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Abstract Prosodic attributes of speech, such as intonation,
influence our ability to recognize, comprehend, and produce
affect, as well as semantic and pragmatic meaning, in vocal
utterances. The present study examines associations between
auditory perceptual abilities and the perception of prosody,
both pragmatic and affective. This association has not been
previously examined. Ninety-seven participants (49 female
and 48 male participants) with normal hearing thresholds
took part in two experiments, involving both prosody recog-
nition and psychoacoustic tasks. The prosody recognition
tasks included a vocal emotion recognition task and a focus
perception task requiring recognition of an accented word in
a spoken sentence. The psychoacoustic tasks included a task

requiring pitch discrimination and three tasks also requiring
pitch direction (i.e., high/low, rising/falling, changing/steady
pitch). Results demonstrate that psychoacoustic thresholds
can predict 31% and 38% of affective and pragmatic prosody
recognition scores, respectively. Psychoacoustic tasks re-
quiring pitch direction recognition were the only significant
predictors of prosody recognition scores. These findings
contribute to a better understanding of the mechanisms un-
derlying prosody recognition and may have an impact on the
assessment and rehabilitation of individuals suffering from
deficient prosodic perception.

Keywords Psychoacoustics . Music cognition . Sound
recognition . Audition

Introduction

When we speak, we can express pragmatic and emotional
meaning, not only through words, but also by changing
certain attributes of our voice, such as fundamental frequen-
cy (f0), perceived as pitch, intensity (perceived as loudness),
and duration. An all-encompassing term for such acoustic
attributes of speech is prosody. Indeed, identical phrases may
convey completely different pragmatic or emotional infor-
mation, depending on their prosody. For example, an utter-
ance conveying a joyful feeling is likely to be loud and
display a relatively large f0 range, whereas a sad utterance
would tend to be softer with a smaller f0 range (Sobin &
Alpert, 1999).

Prosody recognition has been described as a multistep
process, involving both sensory and cognitive mechanisms.
Auditory perceptual mechanisms perform an initial acoustic
analysis of the speech signal, followed by higher cognitive
mechanisms, which derive pragmatic and emotional mean-
ing from the acoustic components, employing preexisting
socio-emotional scripts (Schirmer & Kotz, 2006). Studies
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investigating these cognitive mechanisms have associated
vocal emotion recognition with the ability to comprehend
others’ mental and emotional states, commonly referred
to as theory of mind (Kleinman, Marciano, & Ault, 2001;
Rutherford, Baron Cohen, & Wheelwright, 2002) or emo-
tional intelligence (Trimmer & Cuddy, 2008). These stud-
ies have viewed vocal emotion recognition as part of a
more general emotion recognition mechanism, guiding
the attention and perception of emotional cues through
the different sensory channels (Adolphs, 2003).

A relatively limited number of studies have highlighted
the importance of auditory perceptual abilities to the percep-
tion of prosody. These studies have focused mainly on pop-
ulations representing the extreme ends of auditory capacities.
For example, research conducted with hearing-impaired in-
dividuals showed that intonation, stress, and emphasis in
voice are difficult to perceive by many individuals with
severe hearing loss (Gold, 1987), including individuals
with cochlear implants (Most & Peled, 2007). Other
studies demonstrated that musicians, who represent bet-
ter than average auditory capabilities, exhibit enhanced
performance in identifying emotion in vocal utterances
(Thompson, Schellenberg, & Husain, 2004).

The results of the above studies, focusing on unique
populations, support an association between auditory
abilities and the ability to perceive prosodic cues in
speech. This association, however, has not been previ-
ously examined in the general population. The reason for
this absence of data may be the common belief that auditory
perceptual abilities (such as pitch discrimination) of indi-
viduals with intact hearing are sufficient to extract the
acoustic information needed to infer meaning from the
prosodic attributes of speech. A closer look, however, at
prior research investigating vocal emotion recognition in
the general population shows rather low scores (approxi-
mately 60%) for recognition of emotions conveyed in voice
(e.g., Fenster, Blake, & Goldstein, 1977; Hammerschmidt
& Jurgens, 2007; Scherer, 2003; Sobin & Alpert, 1999).
There are two possible explanations for this phenomenon.
The immediate explanation would be that the subjective
character of emotion recognition dictates a great variability
in the way individuals interpret emotional messages. An-
other possible explanation is that individual differences in
lower level perceptual mechanisms underlie the low con-
sensus in vocal emotion recognition. This second conjec-
ture is supported by evidence showing large variability in
pitch discrimination thresholds in the general population
(Johnson, Watson, & Jensen, 1987; Kidd, Watson, & Gygi,
2007; Surprenant & Watson, 2001). Further support of this
approach is provided by findings demonstrating better abil-
ities of musicians in pitch discrimination (Dankovicova,
House, Crooks, & Jones, 2007; Kishon-Rabin, Amir,
Vexler, & Zaltz, 2001; Magne, Schon, & Besson, 2006;

Schon, Magne, & Besson, 2004), as well as in recognition
of emotions in voice (Thompson et al., 2004).

