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Prosody and Semantics Are Separate but
Not Separable Channels in the Perception
of Emotional Speech: Test for Rating
of Emotions in Speech
Boaz M. Ben-David,a,b,c Namita Multani,b Vered Shakuf,a
Frank Rudzicz,b,c and Pascal H. H. M. van Lieshoutb,c,d,e,f

Purpose: Our aim is to explore the complex interplay of
prosody (tone of speech) and semantics (verbal content) in
the perception of discrete emotions in speech.
Method: We implement a novel tool, the Test for Rating
of Emotions in Speech. Eighty native English speakers
were presented with spoken sentences made of different
combinations of 5 discrete emotions (anger, fear, happiness,
sadness, and neutral) presented in prosody and semantics.
Listeners were asked to rate the sentence as a whole,
integrating both speech channels, or to focus on one channel
only (prosody or semantics).
Results: We observed supremacy of congruency, failure of
selective attention, and prosodic dominance. Supremacy of

T

he identification of emotions in speech is essential
to spoken communication. An impaired ability
to identify and describe emotions has been associated with lower quality of life (Joukamaa, Saarijärvi,
Muuriaisniemi, & Salokangas, 1996), significant feelings
of depression, and reduced relationship well-being (Carton,
Kessler, & Pape, 1999). In order to partake effectively in a
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congruency means that a sentence that presents the same
emotion in both speech channels was rated highest; failure
of selective attention means that listeners were unable to
selectively attend to one channel when instructed; and
prosodic dominance means that prosodic information plays a
larger role than semantics in processing emotional speech.
Conclusions: Emotional prosody and semantics are
separate but not separable channels, and it is difficult to
perceive one without the influence of the other. Our findings
indicate that the Test for Rating of Emotions in Speech
can reveal specific aspects in the processing of emotional
speech and may in the future prove useful for understanding
emotion-processing deficits in individuals with pathologies.

social dialogue, one has to understand the verbal expression
of emotions in both their semantics (lexical content of the
words) and prosody (tone of speech, i.e., rhythm, stress,
and intonation). The ability to decipher this complex interplay of prosody and semantics, and to selectively attend
to one or the other, is an essential element of daily communication (Mitchell & Ross, 2008).
Given its central role in adaptive social interactions,
a growing body of research focuses on the perception of
emotions in speech (Ben-David, van Lieshout, & Leszcz,
2011; Kotz & Paulmann, 2007; Paulmann, Pell, & Kotz,
2008; Pell, Paulmann, Dara, Alasseri, & Kotz, 2009; for
a review, see Juslin & Laukka, 2003). However, as Pell,
Jaywant, Monetta, and Kotz (2011) recently indicated,
“empirical data that inform the relative degree to which listeners harness prosody versus semantic cues, or information from both channels in combination, to activate and
retrieve emotional meanings during ongoing speech processing, are scarce” (p. 835). The current study presents a novel
comprehensive paradigm, the Test for Rating of Emotions
in Speech (T-RES), that examines the interplay between
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prosody and semantics and its impact on the perception of
emotions in spoken sentences.

Perception of Spoken Emotions
Difficulties identifying emotions in speech can arise
from failures in understanding the emotional meaning expressed in one of two speech channels, semantics (e.g., as in
people with brain injury; Cicero et al., 1999) or prosody
(e.g., as in older adults; Dupuis & Pichora-Fuller, 2010).
Isolated impairment of one channel may be linked to the
notion that different networks in the brain are activated
in the processing of prosody and semantics (Bowers, Bauer,
& Heilman, 1993; Ethofer et al., 2006; Grimshaw, Séguin,
& Godfrey, 2009; Mitchell, Elliott, Barry, Cruttenden, &
Woodruff, 2003; Wildgruber, Ackermann, Kreifelts, &
Ethofer, 2006). In the alternative, incorrect identification
may arise from a biased integration of the two sources, giving one speech channel a more dominant role than intended
by the speaker (Paulmann et al., 2008). Whether listeners
are more attuned to the prosody (prosodic dominance) or to
the semantics (semantic dominance) has thus far not been
conclusively answered, as described in the following sections.
Prosodic Dominance
An early foray into the interaction of semantics and
prosody by Mehrabian and Wiener (1967) supports prosodic dominance in the perception of emotions in speech.
Listeners were presented with positive, negative, and neutral
single words, spoken with positive, negative, and neutral
prosody, creating congruent combinations (e.g., negative
words spoken with negative prosody), incongruent combinations (e.g., negative words spoken with positive prosody),
and neutral combinations (e.g., negative words spoken with
a neutral prosody). Emotional ratings were affected by both
speech channels. However, when listeners were asked to
attend to both, prosody had a larger impact than semantics.
Similar results were obtained when listeners were asked to
focus on one channel only.
Over the 45 years since that study, there is only scant
evidence that directly supports prosodic dominance in
spoken emotions. However, several recent studies have
demonstrated the impact of prosody on the processing and
interpretation of affective spoken language. For example,
Jacob, Brück, Plewnia, and Wildgruber (2014; see also
Morton & Trehub, 2001) showed that listeners rely on prosody to disambiguate the emotional message of an incongruent combination of semantics and prosody in spoken
words. Nygaard and Lunders (2002) found that prosodic
cues help resolve the ambiguity of the semantics of single
spoken words (using homophones, e.g., die–dye). Prosody
has also been found to speed up naming responses to spoken
words, suggesting that it is processed even when listeners
are attending to semantics (Nygaard & Queen, 2008). A
recent study by Roche, Petters, and Dale (2014) provides
more indirect support for prosodic dominance. Despite
large talker variability, listeners were able to identify and
categorize the talkers’ intent on the basis of only prosodic
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information. On the converse, other research suggests semantic dominance in the perception of emotions in speech,
as discussed next.
Semantic Dominance
A series of studies by Kitayama, Ishii, and their colleagues (Ishii, Reyes, & Kitayama, 2003; Kitayama & Ishii,
2002) highlights the primacy of semantics in Western cultures.
In a paradigm similar to that of Mehrabian and Wiener’s
original study (1967), spoken words with incongruent semantics and prosody slowed down prosodic categorization
(as compared to categorization of congruent combinations)
to a larger extent than semantic categorization. In other
words, it was more difficult for listeners to ignore the irrelevant information presented in the semantic domain (when
asked to focus on the prosody) than to ignore the prosody
(when asked to focus on the semantics). The authors concluded that members of Western cultures (the majority of
participants in published studies, as well as the population
tested in the current study; Jones, 2010) are “attentionally
biased toward verbal content” (Ishii et al., 2003, p. 44).
Other studies examining emotional (Kotz & Paulmann,
2007; Paulmann & Kotz, 2008) and nonemotional (Astésano,
Besson, & Alter, 2004) prosody and semantics have shown
similar results—the rating of prosody was affected by the
semantics to a larger extent than vice versa.
Integration of Semantic and Prosodic Content in Speech
There is clearly no conclusive evidence on the dominance of semantics versus prosody in speech. In contrast,
there is ample evidence of the supremacy of congruency.
That is, congruent combinations of semantics and prosody
are processed faster, with greater accuracy, and yield higher
ratings than neutral or conflicting ones (Beaucousin et al.,
2007; Mitchell, 2006; Nygaard & Queen, 2008; Wurm,
Vakoch, Strasser, Calin-Jageman, & Ross, 2001). For example, in Mehrabian and Wiener’s original study (1967), the
highest ratings of positivity were recorded when both prosody and semantics were positive. In a similar vein, Ishii
et al. (2003) reported faster categorization responses for
congruent combinations than for incongruent ones. This effect was maintained regardless of whether listeners were
asked to focus on the prosody or on the semantics. The difference between congruent and incongruent combinations
is further supported by neuroimaging studies, suggesting that
congruent combinations of semantics and prosody (redundancy of information) are processed earlier (Paulmann, Jessen,
& Kotz, 2009) and in a different manner than incongruent
ones (Wambacq & Jerger, 2004; Wittfoth et al., 2010).
This supremacy of congruency could arise from the
advantage of presenting the same information in both channels (for a discussion, see Ben-David & Algom, 2009).
An examination of the data presented by Ishii et al. (2003,
Table 6, p. 44) shows more accurate and faster identification responses when the same emotion is presented in both
channels than when it is presented only in one channel, for
both Westerners and members of Asian cultures. On the
other hand, Pell and colleagues (Pell et al., 2011; Schwartz
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& Pell, 2012) have shown that simple redundancy may not
be the only factor in explaining the advantage of congruency. They found that the effect of priming of emotions
(the impact of a passive exposure to spoken emotions on
performance in a following task—categorizing emotional
facial expression) was not increased by presenting the
primed emotion in both channels rather than in only one.
One possible reason for this inconsistency may be related
to the use of different methodologies, as highlighted in the
following section.

