word identification. J Exp Psychol 23(2):299–318

9. Shaywitz BA, Shaywitz SE, Pugh KR, Constable RT, Skudlarski P,

Fulbright RK et al (1995) Sex differences in the functional orga-

nization of the brain for language. Nature 373(6515):607–609

10. Plante E, Schmithorst VJ, Holland SK, Byars AW (2006) Sex

differences in the activation of language cortex during childhood.

Neuropsychologia 44(7):1210–1221

11. Schirmer A, Kotz SA, Friederici AD (2002) Sex differentiates the

role of emotional prosody during word processing. Cogn Brain

Res 14(2):228–233

12. Lenroot RK, Giedd JN (2006) Brain development in children and

adolescents: insights from anatomical magnetic resonance

imaging. Neurosci Biobehav Rev 30(6):718–729

13. Grandjean D, Sander D, Pourtois G, Schwartz S, Seghier ML,

Scherer KR, Vuilleumier P (2005) The voices of wrath: brain

responses to angry prosody in meaningless speech. Nat Neurosci

8(2):145–146

14. Ethofer T, Anders S, Wiethoff S, Erb M, Herbert C, Saur R,

Grodd W, Wildgruber D (2006) Effects of prosodic emotional

intensity on activation of associative auditory cortex. Neuroreport

17(3):249–253

434 J Physiol Sci (2011) 61:429–435

123



15. Giedd JN, Blumenthal J, Jeffries NO, Castellanos FX, Liu H,

Zijdenbos A, Paus T, Evans AC, Rapoport JL (1999) Brain

development during childhood and adolescence: a longitudinal

MRI study. Nat Neurosci 2(10):861–863

16. Bramen JE, Hranilovich JA, Dahl RE, Forbes EE, Chen J, Toga

AW, Dinov ID, Worthman CM, Sowell ER (2011) Puberty

influences medial temporal lobe and cortical gray matter matu-

ration differently in boys than girls matched for sexual maturity.

Cereb Cortex 21(3):636–646

17. Neufang S, Specht K, Hausmann M, Güntürkün O, Herpertz-
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