The fundamental frequency (f0) of the speech signal,
perceived as pitch, is one of the most informative acoustic
parameters, carrying affective and pragmatic information in
speech. Various features extracted from the f0 contour (such
as slope, standard deviation, mean, range, and others) serve
as important cues enabling us to deduce the emotional state
of our dialogue partner (Hammerschmidt & Jurgens, 2007;
Monnot, Orbelo, Riccardo, Sikka, & Rossa, 2003; Pell &
Baum, 1997). Certain features of pitch can discriminate
between emotions involving high levels of arousal (such as
happiness, anger, and fear) and emotions involving relatively
lower levels of arousal (such as sadness and tenderness). For
example, rising f0 contours and an increase in mean f0 are
associated with high arousal, whereas falling f0 contours and
a decrease in mean f0 may be associated with lower arousal
(Juslin & Laukka, 2003). In order to successfully differenti-
ate between different emotion types, it is therefore necessary
to distinguish between high and low pitch, as well as rising
versus falling pitch contours. These perceptual abilities in-
volve recognition of large, as well as small, pitch fluctua-
tions. The importance of small pitch changes as informative
cues for emotion recognition has long been acknowledged.
Lieberman and Michaels (1962) demonstrated that smooth-
ing the f0 contours with a 40-ms time constant resulted in a
drop of emotion recognition scores from 47% to 38%. Fur-
ther smoothing with a larger 100-ms time constant reduced the
recognition rate to 25%. They concluded that microperturbations
are an essential cue to some expressions of emotions in speech
(Lieberman & Michaels, 1962).

Pitch features also play an important role in pragmatic
prosody recognition. For example, pitch serves as a major
cue in determining the position of lexical stress and word
accent in a sentence (Amir, Almogi, & Mixdorff, 2008;
Eady, Cooper, Klouda, Mueller, & Lotts, 1986; Hasegawa
& Hata, 1992). Typically, an accented word is characterized
by heightened average f0 in the stressed syllable, as well as
higher intensity and longer duration. Details of the f0 contour
in this syllable may differ, depending on the location of the
accented word in the sentence: It could be rising, falling, or
peaked (Hasegawa & Hata, 1992). In some languages, pitch
cues carry over to the rest of the sentence in the form of
postfocal compression, which is the tendency to have a lower
pitch range in the rest of the utterance after the accented
syllable (Xu, 2011; Xu & Xu, 2005). Therefore, in order to
perceive the location of an accented word in a sentence, the
ability to distinguish between high and low pitch seems
highly relevant.

The above cited studies imply that prosody recognition,
pragmatic and affective alike, relies on a range of pitch-
processing abilities. The purpose of the present study was
to examine whether this dependence would be supported by
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empirical evidence. Two experiments were performed. In
the first experiment, four psychoacoustic tests, as well as
two prosody recognition tests, were employed. The psy-
choacoustic tests consisted of both steady tone and glid-
ing tone tasks. Single thresholds were obtained in a pitch
discrimination task, using an odd-ball paradigm and in
pitch identification tasks (high/low pitch, rising/falling pitch,
changing/steady pitch). The prosody recognition tests in-
cluded a vocal emotion recognition task, as well as a prag-
matic prosody task, in which participants had to choose the
meaning of the spoken sentence according to the accented
word.

The goal of the second experiment was to determine
whether the associations between certain psychoacoustic
abilities and prosodic perception, which were revealed in
the first experiment, would be retained in a multithreshold
psychoacoustic assessment protocol. This was performed in
order to exclude the possibility that the results of the first
experiment represent task-specific procedural factors, which
may influence the first threshold assessments (Karni &
Bertini, 1997). The psychoacoustic tests employed in this
experiment were the tasks that exhibited the most pro-
nounced association with prosodic perception in the first
experiment.

Experiment 1

Method

Participants

A group of 60 participants (30 males and 30 females), 20–
36 years of age (M = 25.3, SD = 4.25) took part in the
experiment. All participants were native Hebrew speakers
with no known neurological or psychiatric conditions. Par-
ticipants were recruited from the general population. No
professional musicians were included. Participants were
questioned about the exact duration of instrumental and
theoretical musical studies. Of the participants, 41.7% had
no prior musical training. The median of the duration of
musical training was 1.75 years (interquartile range: 0–
3 years). Participants underwent hearing screening at 0.5–
4 kHz and demonstrated bilateral pure-tone air-conduction
thresholds within normal limits (<15 dBHL) (ANSI, 1996).
Participants had no previous experience in psychoacoustic
testing and signed a consent form prior to the beginning of
the experiment.

Stimuli and tasks

A total of six tasks were employed, including four psycho-
acoustic tasks, a four-block vocal emotion recognition

(VER) task, and a focus perception (FP) task. No feedback
was given in any of the tasks, except in the training sessions.
All assignments were implemented as a graphic user inter-
face (GUI) programmed in MATLAB and involved using a
mouse to press the appropriate button in the GUI. The
number of buttons in the GUI varied according to the task.