Assessment of Spoken Emotions
Often, the assessment of the respective roles of prosody and semantics in the perception of emotions in speech
has been conducted with spoken single words, using two
discrete emotions (one positive and one negative). For example, Ishii et al. (2003) presented listeners with pleasant ( pretty)
and unpleasant (sore) words spoken in two vocal tones (harsh
and constricted or smooth and round). Listeners were asked
to judge the words as pleasant or unpleasant on the basis of
the prosody or the meaning. Natural speech clearly utilizes
longer utterances than single words, as well as a wider variety of emotions (cf. Paulmann & Pell, 2011). Indeed, current research conducted in the field uses full utterances (e.g.,
Kotz, Dengler, & Wittfoth, 2015; Schwartz & Pell, 2012).
Therefore, our focus will be on paradigms that use complete
sentences rather than single words.
There are several paradigms for the assessment of
processing of emotions in spoken sentences. Two commonly
used tools are the Florida Affect Battery (FAB; Bowers,
Blonder, & Heilman, 1999) and the Diagnostic Analysis of
Nonverbal Accuracy, Version 2 (DANVA2; Nowicki &
Duke, 1994). The FAB measures the processing of emotions
in facial and prosodic domains under various task demands.
With respect to semantics, there are only congruent and
incongruent combinations of semantics and prosody. The
DANVA2 was designed as a screening tool, to help identify individuals who have trouble understanding nonverbal
emotional information. It measures individual differences
in the ability to decipher cues such as facial expression, posture, gesture, and prosody across four emotions (anger,
happy, fear, and sad), using a single emotionally ambiguous
lexical sentence.
Both the FAB and DANVA2 are highly valuable for
examining nonverbal abilities to process emotion, but they
are somewhat limited in their ability to reveal the full complexity of the interaction of emotions conveyed in both
semantics and prosody as used in everyday speech. To
our knowledge, the sentences used in these tests were not
equated for their linguistic characteristics, such as average
word frequency and number of syllables, across the emotional categories. These characteristics have been found to
affect the time course of cognitive processes in following
spoken language, as shown in the visual word paradigm
(Ben-David, Nguyen, & van Lieshout, 2011; Tanenhaus,
Magnuson, Dahan, & Chambers, 2000). Moreover, the FAB
and DANVA2 present unequal combinations of emotions

conveyed by the prosodic and semantic channels, resulting in
different set sizes of emotions presented on each channel. For
example, the FAB presents two different prosodies, whereas
semantics vary across more than two discrete emotions.
Psychophysical analysis indicates that this type of unequal
stimuli combination can create a bias in responses (Melara
& Algom, 2003). In addition, both tests lack baseline-neutral
combinations (e.g., a semantically neutral sentence spoken
with emotional prosodies) to gauge performance on one channel with limited interference from the other.
As a final point, these two standard tests use a forcedchoice categorization response, where the listener is asked
to choose which of the predefined emotions best describes
the utterance. This restrictive mode of response simplifies
analysis and use. However, it provides a limited vantage
point, because no information can be obtained on the options rejected by the listener. For example, in a forced-choice
paradigm the listener may respond sad to semantically angry
sentences spoken with sad prosody. No information is
available on the listener’s perception of anger. Apart from
these two tools, various studies have generated their own
sets of spoken sentences (e.g., Pell, Monetta, Paulmann, &
Kotz, 2009).

The Current Study
The goal of the current study is to explore the complex interplay of prosody and semantics in the perception of
discrete emotions in spoken sentences using a novel tool, the
Test for Rating of Emotions in Speech (T-RES). This tool
was designed to complement existing tools using a rating
scale rather than a forced-choice paradigm. For the T-RES,
we created a new set of validated spoken sentences, equated
for linguistic characteristics, that present an equal number
of discrete emotions (anger, fear, sad, happy, and neutral) for
each of the two speech channels (Ben-David, Thayapararajah,
& van Lieshout, 2013; Ben-David, van Lieshout, & Leszcz,
2011). The T-RES is composed of several subtests, measuring
the extent to which each channel (prosody and semantics)
affects the rating of the other and how the two combine to
generate a perception of emotions in spoken language.
Data were collected from a sample of 80 young adults to
provide important reference values, and results were examined in light of the prosodic and semantic dominance hypotheses, specifically focusing on the mechanism underlying
the supremacy for congruent spoken sentences.
To sum, the aim of this study is to validate and test
the efficacy of a new tool: the T-RES. We implement this
novel tool to explore the processes underlying emotional
speech perception addressing three main questions: (a) Selective attention: Can listeners completely ignore one of the
speech channels and selectively attend to the other? (b) Channel dominance: Which of the two speech channels, prosody
(the tone of voice) or semantics (the lexical content of the
words), plays a larger role in the decoding of emotions
in speech? (c) Supremacy of congruency: Are congruent
spoken sentences, which present the same emotion in both
speech channels, rated higher on emotional scales than
Ben-David et al.: Test for Rating of Emotions in Speech ( T-RES)
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any other combination? In general, across the themes, we
will discuss the nature of the relationship between the two
channels and how they integrate to generate the perception
of emotional speech.

Method
Participants
Eighty young adults (52 female, 28 male; M = 19.1 years,
SD = 1.4), all undergraduates at the University of Toronto
Mississauga, participated in this study. They received either
a course credit or $10 per hour for their participation. All
participants were native English speakers, as assessed by
a self-report and a minimum score of 9/20 on the Mill Hill
Vocabulary Scale (Raven, 1965)—corresponding to typical
vocabulary levels of native English speakers (Ben-David,
Nguyen, & van Lieshout, 2011; Ben-David & Schneider,
2010; Ben-David, Tse, & Schneider, 2012; Ben-David, van
Lieshout, & Leszcz, 2011)—with a mean score of 12.4/20
(SD = 2.1/20). A random half of the participants also completed the vocabulary test of the Wechsler Adult Intelligence
Scale–Fourth Edition (Wechsler, 2008) and achieved an
average score of 41.7/60 (SD = 6.8/60), again representing
typical vocabulary levels for native English speakers in their
age range (M = 36.0/60, SD = 12.7/60; Ardila, 2007). A selfreport questionnaire was used to ensure that all participants
had good health and no history of speech, language, or hearing problems. All participants had pure-tone air-conduction
thresholds within clinically normal limits for their age group,
from 0.25 to 3 kHz for both ears (≤20 dB HL).