Psychoacoustic tasks The thresholds in all psychoacoustic
tasks were obtained using a two-down, one-up adaptive stair-
case procedure, converging at a performance level of 70.7%
(Levitt, 1971). The initial step size was 40 Hz. The step size
was divided by 2 after each reversal, until a final step size of
1 Hz was reached. Assessment terminated after 10 reversals
with the final step size. Thresholds were calculated using the
arithmetic mean of the last 8 reversals. All stimuli were
300 ms in duration, (including 25-ms rise and fall ramps) with
a 500-ms interstimulus gap. The sound level was adjusted for
each participant, according to his or her individual comfort.
All tests were preceded by a training session, in which partic-
ipants had to achieve five subsequent successes in order to
begin the experiment (binomial calculation yields a probabil-
ity of p = .03 for obtaining five consecutive correct answers by
chance). This was performed in order to ensure that partici-
pants fully understood the procedure, thus reducing the pos-
sible influence of procedural factors, related to the task. The
stimuli in the training session employed a single easy-to-
detect frequency interval of 200 Hz between the reference
tone and the test tone or a 200-Hz frequency range of the
gliding tones. The employment of a suprathreshold frequency
difference in the training session was meant to ensure that the
training process only clarified the operation of the task's
interface and that the threshold obtained reflected primarily
untrained auditory perceptual abilities. Each psychoacoustic
task consisted of one threshold assessment.

The following psychoacoustic tasks were employed (see
also Fig. 1):

Steady tone tasks
1. Two-tone discrimination task (2TDT): Two constant-

frequency pure tones (PTs) were presented on each trial.
One of the tones was a 1-kHz PT, and the other had a
larger frequency value (i.e., higher in pitch). Participants
had to indicate the tone that was higher. The initial
frequency difference between the tones was 200 Hz.

2. Oddball paradigm task (OPT): A three-interval two-
alternative forced choice paradigm was employed. A
fixed reference PT of 1 kHz was followed by two other
tones, one of which was a repetition of the reference and
the other was higher in pitch. Participants had to indicate
which tone (second or third) was different from the
reference tone. The initial frequency difference between
the deviant stimulus and the other two stimuli was
200 Hz.
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Gliding tone tasks The stimuli in this part of the experiment
were PTs with a linear, unidirectional change of frequency
over time. The gliding tones were either ascending or de-
scending PT glides, 300 ms in length, with a center frequen-
cy of 1 kHz. The initial glide range was 200 Hz in both
assignments.

1. Glide detection task (GDT): Participants heard two PT
signals. One of them was a gliding tone, and the other
one was a 1-kHz steady tone. A two-alternative forced
choice task was employed, in which the participant was
asked to point to one of two auditory stimuli that was
changing in pitch (i.e., gliding). The slope of the gliding
tone was gradually reduced until the participant’s thresh-
old was reached.

2. Glide direction identification task (GDIT): Participants
heard one gliding tone on each trial. A one-interval two-
alternative forced choice task was employed, in which
the participants were asked to decide whether the gliding
tone was rising or falling in frequency. As in the previous
task, the slope of the gliding tone was gradually reduced
until the participant’s threshold was reached.

Vocal emotion recognition task All the stimuli for the vocal
emotion recognition (VER) task were recorded in a profes-
sional recording studio by four professional actors (two

female, and two male). A total of 966 stimuli were recorded.
Stimuli were equalized using the following procedure: The
root mean square (RMS) value of the samples in each sound
file was calculated. Subsequently, the sound file was normal-
ized to achieve an equal RMS value for all stimuli. All words
and sentences had no linguistic emotional content. The stim-
uli represented four basic emotions: happiness, sadness,
anger, and fear. The stimuli included nonsense monosyllabic
utterances, nonsense polysyllabic words, Hebrew words, and
Hebrew sentences. The inclusion of different stimulus types
in the VER task enabled a comprehensive evaluation of daily
prosody recognition abilities and an examination of associ-
ations between the perception of these distinct utterance
types and psychoacoustic abilities.

These stimuli were validated by a panel of 20 independent
judges, who were asked to choose the appropriate label for
each stimulus from five different emotional labels (see be-
low). The stimuli which were selected for the task received
an overall average recognition rate of 79.0% (SD = 15.9%),
demonstrating the reliability of the task. The battery included
stimuli that were unanimously recognized by the judges, as
well as others that were not recognized unanimously but
received at least 8/20 correct answers in this validation
process (p < .05, binomial test). The motivation for employing
stimuli that were not unanimously recognized by the judges
was to avoid a ceiling effect, thus enhancing the sensitivity of

Fig. 1 Illustration of the psychoacoustic tasks. a Oddball paradigm
task: A fixed reference tone was followed by two other tones. Partici-
pants were asked to indicate which tone was different from the reference
tone. b Two-tone discrimination task: Two constant frequency pure
tones were presented. Participants were asked to indicate the tone that

was higher in pitch. c Glide detection task: Participants were asked to
point to one of two auditory stimuli that was changing in pitch (gliding
vs. constant). d Glide direction identification task: Participants were
asked to decide whether a gliding tone was rising or falling in frequency
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the task. However, for each of the stimuli included in the final
selection, most votes out of the 20 were for the intended
emotion. This was monitored in order to avoid misleading
stimuli. For example, a stimulus in which 8 votes were for the
intended emotion and 9 or more for a single other emotion was
not included in the final selection. For the final VER task, 302
stimuli were chosen. These included 88 nonsense monosyllabic
utterances, 70 nonsense polysyllabic words, 80 Hebrew words,
and 64 Hebrew sentences. The Pearson correlation coefficient
between correct answer rates for these stimuli at the validation
and the experimental stages was r = .73 (p < .0001). This
demonstrates the reliability of the stimulus elimination process.

Participants were asked to decide which emotion was
conveyed by the actors. The possible choices were all the
emotions mentioned above, in addition to a “neutral” option
(for further discussion, see the Calculated Scores section).
The battery was divided into blocks, characterized by the
nature of the utterances (monosyllabic utterances, words,
etc.). The order of the blocks was randomized between
participants, as well as the order of the stimuli within the
blocks. After naming the emotion, participants also had to
rate the intensity of the emotion (except when “neutral” was
selected) on a scale of 1 (low intensity) to 3.

Focus perception task The FP task examined the sensitivity
of the participants to different locations of accented
(focused) words in a spoken phrase. The FP task employed
six Hebrew sentences, recorded by four actors in a profes-
sional recording studio. The sentences were recorded in
several different versions. In each version, a different word
in the sentence was accented, thus modifying the pragmatic
meaning of the phrase. Prior to the experimental process, the
recorded stimuli were validated by a panel of 19 judges, thus
ensuring that the location of the intended accentuation was
expressed reliably. All stimuli chosen for the task received
correct responses from at least 10/19 judges (p < .01 bino-
mial test). These stimuli received an overall average recog-
nition rate of 80.7% (SD = 9.5%), demonstrating the reliabil-
ity of the task. Each of the stimuli was played 5 times. The
stimuli were played in a randomized order. Participants had
to choose between four options describing the specific mean-
ing given to the sentence when different words were accented
or when no word was accented. It is important to note that the
listeners were not asked explicitly which word was stressed in
the phrase but were instructed to focus on the new acquired
meaning of the phrase in each recorded version. The purpose
of this task was therefore to measure the participants’ ability to
perceive an intention in a spoken utterance, rather than define
the acoustic attributes of that utterance.

For example, in the sentence “there are birds in the park,"
if the word "birds" was accented, producing the phrase "there
are birds in the park," the multiple choice answers were the
following:

1. There is no new information conveyed beyond the
meaning of the words (i.e., there is no accented word
in the sentence).

2. There are birds in the park, as opposed to "there are no
birds in the park."

3. There are birds in the park, as opposed to monkeys.
4. There are birds in the park, as opposed to the zoo.

In this case, the right answer would be answer 3.Although
all sentences had an accented word, the first option (“there is
no accented word in the sentence”) was supplied for cases in
which participants were insensitive to the existence of an
accent in the sentence. This option is similar to the neutral
option included in the VER task.

Acoustic properties of the speech stimuli

The f0 range and standard deviations (SDs) of the stimuli in
the VER task were measured, using Praat (Table 1). These
values were normalized to semitones. The SDwas normalized
to semitones using the average f0 of each actor as reference.

The f0 ranges and SDs of the stimuli in the FP task were
also measured, using Praat. The mean f0 range of these
stimuli was 12.28 semitones (SD=3.33 semitones). The de-
viation from the mean f0 of the sentences was measured for
the accented words, yielding an average deviation of 3.27
semitones. Figure 2 illustrates an example of two versions of
the same sentence, with different accented words. Both ex-
amples demonstrate a local peak in the f0 contour located on
the accented word.

Procedure

Participants were tested individually in a quiet room, where
background noise was assessed prior to the experiment with
a sound level meter, to ensure a quiet working environment
(below 40 dBA). All tasks were presented to the participants
binaurally with Sennheiser HD-201 headphones and a Line6
Ux1 external sound card. The order of the assignments was
modified between participants. Half of the participants were
first tested with the psychoacoustic tasks, followed by the
prosodic tasks. These participants were presented with the
following order of psychoacoustic tasks: the GDIT, the GDT,

Table 1 Acoustic properties of the emotional utterances, split by
emotions

Emotion Mean f0 Range (semitones) Mean SD (semitones)

Anger 9.00 2.63

Fear 7.86 2.17

Happiness 13.65 4.09

Sadness 11.02 2.92

Overall results 10.39 2.97
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and the 2TDT, followed by the OPT. The remaining half of
the participants were presented first with the prosodic tests
and then with the psychoacoustic tasks in reversed order.
Participants were allowed to take as many breaks as needed
between the various tasks. On average, participants needed
120 min to complete all tasks (including breaks).

Calculated scores

A total of six scores were obtained for each participant, as
follows:

1. The VER task score (in percent correct): the overall
percentage of correct responses in the VER task. Any
incorrect emotion labeling, including the “neutral” re-
sponses, were counted as errors. Since daily speech
communication involves a variety of utterance types
and emotions, this score is meant to provide an ecologic
measure of the participants’ overall VER.