Stimuli and Apparatus
The semantic (lexical) stimuli consisted of 50 sentences,
with 10 corresponding to each of the following semantic
categories: anger, fear, happy, sad, and neutral. The four
emotional categories were chosen because they are commonly
used in the literature (for a review, see Zupan, Neumann,
Babbage, & Willer, 2009) and have been found to be easily
recognized and distinguished in both prosody and semantics
(Breitenstein, Daum, & Ackermann, 1998; Laukka, 2003;
Scherer, 2003; Scherer, Banse, & Wallbott, 2001). In a previous study conducted in our lab (Ben-David, van Lieshout,
& Leszcz, 2011), these sentences were found to be reliably
associated with a discrete semantic category (see Table A1
in Appendix A). These sentences were also matched on
the linguistic characteristics of their content words across
the five semantic categories (frequency of usage in English,
phonologic neighborhood density, and number of syllables;
see Table A2 in Appendix A).
In a follow-up study (Ben-David, Thayapararajah, &
van Lieshout, 2013), these semantic sentences were recorded
by a trained professional female actor, a native (Canadian)
English speaker, using a sampling rate of 24414 Hz. Each
sentence was recorded three times in each of the five different
prosodies (anger, fear, happy, sad, and neutral) to generate
a set of 750 recorded sentences. Digital audio files were
equated with respect to their root-mean-square amplitude.
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From these spoken sentences, a subset of 50 spoken sentences was selected on the basis of the perceived high quality
of prosodic information. Next, after the recorded sentences
were delexicalized by digital acoustic filters, they were further validated as good representations of their intended emotional category as presented by the prosody without the
impact of their semantic content (for details, see Ben-David,
Thayapararajah, & van Lieshout, 2013). A complete description of the stimuli, their linguistic characteristics (equated
across emotional categories), and their associated testing and
validation (ensuring they present a discrete emotion in both
semantics and prosody) is provided in our prior work (semantics: Ben-David, van Lieshout, & Leszcz, 2011; prosody:
Ben-David, Thayapararajah, & van Lieshout, 2013).
Two subsets of 25 spoken sentences were taken from
this resource. Each set consisted of five sentences in each of
the five discrete categories—anger, fear, happiness, sadness,
and neutral—such that no semantic content was repeated.
In a single set, each emotional semantic category is represented once in each of the tested emotional prosodies, generating a 5 × 5 (semantics × prosody) matrix, as presented
in Table 1. However, we deemed spoken sentences that
carry neutral information in both semantics and prosody to
be uninformative, especially because the experimental task
involves rating of emotion. To save time and to reduce confusion, we removed these sentences, leaving a final set of
48 spoken sentences (24 in each subset) that all present emotional information in at least one channel.

Procedure
Participants were tested individually, in a soundattenuating booth and seated in front of a 17-in. flat color
monitor, wearing a headset. An experimental session consisted of three rating tasks—General-rating, Semantics-rating,
and Prosody-rating—separated by short breaks. Each rating
task was made up of four emotion-rating blocks—anger-rating,
fear-rating, sadness-rating, and happiness-rating—comprising
12 experimental blocks per session. In each block, participants were asked to listen to a spoken sentence and rate how
much they agreed that the speaker conveyed a predefined
emotion, using a 6-point Likert scale ranging from strongly
disagree (1) to strongly agree (6)—for example, “How much
do you agree that the speaker is _____?” (angry, fearful,
sad, or happy). The participants responded by pressing the
respective number key (1–6) on a standard PC keyboard.
Each block consisted of 48 trials, making for 576 trials per
session. An emotion-rating block began with the presentation of an instruction slide, followed by two practice trials.
Practice trials were followed by a reminder of the instructions, and experimental trials were initiated by the participant. No feedback was provided throughout the practice and
experimental trials, because the T-RES gauges the listener’s
subjective perception of emotion (i.e., there are no “right”
or “wrong” answers).
In the General-rating task (Set 1 in Table 1), listeners
were asked to imagine that they were listening to a person over the phone (thus eliminating visual cues) and rate
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Table 1. The 24 sentences for the General-rating task (Set 1) and 24 sentences for the Semantics- and Prosody-rating tasks (Set 2).
Lexical
content

Prosody
Anger

Fear

Anger

1. You over-charged me for that.
2. This is infuriating.

Fear

1. I can hear footsteps in the
night.
2. I can hear a sharp scream
from behind.
1. I’m going to a funeral.
2. This song makes me cry.

1. Stop what you’re doing and
listen to me.
2. Go to hell.
1. Watch out for that tiger.
2. Run for your life.

Sad
Ben-David et al.: Test for Rating of Emotions in Speech ( T-RES)

Happy

1. Congratulations, you’re hired.
2. This is my favorite part.

Neutral

1. He stands on the deck.
2. Digital clocks are common.

1. Gray clouds make me feel
gloomy.
2. This scene makes him feel
blue.
1. Good job, the crowd really
loves you.
2. I got promoted in my job.
1. Lots of bins are in the room.
2. A bag is in the room.

Sad

Happy

Neutral

1. Quiet, this is a library.
2. Get out of my room.

1. Don’t waste my time.
2. I am very angry.

1. Do not push your luck.
2. I’m sick of you being late.

1. I can’t see the bear but I can
hear it.
2. I smell the gas leaking from
the stove.
1. This is a sad moment.
2. I am so lonely.

1. The fire is spreading to the
gas pipe.
2. Look out there’s a car coming.

1. It’s about to explode.
2. He has a knife.

1. I’ve been crying all day.
2. My best friend is moving away.

1. The weather is depressing.
2. My pet died today.

1. Great, you got first place.
2. This is the happiest day of
my life.
1. Four drawers are in the
cabinet.
2. This is a garbage can.

1. I won an award.
2. This food tastes very good.

1. It’s a beautiful day outside.
2. I feel wonderful today.

1. Red pipes are metallic.
2. Our body is made of water.

Note. Table from Ben-David, Thayapararajah, and van Lieshout (2013). Copyright © Taylor & Francis LLC. Reprinted with permission of Taylor & Francis LLC (http://www.tandfonline.com);
non-exclusive English rights only.
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the emotion expressed by the speaker, on the basis of the
spoken sentence as a whole. In the Semantics-rating task
(Set 2 in Table 1), listeners were asked to rate exclusively
the emotion conveyed by the semantic content, ignoring the
prosody of the spoken sentence. In the Prosody-rating task,
the same set of sentences as in the Semantics-rating task
was presented (Set 2), but listeners were asked to attend
exclusively to the prosody, ignoring the semantic content of
the utterance. For example, consider the semantically happy
sentence “I feel wonderful today” spoken with an angry
prosody. In the General-rating task, participants were asked
to rate the spoken sentence without specific instructions to
attend to one speech channel or the other. In the Semanticsrating task, they were asked to specifically attend to the
(happy) content of the utterance; in the Prosody-rating task,
the (angry) prosodic content.
To control for a possible effect of presentation order,
three methods were utilized. First, the order of the trials
in each block was pseudorandomized, ensuring that no
emotion was presented in the same channel (prosody or
semantics) more than twice in a row. Second, in each task
the order of the four emotion-rating blocks was counterbalanced across participants using a Latin-square procedure
(Grant, 1948) but maintained across all three rating tasks
for an individual participant. As a final point, each experimental session started with the General-rating task, to
prevent biasing the listeners to pay attention to a specific
channel. For a randomly selected half of the participants,
this was followed by the Semantics-rating task and then
the Prosody-rating task. For the other half, this order was
reversed. The latter two counterbalancing procedures required the use of eight experimental groups (10 participants
per group), as illustrated in Table 2.

Tested Measures
We define two variables for the analysis: Rating of
Attended Channel (RAC) and Rating of Ignored Channel
(RIC). RAC measures the influence of the attended channel
on rating. In particular, it indicates whether listeners accurately identify the emotion presented in the attended channel.
Channel dominance, prosodic or semantic, will be manifested in larger RAC scores for the dominant channel. RIC

measures the extent to which listeners can selectively ignore
the emotional information presented in the to-be-ignored
channel while rating the target channel. To be specific, if
listeners can process speech channels separately and independently, RIC should be zero. If listeners are processing
spoken emotions in an integrative manner, RIC should be
larger than zero.
As a formal matter, RAC is calculated as the difference between the average ratings of sentences that present
the rated emotion in the attended channel versus sentences
that do not present the rated emotion in the attended channel. The variable RACprosody measures the extent to which
listeners identify the emotion conveyed in the prosody,
whereas RACsemantics measures the extent to which listeners
can identify semantics. In general,
RACprosodyx ¼

!
!
!
!
1X
prosodyx rating!!prosodyx −
prosodyx rating!!prosodyy
3 y

ð1Þ

RACsemanticsx ¼

!
!
!
!
1X
semanticsx rating!!semanticsx −
semanticsx rating!!semanticsy ;
3 y
ð2Þ

where x represents one of the four rated emotions (anger,
fear, sad, or happy) and y represents the other three emotions that are not x. For example, in the Semantics-rating
task, if x represents anger, y represents the sum of the
scores for fear, sad, and happy semantics.
In contrast, RIC measures the difference between average ratings of sentences that present the rated emotion in
the to-be-ignored channel and sentences that do not present
the rated emotion in either channel:
RICprosodyx ¼

Table 2. The order of emotion-rating blocks.