2. The FP task score: This score represents the percentage
of correct responses in the task.

3. Four psychoacoustic thresholds: the thresholds were
log10-transformed.1

Results

Descriptive statistics

The group mean scores for each of the experimental tasks, as
well as ranges and standard deviations, are shown in Tables 2
and 3.

Vocal emotion recognition scores, with breakdown
into emotions

Table 4 illustrates the confusion matrix for the total recogni-
tion scores of specific emotions in the VER task. Average
scores range from 72% (recognition score for anger) to
86.5% (recognition score for fear). Recognition rates for all
emotions were well above the chance level of 20%.

Psychoacoustic threshold comparison

Paired-samples t-tests were conducted in order to compare the
values of the psychoacoustic thresholds. Differences between
thresholds were tested separately for the steady tone and
gliding tone tasks. A significant difference was found between
the two steady tone tasks. Thresholds for the OPT were
significantly lower than the thresholds for the 2TDT, t( 59) =

1 The employment of a logarithmic transformation was motivated by
both theoretical and practical considerations. From a theoretical stand-
point, this decision derives from the nature of pitch perception, which is
logarithmic in nature (Moore, 2003). The practical reason for
employing log transformation considerations is that the logarithmic
transformation helps to avoid a violation of the homoscedasticity as-
sumption of the parametric statistical tests, which is a result of extensive
variability of frequency discrimination thresholds, which increases with
their magnitude. It is important to note that the use of a logarithmic or
square-root transformation of frequency discrimination thresholds is
common practice in the psychoacoustic literature (Delhommeau,
Micheyl, & Jouvent, 2005; Demany & Semal, 2002; Irvine, Martin,
Klimkeit, & Smith, 2000; Micheyl, Delhommeau, Perrot, & Oxenham,
2006).

Fig. 2 The pitch contour of the Hebrew sentence “Li ein mezuman” (I don’t have cash money). a Accent on the last word in the sentence. b Accent
on the first word in the sentence. Both examples demonstrate a local peak in the pitch contour

Table 2 Mean scores, standard deviations, and ranges of the prosody
recognition tasks

Task M SD Range

Vocal emotion recognition
(percent correct)

79.07 7.41 60.60–92.05

Focus perception: score
(percent correct)

76.5 15.36 30.0–96.66
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3.242, p < .01. No significant difference was found between
the results of the two gliding tone tasks.

Bivariate correlations

Bivariate Pearson correlations were calculated between all
four psychoacoustic thresholds, and the scores obtained in
the VER task and the FP task. Bonferroni correction for
multiple correlations was applied, and the critical p values
were readjusted accordingly. Table 5 and Fig. 3 illustrate the
correlations between prosodic scores and psychoacoustic
thresholds. Psychoacoustic thresholds had a negative rela-
tionship with prosodic abilities, such that better psycho-
acoustic abilities corresponded to better prosodic abilities
(the negative correlation is due to the fact that lower thresh-
olds correspond to better abilities). Three psychoacoustic
thresholds correlated significantly with prosody recognition
scores (both pragmatic and affective). The correlation be-
tween the oddball paradigm scores and prosody recognition
scores was nonsignificant. The correlations between all psy-
choacoustic thresholds were significant. A significant corre-
lation was also found between the two prosody recognition
tasks.

Stepwise regressions

Psychoacoustic scores as predictors of vocal emotion
recognition A forward stepwise regression was performed
with all four psychoacoustic scores as predictors of VER
score (Table 6). The only two psychoacoustic scores to enter
the regression (in this order) were the 2TDT thresholds,

β = −.506, p < .001, and the GDIT thresholds, β = −.292, p
< .05. Together, these scores explain 31.0% of the variance in
the VER scores. It is worth mentioning that the psychoacous-
tic predictors of VER abilities that entered the regression
equation are those tasks in which the participants had to
identify the direction of a pitch change. Once these predic-
tors entered the analysis, the contribution of the remaining
pitch discrimination tasks became nonsignificant.

Psychoacoustic scores as predictors of focus perception A
stepwise regression was performed with all four psychoacous-
tic scores as predictors of the FP task scores (Table 7).The
only two psychoacoustic thresholds to enter the analysis were
the 2TDT threshold, β = −.399, p < .005, and the GDT
threshold, β = −.313, p < .05. Together, these thresholds
explain 38.7% of the variance in the FP task scores.

Experiment 2

Rationale

In the first experiment, a series of psychoacoustic tasks was
employed, in order to track down specific auditory abilities
that correlate with prosody recognition. In this experiment,
only one psychoacoustic threshold assessment was
performed for each task, due to the large number of psycho-
acoustic evaluations involved. The results of the first exper-
iment demonstrated a significant correlation between three
psychoacoustic thresholds and prosody perception. Linear
regression highlighted two of these psychoacoustic measures
as the most significant predictors of prosody perception. A
significant correlation was found between affective and
pragmatic prosody recognition, indicating that these abilities
may be supported by the same perceptual mechanism. There-
fore, it remained to examine whether the association between
psychoacoustic thresholds and affective prosody recognition
would be maintained when a multithreshold assessment pro-
cedure is employed. This was performed to ensure that the
results of the first experiment were not influenced by task-
specific factors and reflect a true association between audi-
tory perceptual abilities and prosody recognition.

Table 3 Mean scores, standard deviations, ranges, and log-transformed ranges of the psychoacoustic tasks (1000-Hz reference or center frequency
for all psychoacoustic tasks)

Task M SD Range Log10 Range

*Oddball paradigm (Hz) 9.43 10.29 1–63.50 0–1.8

*Two-tone discrimination (Hz) 27.04 43.84 0.75–200.00 −0.12–2.3

*Glide direction identification (Hz) 23.87 36.14 2.00–199 0.3–2.29

*Glide detection task (Hz) 20.28 20.15 4.50–122.25 0.65–2.08

Table 4 Confusion matrix for emotion recognition (%)

Identified Emotion Anger Happiness Fear Sadness Neutral
Portrayed Emotion

Anger 72 4.5 1 3.5 19

Happiness 3.5 81.5 2 0.5 12.5

Fear 0.5 2 86.5 10 1

Sadness 2.5 0.5 8 79.5 9.5
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Method

Participants

A new group of 37 participants (18 males and 19 females),
22–34 years of age (mean, 25.4, SD, 2.4), took part in this
experiment, with similar exclusion and inclusion criteria as
described in the first experiment.

Stimuli and tasks

Psychoacoustic tasks This experiment involved three tasks: a
VER score (identical to the task employed in Experiment 1)
and two psychoacoustic tasks: the 2TDTand the GDIT. These
were the psychoacoustic tasks that demonstrated the strongest
correlation with the VER scores in the first experiment. The
difference in the experimental protocol was that each thresh-
old assessment was repeated five consecutive times. Partici-
pants took a break of at least 2 min between assessments.

Results

Table 8 illustrates the group mean score and SD for each of
the experimental tasks.

Repeated measures ANOVA

A repeated measures ANOVA with a Greenhouse–Geisser
correction determined that mean thresholds for the 2TDT
differed significantly between assessments, F(3.16, 113.7) =
6.462, p < .001. Post hoc tests using the Bonferroni correction
revealed that the first assessment thresholds were significantly
higher (i.e., poorer) than the thresholds obtained in the second,
third, and fifth assessments. No significant difference was
found between the second, third, fourth, and fifth assessments.
The same procedure was employed in order to examine the
differences in thresholds for the GDIT. A repeated measures
ANOVA with a Greenhouse–Geisser correction determined
that the mean threshold for the GDIT differed significantly
between assessments, F(3.16, 123.2) = 11.645, p < .00001.
Post hoc tests using the Bonferroni correction revealed that, on
average, the first assessment threshold was significantly higher
(i.e., poorer) than the thresholds obtained in the second, third,
fourth, and fifth assessments. No significant difference was
found between the second, third, fourth, and fifth assessments.

Correlation between psychoacoustic thresholds and vocal
emotion recognition scores

Since there were no significant differences found be-
tween the last four assessments for both psychoacoustic

Table 5 Correlation between prosody recognition scores (in bold) and psychoacoustic thresholds (in italic)

VER FP OPT 2TDT GDT

FP .461**

OPT −.255 −.304

2TDT −.506*** −.561*** .537***

GDT −.391* −.519*** .416* .516***

GDIT −.490** −.439** .370 .601*** .581***

Note. VER, vocal emotion recognition; FP, focus perception; OPT, oddball paradigm task; 2TDT, two-tone discrimination task; GDT, glide detection
task; GDIT, glide direction identification task

. *Correlation is significant at the .05 level (Bonferroni adjustment for multiple correlations, critical p level = .0033)

**Correlation is significant at the .01 level (Bonferroni adjustment for multiple correlations, critical p level = .00066)

***Correlation is significant at the .001 level (Bonferroni adjustment for multiple correlations, critical p level = .000066)

Fig. 3 Vocal emotion recognition task score, plotted against psycho-
acoustic thresholds (thresholds presented on a log 10 scale, 1-kHz
reference tone for all tasks). a Two-tone discrimination task thresholds

(r = −.506, p < .001). b Glide direction identification task thresholds
(r = −.490, p < .001). c Glide detection task thresholds (r = −.391,
p < .01)
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tasks, the mean of these four assessments was used to
study the correlations between psychoacoustic thresholds
and VER scores.

A significant correlation was found between the thresh-
olds for both psychoacoustic tasks and the scores for the
VER task (r = −.472, p < .01, for the 2TDT, and r = −.384,
p < .05, for the GDIT). These correlation coefficients are
slightly lower than those obtained in the first experiment.
However, the Fisher Z calculation for correlation coefficient
comparison (Fisher, 1915) did not demonstrate a significant
difference between correlations in the first and the second
experiments, z = −.206, p = .83, implying a similarity be-
tween the results of both experiments.