!
!
!
!
1X
semanticsx rating!!prosodyy
semanticsx rating!!prosodyx −
3 y

Number of
participants

RICsemanticsx ¼

20
20
20
20

ð3Þ

Order of emotion-rating blocks
Anger
Fear
Happy
Sad

Sad
Anger
Fear
Happy

Fear
Happy
Sad
Anger

Happy
Sad
Anger
Fear

Note. This order was preserved in all the three tasks (General-,
Prosody-, and Semantics-rating tasks). For all participants, the
General-rating task was presented first. For half of the participants
in each order, this was followed by the Semantics-rating task and
then the Prosody-rating task; for the other half, the Prosody-rating
task was presented second and the Semantics-rating task last.
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!
!
!
!
1X
prosodyx rating!!semanticsx −
prosodyx rating!!semanticsy :
3 y
ð4Þ

If listeners are able to selectively ignore prosody, RICprosody = 0;
and if they are able to ignore semantics, RICsemantics = 0.
On the other hand, when RIC > 0, RICprosody measures the
extent to which listeners fail to selectively ignore the prosody,
whereas RICsemantics measures the extent to which listeners
fail to selectively ignore the semantics.
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Statistical Analysis

Prosody- and Semantics-Rating Tasks

All of the following analyses were made of omnibus
repeated measures analyses of variance (ANOVAs), with
average rating as the dependent variable and rated emotion
(anger, fear, sad, or happy) as a within-participant variable, as
well as one or two other tested within-participant variables as
specified in each test. ANOVAs also included two betweenparticipant variables of order: order of rated emotion and
order of target channel. Because none of the order variables
was found to yield any significant effect (F < 1), they will not
be further discussed. These tests were conducted separately for
baseline sentences, conveying an emotion in only one channel
(and held neutral on the other), and for emotional sentences,
conveying emotions in both channels (not necessarily the
same one). This procedure was implemented to avoid a scaling bias in statistical analyses, because baseline sentences
received substantially lower ratings than emotional ones.

Results

Baseline Sentences
RAC. Baseline sentences were examined to verify that
listeners could correctly identify the rated emotion in the
target channel when no other emotion was expressed in the
to-be-ignored channel. For example, for baseline RACprosody,
Figure 1B (anger-prosody rating) shows that a semantically
neutral sentence with angry prosody was rated substantially
higher on expressing a prosody of anger (5.8) than the average ratings obtained for semantically neutral sentences
spoken with fear, sad, and happy prosodies (1.5, 1.8, and 1.4;
M = 1.6; RACprosody = 4.2). Indeed, the omnibus ANOVA
of baseline sentences’ ratings shows a main effect of RAC
(M = 4.01), F(1, 72) = 2,961, p < .001. The effect size
of RAC is strong, ηp2 = .976. There was no main effect for
target channel (F < 1) and no significant interaction of
the two.
In sum, it is clear that listeners were able to identify
the emotions presented in baseline spoken sentences, both
in the prosody and in the semantics. The lack of an interaction indicates that listeners were equally good at identifying emotions in both channels.
RIC. Here we measure the extent of failures in selective attention as reflected in ratings of baseline sentences.
Figure 1J (happy-semantics rating) shows an example for
baseline RICprosody measuring the ability to ignore the (happy)
prosody. In particular, it compares a neutral-semantics,
happy-prosody sentence (3.4) with the average ratings of
neutral-semantics sentences carrying anger, fear, and sad
prosody (2.4, 1.8, 2.2; M = 2.1). Because none of these sentences presents happy semantics, their happy-semantics
ratings should not differ. In other words, if listeners can selectively ignore the prosody, then RICprosody = 0. In this
example (happy-semantics rating), RICprosody = 1.3, indicating that listeners were not able to ignore the happy prosody when asked to focus on the semantics. However, in
equivalent baseline happy-prosody ratings (Figure 1K) this
was not the case, and RICsemantics = 0, suggesting that listeners were able to selectively ignore the happy semantics
when rating the prosody.
The analysis of RIC in baseline sentences shows that
listeners were generally unable to inhibit the information
presented in the to-be-ignored channel, F(1, 72) = 86.7,
p < .001, ηp2 = .55 (RIC = 0.41). As seen in the foregoing
examples, these failures of selective attention were more
extensive when listeners were asked to ignore the prosody
(RICprosody) than when they were asked to ignore the semantics (RICsemantics), showing a significant RIC × Target
Channel interaction, F(1, 72) = 52.95, p < .001, ηp2 = .42
(RICprosody = 0.75 vs. RICsemantics = 0.08). These results
indicate that it was more difficult to inhibit the prosodic
information than the semantics, providing support for the
prosodic-dominance hypothesis.

The 12 panels of Figure 1 present the average ratings
of each combination of channels in all four emotion-rating
blocks, separately for the three rating tasks (Semantics-,
Prosody-, and General-rating tasks).

Emotional Sentences
Figure 2 provides a graphic representation of the averages for ratings of emotional sentences in the three tasks,

Prosody- and Semantics-Rating Tasks
In the Prosody-rating and Semantics-rating tasks, we
conducted the ANOVA with the following tested variables:
target channel (attending to the semantics or the prosody)
and RAC. This was paralleled with an ANOVA using target
channel and RIC as the tested variables.
General-Rating Task
Baseline sentences. For baseline sentences, we compared ratings of the rated emotion when it was presented in
the prosody or the semantics. To that end, the tested variables were channel (whether the rated emotion was presented
in the semantics or the prosody) and RAC (comparing the
first and second components of Equations 1 or 2).
Emotional sentences. For emotional sentences, we tested
semantic and prosodic dominance directly, as well as the influence of congruency. As a first step, we used channel combination as the tested variable, comparing four combinations:
(a) rated emotion appears in both channels, (b) rated emotion appears in the prosody channel, (c) rated emotion
appears in the semantics channel, and (d) rated emotion is
absent from either channel. The second step included six
planned post hoc (Bonferroni-corrected) ANOVA tests of
each possible pairing of the four channel combinations.
Emotional versus baseline sentences: Congruency supremacy. As discussed in the introduction, the supremacy
of congruency can be attributed to the advantage of presenting the same information in both channels, as reflected
in a redundancy source. To test this source separately for
prosody and semantics, separate ANOVAs were used, examining whether congruent emotional sentences were rated
higher than all other sentences.

Ben-David et al.: Test for Rating of Emotions in Speech ( T-RES)
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Figure 1. Average ratings on a 6-point Likert scale for all participants (N = 80) of each combination of channels in all four emotion-rating blocks,
separately for the three rating tasks (Semantics-, Prosody-, and General-rating tasks). Columns present the different emotional prosodies, and
rows present the different emotional semantics. Cells are shaded to facilitate interpretation, with different shades of gray varying from a filled
(black) cell, indicating the maximum score of 6 (highest agreement that the spoken sentence conveyed the rated emotion), to a blank (white) cell,
indicating the minimum score of 1 (lowest agreement). Cells representing sentences that carry the rated emotion in either the prosody (column)
or the semantics (row) are indicated in italics. Finally, baseline spoken sentences (sentences that carry a neutral content in one channel) are
separated from emotional spoken sentences (sentences that carry emotional content in both channels).

General-rating (Figure 2A), Prosody-rating (Figure 2B),
and Semantics-rating (Figure 2C).
RIC. Here we examine the extent of failures in selective attention when both the target channel and the to-beignored channel carry emotional content. As a first step,
we confirmed that listeners rated congruent emotional sentences (where the rated emotion is presented in both channels)
differently than sentences that conveyed the rated emotion
in only the target channel. For example, in Figure 1A we
compared anger-semantics ratings of a sentence that presents
anger in both channels (anger semantics spoken with anger
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prosody: 5.9) with the average anger-semantics ratings of
sentences that present anger in the semantics with a different
prosodic emotion (anger semantics with fear, sad, and happy
prosodies: 5.7, 4.8, 5.7; M = 5.4). For anger, RICprosody =
0.5. Again, if listeners were able to completely ignore the
prosody, RICprosody should be equal to 0. In a similar vein,
one can observe anger RICsemantics = 0.4 for anger-prosody
rating (Figure 1B). For a graphic representation of anger
RICprosody (indicating failure to selectively ignore the prosody), turn to the leftmost bars in Figure 2C (the difference
between the black and the light-gray bars), and for anger
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Figure 2. Graphic description of ratings of emotional sentences in
the General-rating (Panel A), Prosody-rating (Panel B), and Semanticsrating (Panel C) tasks, for the four emotion-rating tasks. Black bars
represent average ratings of congruent trials (the rated emotion
appears in both channels); dark-gray bars, prosody trials (the rated
emotion appears only in the prosody); light-gray bars, semantics
trials (the rated emotion appears only in the semantics); and white
bars, rated-emotion-absent trials (the rated emotion does not
appear in either the semantics or the prosody).