Stepwise regression: Psychoacoustic scores as predictors
of vocal emotion recognition

A stepwise regression was performed with the two psycho-
acoustic scores (i.e., the mean of the last four measurements)
as predictors of VER. The only psychoacoustic score to enter
the analysis was the 2TDT threshold, which explained
22.2% of the variance in VER (Table 9).The GDIT thresh-
olds did not enter the regression equation, β = .024, p = .859.

General discussion

The present study was designed to investigate the associa-
tion between pitch discrimination abilities and the percep-
tion of prosody in speech. The results of the first experi-
ment demonstrated a significant positive association be-
tween psychoacoustic abilities and the perception of emo-
tional messages in speech, accounting for 31% of the
variance in VER. The second experiment, which involved
a multiple-threshold design, reaffirmed these results. The
associations were similar to those found in the first exper-
iment, albeit having smaller correlation values. This drop in
correlation values, although statistically insignificant, could
result from an improvement in psychoacoustic thresholds,
which is typically observed in multiassessment protocols
(e.g., Ari-Even Roth, Avrahami, Sabo, & Kishon-Rabin,
2004; Demany & Semal, 2002; Irvine et al., 2000). The
nature of this improvement is debatable. While some in-
vestigators have attributed the fast learning observed within
the first psychoacoustic assessments to procedural factors
(Karni & Bertini, 1997; Wright & Fitzgerald, 2001), others
have maintained that this rapid improvement in thresholds
is mainly due to perceptual factors (Hawkey, Amitay, &
Moore, 2004). Hence, it is not possible to determine, at this

Table 6 Linear regression with psychoacoustic thresholds as predictors of vocal emotion recognition

Model Predictor B SE β t R2 F change

1 (Constant) 85.770 1.716 49.974

2TDT −6.480 1.452 −.506*** −4.462 .256 19.914***

2 (Constant) 89.851 2.546 35.294

2TDT −4.229 1.765 −.330* −2.396

GDIT −5.542 2.613 −.292* −2.121 .310 4.497*

Note. 2TDT, two-tone discrimination task; GDIT, glide direction identification task

*p < .05

**p < .01

***p < .001

Table 7 Linear regression with psychoacoustic thresholds as predictors of focus perception

Model Predictor B SE β t R2 F change

1 (Constant) 91.905 3.413 26.927

2TDT −14.906 2.888 −.561*** −5.162 .315 26.644***

2 (Constant) 106.953 6.665 16.047

2TDT −10.612 3.217 −.399** −3.299

GDIT −16.398 6.337 −.313* −2.588 .387 6.696*

Note. 2TDT, two-tone discrimination task; GDIT, glide direction identification task

*p < .05

**p < .01

***p < .001
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point, whether the lower correlation values between psy-
choacoustic thresholds and prosody recognition obtained in
the second experiment derived from procedural related
factors, such as auditory attention, or from the fact that
the first thresholds represented raw auditory abilities,
which were a better reflection of the participants’ daily
auditory aptitudes and, therefore, correlated more with
prosody recognition.

Our results also demonstrate a positive association be-
tween psychoacoustic abilities and the perception of a
focused word in a spoken phrase, accounting for 38% of
the variance in the focus perception task scores. Addition-
ally, we found a positive association between VER and
the recognition of a focused word in a spoken sentence.
Furthermore, when the correlation between VER and fo-
cus perception scores was recomputed, controlling for
psychoacoustic abilities, it became nonsignificant. Taken
together, our results may point to the importance of pitch
perception as a mechanism supporting both pragmatic and
emotional processing of prosody.

Conventional evaluations of f0 differences in emotional
speech measure f0 range and SD. These measurements, which
were also performed in the second experiment, yield values
that are far beyond perceptual thresholds (e.g., Banziger &
Scherer, 2005; Hammerschmidt & Jurgens, 2007). The pres-
ent study, which focused on auditory perceptual abilities

involving small pitch differences, highlights the importance
of small pitch fluctuations to prosody recognition. Relatively
few studies have focused on the contribution of small pitch
changes to emotion recognition in voice in the last decades,
since the study of Lieberman andMichaels (1962). The results
of the present study suggest that reexamination of this issue
could enhance our understanding of emotional production and
perception. Three of the four tasks employed in the present
study required pitch direction naming (i.e., higher/lower
ascending/descending, gliding/nongliding), as well as pitch
discrimination. The fourth task (the OPT) required only pitch
discrimination. Results demonstrate that psychoacoustic
thresholds obtained in the three tasks requiring pitch direction
recognition correlated significantly with prosody recognition
scores, while no significant correlations were found with
thresholds obtained in the fourth task, which required only
pitch discrimination abilities. The ability to discriminate be-
tween two pitches does not necessarily ensure an equal ability
in pitch direction recognition. Previous studies have reported a
disparity between pitch discrimination abilities and pitch di-
rection recognition (Mathias, Micheyl, & Bailey, 2010; Semal
& Demany, 2006). These findings were replicated in the
second experiment, in which thresholds for the steady tone
task requiring only pitch discrimination were significantly
lower (i.e., better) than those obtained for the steady tone task
that also required pitch direction recognition. Moreover, pitch