There was no significant difference between RICsemantic and
RICprosody ratings, F(1, 72) = 1.6, p = .2. The main effect
of RIC can thus be interpreted as evidence supporting the
supremacy of congruency. That is, congruent sentences that
present the rated emotion in both speech channels were
rated higher than incongruent sentences that carried the
rated emotion in only the target channel and another emotion in the to-be-ignored channel.
As the second step, we tested the impact of the to-beignored channel on sentences that did not present the rated
emotion in the target channel. For example, in Figure 1A
(anger-semantics rating), anger RICprosody is the difference
between the average ratings of sentences that present anger
in only the prosody (with fear, sad, and happy semantics:
2.5, 2.1, 1.5; M = 2.0) and sentences that do not present
anger in either dimension (fear, sad, and happy semantics
with a fear, sad, or happy prosody: 2.0, 2.2, 2.0, 1.5, 2.0,
2.8, 1.1, 1.2, 1.1; M = 1.8; RICprosody = 0.2). Because none
of these sentences present anger semantics, their angersemantics ratings should not differ (RICprosody = 0). For a
graphic representation, examine the leftmost bars of Figure 2: For RICprosody, see Figure 2C (the difference between
the dark-gray and the white bars); for RICsemantics, Figure 2B (the difference between the light-gray and the white
bars).
The ANOVA shows significant failures of selective
attention, across target channels, F(1, 72) = 109.7, p < .001,
ηp2 = .60 (RIC = 0.38). Notably, prosodic dominance is
indicated, with larger failures of selective attention when the
listeners were asked to ignore the prosody (RICprosody = 0.48)
than the semantics (RICsemantics = 0.28), F(1, 72) = 12.6,
p < .001, ηp2 = .15.

General-Rating Task
This section compares the relative impact of the information conveyed in the prosody and in the semantics,
when listeners are asked to attend to both channels simultaneously and rate each sentence as a whole. The data are
presented in the leftmost column of Figure 1 and graphically
in Figure 2A.

RICsemantics (indicating failure to selectively ignore the
semantics), the leftmost bars in Figure 2B (the difference
between the black and the dark-gray bars).
In the ANOVA, a significant failure of selective attention
is evident, F(1, 72) = 148.3, p < .001, ηp2 = .67 (RIC = 0.53).

Baseline Sentences
RAC. We compared the role of prosody and semantics
in ratings of baseline sentences. In particular, we compared
RACprosody with RACsemantics when the other channel
conveyed neutral content. For example, in Figure 1C (general anger ratings), baseline anger RACprosody is the difference between the ratings of a semantically neutral sentence
with angry prosody (5.8) and the average ratings of semantically neutral sentences with fear, sad, and happy prosodies
(1.8, 2.7, 1.1; M = 1.8; RACprosody = 4.0). Baseline anger
RACsemantics is the difference between a semantically angry
sentence with neutral prosody (2.0) and the average of semantically fear, sad, and happy sentences with neutral prosody (1.7, 1.8, 1.9; M = 1.8; RACsemantics = 0.2). In this
example with the anger emotion, there is clear evidence supporting prosodic dominance (RACprosody > RACsemantics).
Ben-David et al.: Test for Rating of Emotions in Speech ( T-RES)
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The overall ANOVA echoes this example. A main
effect of RAC was observed, F(1, 72) = 1,247.4, p < .001,
ηp2 = .95 (RAC = 1.9), alongside a main effect of channel,
F(1,72) = 400.4, p < .001, ηp2 = .85. The two effects interacted significantly, F(1, 72) = 446.2, p < .001, ηp2 = .86, with
RACprosody = 3.3 almost 7 times as large as RACsemantics =
0.5. In other words, prosodic emotional information had a
substantially larger impact than semantics on ratings.
Emotional Sentences
Prosodic advantage and channel integration. In this
section, we directly compare prosodic and semantic dominance and confirm congruency supremacy when listeners
are asked to rate emotional sentences as a whole. For example, for general anger rating in Figure 1C, we found that
congruent anger ratings (5.4) were greater than the average
ratings of anger-prosody sentences (M = 4.9), which were
in turn greater than the average ratings of anger-semantics
sentences (M = 2.4), followed up by the average ratings
of sentences that did not present anger in either channel
(M = 1.8). For a graphical representation, this is the gradient
observed in the leftmost bars of Figure 2A, with the black,
dark-gray, light-gray, and white bars.
Thus it appears that for general anger ratings, we see
both the supremacy of congruency and prosodic dominance.
In the overall ANOVA, we compared the four channel
combinations: congruent trials (the rated emotion appears
in both channels), prosody trials (the rated emotion appears
in only the prosody), semantics trials (the rated emotion
appears in only the semantics), and the rated-emotionabsent trials (the rated emotion does not appear in either
the semantics or the prosody). We found these four combinations to differ significantly, F(3, 216) = 724.5, p < .001,
ηp2 = .91.
In a series of post hoc analyses, the following results
were obtained: (a) supremacy of congruency: Sentences
that present the rated emotion in both channels were rated
higher than sentences that present that emotion in only the
prosody (5.5 vs. 4.4), F(1, 72) = 172.6, p < . 001, ηp2 = .71;
(b) prosodic dominance: Listeners were influenced by
the prosodic information to a larger extent than by the semantic information (4.4 vs. 2.7), F(1, 72) = 196.9, p < . 001,
ηp2 = .73; and (c) semantic information has a significant
impact on rating (2.7 vs. 1.8 for semantics and rated-emotionabsent trials), F(1, 72) = 244.8, p < . 001, ηp2 = .77. In other
words, in the General-rating task, listeners derived emotional information from the prosody and the semantics, but
prosodic emotional information had a substantially larger
impact on their emotional ratings.
Congruency supremacy: Redundancy of information.
Here we examine directly the role of redundancy of information (two compatible sources rather than one source of
information) in the supremacy of congruency when listeners
are asked to rate the sentence as a whole. For example, turn
to the general happiness rating (Figure 1L). For prosody,
we compare the congruent happy sentence (5.7) with the
baseline happy-prosody sentence (5.5). For semantics, we
compare the same congruent happy sentence (5.7) with the
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baseline happy-semantics sentence (1.8). In other words,
when the rated emotion appears in one channel (and the
other channel is neutral), to what extent does adding the
same emotion in the other channel increase ratings?
In the ANOVA for prosody, there was a small but
significant effect of Redundancy (5.5 vs. 5.2 for congruent
and prosody baseline trials), F(1, 72) = 17.5, p < .001,
ηp2 = .18. For semantics, there was a markedly large effect
of Redundancy (5.5 vs. 2.3), F(1, 72) = 756.6, p < .001,
ηp2 = .91. In sum, this analysis further supports the theory
of prosodic dominance. When the rated emotion is presented
in the prosody, adding the same emotion in the semantics
has a mild redundancy effect. However, when the rated
emotion is presented only in the semantics, adding the same
emotion in the prosody introduces a large redundancy effect
(ηp2 = .18 vs. .91).

Discrete-Emotion Analysis
In all of the ANOVAs so far described, the rated
emotion (anger, fear, sad, or happy) was a within-participant
variable (as indicated in the Statistical Analysis subsection
earlier). In the majority of these analyses, we found the rated
emotion to interact with the main tested effect (for each test).
In a series of post hoc ANOVAs, one for each of the rated
emotions, we found that the rated emotion had an impact
on only the extent of the tested effects, but it did not change
the general trend.
For example, examine Figure 2A, graphically describing general ratings for emotional sentences on the four
rated emotions. For all rated emotions, the same gradient is
demonstrated, from congruent trials (black bars) to prosody
trials (dark gray) to semantics trials (light gray) to ratedemotion-absent trials (white). Figure 2A shows that rated
emotions have an impact merely on the extent of this trend,
with sad ratings presenting the largest effect for prosody
and fear ratings presenting the largest effect for semantics.
This is supported by the post hoc tests: (a) Supremacy of
congruency (congruent trials being rated higher than prosody
trials) was significant for all rated emotions, F(1, 72) > 13,
p < . 001, except sad (not significant after Bonferroni correction), with the largest effect for happy ratings (5.3 vs 3.7);
(b) prosodic dominance (prosody trials being rated higher
than semantics trials) was significant for all rated emotions, F(1, 72) > 106, p < . 001, except fear, with the largest
effect for sad ratings (5.2 vs. 2.6); and (c) semantic impact
(semantics trials being rated higher than rated-emotionabsent trials) was significant for all four rated emotions,
F(1, 72) > 17, p < . 001, with the highest effect for fear
ratings (4.0 vs. 1.7).
In Appendix B we present the full discrete-emotion
analysis for all of the tests conducted in this study. The
results across all analyses are very clear—in each test, the
general effect is observed in almost all rated emotions,
but several changes between emotions can be found. The
most notable changes are that the impact of prosody is
the highest for sad ratings, and the impact of semantics is
the highest for fear ratings.
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Correlation
Table 3 shows that scores on the General-rating task
are highly similar to scores on the Prosody-rating task. That
is, when listeners are asked to focus on the prosody, their
ratings are not dissimilar from when they are asked to rate
the spoken sentence as a whole. To measure this directly,
we compared the correlations of ratings between the Generalrating task and the other two tasks.
First, we calculated Pearson correlation coefficients for
each of the combinations of semantics and prosody (16 excluding baseline sentences) and for the four emotional rating
blocks separately (64 correlations for Prosody- vs. Generalrating and 64 for Semantics- vs. General-rating tasks). In
other words, across each row in Figure 1, we calculated the
correlation coefficients for their respective cells. Next, we
averaged these correlation coefficients across the 16 combinations, for each emotional rating block. These averaged
coefficients are presented in Table 3 for each of the emotional rating scales. All Pearson correlation coefficients are
significantly different from chance at p < .01. Across rated
emotions, scores on the General-rating task correlated more
strongly with prosodic ratings than with semantic ratings,
especially when the rated emotions were anger and happy.
These correlations support a prosodic dominance in rating
of spoken emotions, as found in the previous analyses.

General Discussion
The aim of this study was to explore the complex interplay of prosody and semantics in the perception of discrete emotions in spoken sentences using a novel tool, the
T-RES. Eighty native English-speaking listeners were asked
to rate well-controlled spoken sentences on emotional
scales, relating to the prosody, the semantics, or the combination of the two. Our findings highlight the following
main trends: (a) supremacy of congruency—a sentence that
presents an emotion in both channels was rated highest
on its emotional scale; (b) failure of selective attention—
when instructed, listeners were not able to selectively attend
to one channel while completely ignoring the other; and
(c) prosodic dominance—in rating an emotion in speech,
prosodic information plays a larger role than semantics.

Efficacy of the T-RES
This study presents the T-RES, a novel test designed to
expose the full complexity of the interaction of the two speech
Table 3. Average correlation coefficients between ratings on the
General-rating task and the Semantics- and Prosody-rating tasks
across each of the four nonneutral emotions.

Emotion
Anger
Fear
Happy
Sad

General- versus
Semantics-rating

General- versus
Prosody-rating

.16
.25
.13
.18

.30
.33
.22
.20

channels, semantics and prosody. In the T-RES, listeners are
presented with spoken sentences that carry emotions in the
semantics, prosody, or both, and asked to rate them on three
tasks. In the Prosody- and Semantics-rating tasks, listeners
are asked to selectively attend to only one channel (prosody
or semantics), ignoring the other. In the General-rating
task, listeners rate the sentence as a whole, using the information in both channels. The T-RES complements the arsenal of tools currently available (FAB, DANVA2) and other
more recent tools (Pell, Monetta, et al., 2009) that are very
useful for measuring individual variance but less effective at
revealing the integration between semantic and prosodic
channels. The stimuli used were found to be distinctive in
conveying their corresponding emotions, equated on main
linguistic characteristics (Ben-David, Thayapararajah, &
van Lieshout, 2013; Ben-David, van Lieshout, & Leszcz,
2011), and presented in a design that avoids a set-size and
covariate bias (Algom, Chajut, & Lev, 2004; Melara & Algom,
2003). Moreover, the T-RES is unique in using a rating
task rather than forced choice. These methodological features were found to be fruitful in providing an in-depth
understanding of the processes underlying the perception
of emotions in speech, as discussed in the next sections.
Some validation of the tool comes from the analysis
of baseline sentences, presenting an emotional content in
one channel while the other is held neutral. The ability of
listeners to successfully identify the emotion conveyed by
the semantics or by the prosody was gauged by the RAC
measure (rating of attended channel). Baseline RAC was
significant and high for both prosody and semantics. These
results show that it was very easy for listeners to identify
the emotion presented in one channel when no possible interference was presented in the other. A closer inspection of
the results of the General-rating task shows similar results.
Sentences that carry the rated emotion in at least one channel were rated higher than sentences that do not carry that
emotion in either channel. This was true even in examining incongruent emotional trials that present the rated emotion in one channel but a different emotion in the other
channel. Taken together, the results indicate that the emotions as presented in the T-RES are easily recognized by
participants. We have tested this paradigm with other groups
of participants that vary in age and language background (see,
e.g., Ben-David, Multani, Durham, Green, & van Lieshout,
2014; Ben-David, Multani, Shakuf, & van Lieshout, 2013;
Shakuf & Ben-David, 2014). Its administration is simple, and
participant debriefing shows that the paradigm was clear
and easy to follow.

Failure of Selective Attention
Our results show that listeners were not able to selectively attend to one channel and ignore the other. When
they were specifically instructed to focus on and rate only
one channel, the information in the to-be-ignored channel
still had a significant effect on their ratings. This was indicated in highly significant RIC scores in the Prosody- and
Semantics-rating tasks with emotional sentences, and even
Ben-David et al.: Test for Rating of Emotions in Speech ( T-RES)
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when the target channel was held neutral in baseline sentences. It appears that listeners regarded neutral prosody
and neutral semantics as carrying a modicum of the emotion
conveyed in the to-be-ignored channel. For example, the
semantically neutral sentence “Red pipes are metallic” was
rated as moderately semantically happy when it was spoken
with a happy prosody. This general failure of selective attention is in line with the evidence found in the literature. In
the introduction, we discussed studies that presented single
spoken words and asked listeners to focus on only one speech
channel, ignoring the other (Ishii et al., 2003; Kitayama &
Ishii, 2002; Mehrabian & Wiener, 1967). Taking these studies
together, they show significant failures of selective attention to semantics or prosody. Our study adds a significant
extension to these findings, following current trends in the
literature and also showing evidence for failures in selective
attention in spoken sentences.
Further support for our findings comes from studies
indicating that the meaning of emotional prosody and semantics is processed even when it is task irrelevant. For instance, evidence from auditory versions of the emotional
Stroop task demonstrate the effect of negative prosody and
semantics (Bertels, Kolinsky, Pietrons, & Morais, 2011;
Egloff & Schmukle, 2004) on performance when it is irrelevant to the task. In a similar vein, emotional prosody (regardless of its specific emotional meaning) has been found
to speed up the identification of semantically congruent
emotional words (Wurm et al., 2001) even when listeners
were asked to focus solely on the semantics. It is notable
that these studies found failures of selective attention only
when one channel (semantics or prosody) was held constant
throughout the experimental block (e.g., all sentences carried anger semantics), which may generate a context effect
or expectations (Kitayama, 1996). Our data add to the literature by demonstrating the robust impact of spoken emotions, with failures of selective attention recorded even
when the emotional meaning of the to-be-ignored channels
and attended varied from trial to trial.
A possible theoretical framework for these results is
provided by Craik and Lockhart (1972). Their classic levels of
processing theory describes a gradient of processing, starting
from the basic physical attributes, followed by the nominal
level (where the name is processed), to the level of meaning as
the highest level of processing (for a discussion on a “flexible”
hierarchy of processing, see Craik, 2002). Adopting this
model, the failures of selective attention in our data indicate
processing of the to-be-ignored dimension—meaning. As a
final point, failures of selective attention were more pronounced when listeners were asked to ignore the information
conveyed in the prosodic domain than in the semantics one.
This hints toward prosodic dominance, as discussed next.