Table 8 Mean score, standard deviation, and range for each of the experimental tasks

Task M SD Range Log10 Range

VER (% correct) 78.5 7.1 62.7–91.4 1.79–1.96

2TDT (Hz), 1 31.9 46.6 1.5–188.6 0.17–2.27

2TDT (Hz), 2 20.9 33.7 1–184 0–2.26

2TDT (Hz), 3 22.02 42.7 1.6–197 0.21–2.29

2TDT (Hz), 4 28.3 52.8 1.4–200 0.13–2.30

2TDT (Hz), 5 25.2 52.9 1–200 0–2.30

GDIT (Hz), 1 28.0 35.1 6.5–177.7 0.81–2.25

GDIT (Hz), 2 21.8 25.5 3.1–108.2 0.49–2.03

GDIT (Hz), 3 19.2 32.7 3.7–200 0.57–2.30

GDIT (Hz), 4 21.6 37.5 1.7–200 0.24–2.30

GDIT (Hz), 5 14.1 10.6 2.1–43.5 0.32–1.63

Note. 2TDT, two-tone discrimination task; GDIT, glide direction identification task

Table 9 Linear regression with psychoacoustic thresholds as predictors of VER

Model Predictor B SE β t R2 F change

1 (constant) 84.599 2.236 37.830

2TDT −6.373 2.014 −.472** −3.164 .222 10.014**

Note. VER, vocal emotion recognition; 2TDT, two-tone discrimination task

**p < .01
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direction recognition has been shown to involve different
brain regions than does pitch discrimination. A study
performed by Johnsrude, Penhune, and Zatorre (2000)
demonstrated that patients with right temporal lobe ex-
cision exhibit higher thresholds for pitch direction rec-
ognition than do controls, or patients with left temporal lobe
removals, while their thresholds for simple pitch discrimina-
tion are similar to those obtained by control participants
(Johnsrude, Penhune, & Zatorre, 2000). Additional support
is provided by the results of studies by Demany et al. (2009),
indicating the existence of specialized frequency shift direc-
tion detectors, enabling pitch direction detection, even in cases
in which the pitch of the reference tone is not consciously
perceived (Demany, Pressnitzer, & Semal, 2009). Taken to-
gether, these results imply that pitch discrimination and pitch
direction naming can be regarded as distinct abilities. Results
of the present experiment demonstrate that it is specifically
pitch direction recognition that can account for individual
differences in the perception of both pragmatic and affective
prosody.

In light of the findings obtained in the present study, it is
interesting to consider prior studies, which demonstrated
better abilities of musicians in identifying emotion in vocal
utterances (Thompson et al., 2004). These results may now
be partially explained by the fact that musicians demonstrat-
ed better pitch discrimination abilities (Kishon-Rabin et al.,
2001; Micheyl et al., 2006).

The present study employed exclusively pitch perception
aptitudes as predictors of prosodic perception. The decision
to use pitch perception as the representative psychoacoustic
ability was based on ample evidence demonstrating the
importance of pitch as a cue to pragmatic and affective
meaning (Amir et al., 2008; Hammerschmidt & Jurgens,
2007; Pell & Baum, 1997; Steinhauer, Alter, & Friederici,
1999). This decision is supported by our results, demonstrat-
ing a strong association between pitch perception and the
perception of prosodic messages in voice. However, prosod-
ic information in speech is also transmitted through acoustic
cues other than pitch, such as voice quality (Scherer, Ladd, &
Silverman, 1984), intensity (Hammerschmidt & Jurgens, 2007;
Sobin &Alpert, 1999), and the rate of speech (Hammerschmidt
& Jurgens, 2007). Therefore, it remains to be explored whether
psychoacoustic thresholds related to these acoustic parameters
can account for some of the additional, unexplained portion of
the variance in prosodic perception.

There could be significant future applications to the re-
sults of the present study. The most practical outcome of the
present study is the possibility that perceptual auditory learn-
ing may improve VER. If an improvement in auditory per-
ceptual abilities results in a corresponding improvement in
the perception of emotional prosody, a causal association
between the two could be substantiated. A closely related
direction of research could involve developmental studies,

examining the influence of perceptual auditory training on
the development of prosodic skills in children. Finally, our
paradigm may be useful in the investigation of the mecha-
nisms underlying the poor VER abilities found in various
neuropsychiatric disorders, such as autism (Golan, Baron
Cohen, Hill, & Rutherford, 2007) and schizophrenia (Mur-
phy & Cutting, 1990).

In summary, the present study presents evidence for the
association between psychoacoustic abilities and prosodic
perception, pragmatic and affective alike. Pitch direction
recognition abilities can predict 31% of the variance in vocal
emotion recognition abilities and 38% of the variance in the
scores for the recognition of a focused word in a sentence.
Emotional and pragmatic prosody recognition have been
found to correlate significantly, supporting a common per-
ceptual mechanism.
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