Prosodic Dominance
Across all analyses, there is overwhelming evidence
to show that prosodic information plays a much larger role
than semantics in processing emotion in speech. This can
be demonstrated by ratings of baseline sentences in the
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General-rating task. Neutral-semantics sentences spoken with
emotional prosody were rated much higher than emotionalsemantics sentences spoken with a neutral prosody (5.3 vs.
2.3). It is notable that the average of 5.3 indicates very high
agreement that baseline sentences convey the prosodic emotion (on a 1–6 Likert scale), whereas the 2.3 average score
does not convey the same agreement with semantics. In other
words, to express a specific emotion in speech, it is sufficient
to add an emotional prosody to neutral semantics. To a large
extent, this is confirmed in Table 3, which demonstrates the
high similarity of General-rating scores to Prosody-rating
scores. However, adding emotional semantics to neutral
prosody does only a little to express a specific emotion. Examining general ratings of emotionally incongruent sentences
replicates these results—prosody was rated much higher
than semantics (4.4 vs. 2.7). The same conclusion can be
drawn from the analysis of the Prosody- and Semanticsrating tasks. Failures of selective attention were significant
for both channels, but they were much more substantial
when listeners had to ignore the prosodic information.
This asymmetry of emotional speech channels may be
related to the arbitrariness of sound-to-meaning allocation
in semantics (Brown, 1973), where any pattern of sound can
refer to any kind of discrete emotional meaning. However,
prosodic physical attributes are more strongly associated
with emotions. For example, listeners speaking different languages coming from nine countries (in Europe, Asia, and
North America) were able to infer emotion from prosodic
emotional speech segments spoken by German actors (Scherer
et al., 2001), even though they did not speak the language.
These and other studies support universal inference rules
for emotional prosodic information. Indeed, in a review of
emotional speech synthesis, Schröder (2001) concluded that
“prosody rules are at the heart of automatically generated
emotional expressivity” (p. 562).
The prosodic dominance indicated in the current study
stands somewhat in contrast with Ishii and Kitayama’s findings. In their studies, semantics played a larger role than
prosody in the processing of spoken emotion for members of
Western cultures (Ishii et al., 2003; Kitayama & Ishii, 2002).
It is possible that the reason for this difference stems from
the items used in our study and the outcome measure tested.
Whereas Kitayama and Ishii tested latency for emotional
categorization, our dependent measure was the extent of
emotional ratings. Perhaps it is easier and quicker to identify
semantics, engendering faster latencies, but prosody carries
a higher value in the overall rating of the emotion for a
given utterance. Moreover, prosodic indicators may be more
difficult to derive from single-word utterances (for the time
course of prosody detection, see Kotz & Paulmann, 2007;
Paulmann & Kotz, 2008). In the T-RES we used spoken sentences rather than the single words used by Kitayama and
Ishii. These issues should be addressed in future studies.

Supremacy of Congruency
Across all our analyses and tasks, another common finding emerges—a clear advantage for congruent combinations
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of semantics and prosody. In selective-attention tasks, congruent spoken sentences received the highest ratings, even
when the listener was explicitly asked to ignore the irrelevant
channel. In a similar fashion, when listeners were asked to
attend to both channels in the General-rating task, congruent sentences received the highest ratings. These findings are
in line with existing literature on the perception of emotions
in speech, demonstrating faster processing of congruent
combinations as well as greater accuracy and higher ratings
(Beaucousin et al., 2007; Mitchell, 2006; Nygaard & Queen,
2008; Wurm et al., 2001). Data from studies also confirm
the special role of congruency, showing a unique brain signature (Kotz & Paulmann, 2007; Paulmann et al., 2009;
Paulmann & Kotz, 2008).
A notable feature of our paradigm is the inclusion of
baseline sentences. These emotion-neutral combinations
provide a unique perspective on the possible sources of the
supremacy of congruency. Congruent combinations entail a
redundancy of information—one channel has enough information to elicit the emotional rating, yet the redundancy of
information improves ratings. However, redundancy by itself has not always been found to engender an advantage
(Pell et al., 2011). The supremacy of congruency may also
arise from the lack of interference from the conflicting
channel, as occurs in incongruent combinations (for a discussion, see Ben-David & Algom, 2009). On a further examination of the data in the General-rating task, we can
find some evidence for this latter assumption. On average,
incongruent sentences that present the rated emotion on
one channel and a different emotion on the other were rated
lower than baseline sentences, F(1, 78) = 6.2, p < .05, ηp2 =
.07. In other words, incongruence by itself has a small but
significant impact on emotional ratings.
Our findings correspond with Garner’s theory on selective attention to attributes of multidimensional stimuli. In
a seminal work, Garner and Felfoldy (1970), distinguished
between two types of stimulus dimensions: integral dimensions (i.e., dimensions that are perceived united and cannot
be perceived without the other) and separable dimensions
(i.e., dimensions that are perceived as unrelated and are easily pulled apart from one another; see a discussion in Melara
& Algom, 2003). Integral dimensions are indicated by a facilitation caused by redundancy of information and failures
of selective attention (even if only for one dimension; see
Ben-David & Schneider, 2009, 2010). They are usually taken
to have some common meaning or hidden relationship (e.g.,
Stroop or Gestalt). Separable dimensions, on the other hand,
are indicated by no advantage for redundancy or toll for
incongruence. These dimensions share no common meaning
(e.g., color and shape—a green triangle and a blue square).
Introducing this terminology to our study, the two emotional speech channels can be taken as integral dimensions.
The two are perceived as one and cannot be pulled apart,
even when the listeners are specifically asked to do so.
Discrete-Emotion Effects
Examining the discrete emotions separately, we observe the same general effects (in almost all cases), namely

supremacy of congruency, failures of selective attention,
and prosodic dominance. This suggests that the effects are
not emotion specific but may represent a general quality
of perception of emotions in spoken language. The rated
emotion was found to yield a difference in the extent of the
tested variables, where sad ratings present the largest effect
for prosody and fear ratings present the largest effect for semantics. In particular, turn back to Figure 2A, graphically
presenting general ratings of emotional sentences. We note
a gradient of the effect of prosody (dark-gray bars)—sad
(5.2) to anger (4.9) to fear (4.0) to happy (3.9)—and of the
effect of semantics (light-gray bars)—fear (3.7) to sad (2.6)
to anger (2.4) to happy (2.0). It is interesting that a highly
similar gradient is noted in Paulmann and Pell’s study
(2011, Figure 3). They found the hit-rate gradient for correct identification of emotions presented in the prosody and
in the semantics to decline from sad to anger to happy.
One cannot discount the option that the gradient found
in the current study may merely reflect the quality of the semantic content of the sentences and the prosody as produced
by the actress. However, as indicated in our previous studies (Ben-David, van Lieshout, & Leszcz, 2011; Ben-David,
Thayapararajah, & van Lieshout, 2013) both the semantics
and the prosody of these spoken sentences were tested extensively and found to be good representatives of their emotional categories. Indeed, note the high ratings when listeners
were asked to focus solely on one channel (Figure 2B, darkgray bars, and 2C, light-gray bars). Moreover, the gradient
noted in our data bears a resemblance to Paulmann and
Pell’s data. Our data thus echoes their conclusion that “some
emotions are recognized systematically better … during
emotional communication” (2011, p. 200). As a final point,
a recent study by Roche et al. (2014) also found variability
in processing of different spoken emotions (in prosody).

Caveat and Future Studies
The novel paradigm presented in this study has noted
limitations. First, the T-RES uses neutral prosody for a baseline condition. We acknowledge that no prosody can be
considered completely emotionless (Vingerhoets, Berckmoes,
& Stroobant, 2003), but both behavioral (Pell et al., 2011)
and neuroimaging data (Schirmer & Kotz, 2006) support
the claim that neutrality is different from other emotional
meaning. Second, T-RES stimuli are recorded by a trained
professional actress, rather than using natural emotional
scenes. Despite the artificial nature of this condition, it provides better control over the variability in the acoustics of
the recorded material and yields a more intense and prototypical expression of the specific emotion. This controlled
condition adheres to a standard procedure in the literature
(Mitchell, 2006). It may be especially relevant for testing
specific populations, reducing variability in stimuli with
participants who are characterized by high variability in
their performance due to variations in sensory and/or cognitive changes (e.g., older adults: Ben-David & Schneider,
2009; people with Alzheimer’s disease: Ben-David, Tewari,
Shakuf, & van Lieshout, 2014; people with traumatic
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brain injury: Ben-David, Nguyen, & van Lieshout, 2011).
Third, as noted by Kitayama and Ishii (Ishii et al., 2003;
Kitayama & Ishii, 2002), the perception of emotions in
speech may be culturally bound. In that case, future studies
should examine the validity of our main conclusions when
testing other English-speaking cultures and other languages
and cultures entirely (see Icht & Ben-David, 2014, 2015).
Fourth, to allow for a fine-grained analysis of the data, the
experimental procedure takes about 1 hr. To facilitate the
process and adapt it to clinical and experimental use with
other populations, a shortened version of the paradigm
might prove useful; this is currently being investigated in
our lab. As a final point, difficulties in identification of
emotions in speech (see Bagby, Parker, & Taylor, 1994)
present a challenge for many clinical populations and lead
to social isolation and depression (Honkalampi, Hintikka,
Tanskanen, Lehtonen, & Viinamäki, 2000). For example,
in traumatic brain injury, these difficulties have been found
to be highly related to a reduced quality of life (Henry,
Phillips, Crawford, Theodorou, & Summers, 2006). These
findings led the authors to conclude that locating the potential sources of these problems in patients is an “urgent priority.” We hope that the T-RES can be used to augment
existing tools and assist in discerning between the possible
sources of difficulties in identification of emotions in spoken
language in various populations.

Summary and Implications
The current study presents a novel tool, the T-RES, for
testing the identification of emotions in spoken language.
With 80 healthy young North American English–speaking
undergraduate-student participants, our results support
the validity of the tool in assessing the complex interplay
between the prosodic and semantic channels of speech and
their impact on rating of emotions. Our analyses lead to
three main conclusions: (a) supremacy of congruency—
presenting the same emotion in both the prosodic and semantic channels inflates its emotional value; (b) prosody
and semantics are integral, and it is difficult to perceive
one without the influence of the other; and (c) prosodic
dominance—prosody has a larger impact on emotional rating of speech than semantics. We believe that these conclusions can be used in both clinical and experimental settings
to improve communication techniques. We hope that this
novel tool in future research may provide a path to better
understanding of the difficulties in processing of emotional
speech with populations with pathologies.
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Appendix A
Table A1. Means (and SDs) of ratings of the semantics of the 50 sentences used in our study, on four emotional scales, by a group of native
English speakers.
Ratings on emotional scales

Emotional
categories

N

Anger

Fear

Happiness

Sadness

Anger
Fear
Happiness
Sadness
Neutral

10
10
10
10
10

5.3 (0.3)
2.2 (0.3)
1.1 (0.1)
2.0 (0.3)
1.3 (0.1)

1.9 (0.2)
5.5 (0.2)
1.2 (0.1)
2.1 (0.3)
1.3 (0.1)

1.4 (0.2)
1.5 (0.2)
5.6 (0.2)
1.3 (0.2)
2.2 (0.1)

2.1 (0.4)
1.8 (0.3)
1.2 (0.1)
5.4 (0.2)
1.3 (0.1)

Note. Participants were asked to read the printed sentences. Ratings were on a 6-point Likert scale, ranging from 1 (completely disagree that
the sentence conveys the relevant emotion) to 6 (completely agree). Boldface data cells present average ratings of affective sentences on their
corresponding emotional scales. Table from Ben-David, Thayapararajah, and van Lieshout (2013). Copyright © Taylor & Francis LLC. Reprinted
with permission of Taylor & Francis LLC (http://www.tandfonline.com); non-exclusive English rights only.

Table A2. Means (and SDs) of linguistic characteristics of the 50 sentences used in our study.
Linguistic characteristics

Semantic
categories

N

Number of syllables

Frequency (HAL)

Phonologic neighborhood

Anger
Fear
Happiness
Sadness
Neutral

10
10
10
10
10

6.30 (1.9)
7.00 (2.0)
7.00 (1.4)
6.50 (1.3)
6.70 (0.9)

10.55 (1.8)
10.06 (1.4)
10.14 (1.9)
10.06 (1.4)
10.03 (1.1)

14.45 (12.4)
14.48 (10.5)
9.03 (3.4)
11.36 (8.6)
13.64 (5.8)

Note. HAL = Hyperspace Analogue to Language (Lund & Burgess, 1996). Linguistic characteristics are taken from the English Lexicon Project
database (Balota et al., 2007). Table from Ben-David, Thayapararajah, and van Lieshout (2013). Copyright © Taylor & Francis LLC. Reprinted
with permission of Taylor & Francis LLC (http://www.tandfonline.com); non-exclusive English rights only.
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Appendix B
Effects for Discrete Emotions
Semantics- and Prosody-Rating Tasks

RAC in Baseline Sentences

We found a Rated Emotion (anger, fear, sad, happy) × RAC interaction, F(3, 216) = 21.86, p < .001, ηp2 = .23. Separate
post hoc ANOVAs (Bonferroni corrected) for each rated emotion show that the main effect of RAC was significant for all four
rated emotions, F(1, 72) > 1,210 , all ps < .0001, but to a different degree, with the largest effect for happiness ratings (4.4) and
the lowest for fear ratings (3.8).

RIC in Baseline Sentences

We note a triple Rated Emotion (anger, fear, sad, happy) × RIC × Target Channel interaction, F(3, 77) = 10.6, p < .001,
ηp2 = .29. In all four post hoc tests, for each rated emotion, we found the same trend, with nominally larger RIC when the listener
was asked to ignore the prosody. However, the Target Channel × RIC interaction was only significant (after Bonferroni correction)
for two rated emotions: happy, F(1, 72) = 53.3, p < .001, ηp2 = .43, and fear, F(1, 72) = 39.28, p < .001, ηp2 = .35.

RIC in Emotional Sentences

The failure of selective attention to the target channel interacted with the rated emotion, F(3, 216) = 28.38, p < .001,
ηp2 = .28. In post hoc tests (one for each rated emotion), we found a significant effect of RIC for all rated emotions, F(1, 72) =
53.3, p < .001, ηp2 = .43, except happy (the effect was not significant after Bonferroni correction), F(1, 72) = 4.2.
General-Rating Task

RAC in Baseline Sentences

The prosodic dominance indicated in the general analysis was found to interact with the rated emotion, F(3, 70) = 22.34,
p < .001, ηp2 = .49. The four post hoc tests indicate that the RAC × Target Channel interaction was significant for all rated emotions, F(1, 72) > 110, all ps < .001, but varied in extent, with the most extreme difference for anger ratings (RACprosody = 4.0 vs.
RACsemantics = 0.2) and the least extreme for sad ratings (RACprosody = 3.2 vs. RACsemantics = 1.1). (For prosodic advantage
and dimensional integration in emotional sentences, see the Discrete-Emotion Analysis section.)

Congruency Supremacy: Redundancy of Information

In the general ANOVA for prosody and for semantics, we found a Rated Emotion × Redundancy interaction—prosody:
F(3, 70) = 17.04, p < .001, ηp2 = .42; semantics: F(3, 70) = 24.36, p < .001, ηp2 = .51. For prosody (where congruent combinations
rated higher than semantically neutral sentences with the rated emotion in the prosody), examining the four rated emotions
separately, we find the supremacy of congruency significant for happy and fear ratings, F(1, 72) > 18.3, p < .001, but not for
sad ratings, F < 1 (same direction), or anger ratings, F(1, 72) = 12.2, p = .001 (opposite direction, with anger prosody rated 0.3
higher than congruent sentences). For semantics, the supremacy of congruency was found in all four rated emotions, F(1, 72) >
83, p = .001, with the largest effect for happy ratings (3.9).
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