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Abstract

The dynamic between speaker intent and listener perception
is played out in the variation of acoustical cues by the speaker
that must be interpreted by the listener to determine in an
appropriate way. Emotion speech research must rely on ei-
ther acted intent (i.e., an actor attempting to express an emo-
tion) or listener perception (i.e., listening tests to assign emo-
tional categories to non-acted data) to define ground truth la-
bels for analysis. The emotion labels are described either us-
ing emotion dimension or emotion category. This study ex-
amines the two emotion characterization strategies dimen-
sion and category in communication of emotion embedded
in speech as expressed through acted intent and the percep-
tion of emotion determined by a group of listeners. The re-
sults reveal that, without context information, intended emo-
tion categories could be perceived by listeners with the av-
eraged accuracy rate five times of chance in category. Also,
the trend of listener ratings between emotion dimensions (va-
lence/arousal) and emotional word categories was shown to
be well correlated. Furthermore, while listeners confused the
specific identity of certain emotional expressions, they were
generally very accurate at identifying the intended affective
space of the actor as determined by intended valence and
arousal.

Introduction
Emotion is an essential part of everyday communication be-
tween the speaker and listener. Listeners use their percep-
tion of the intended emotion of a speaker to gauge what
response (if any) is warranted given the specific informa-
tion that has been communicated. This is a critical compo-
nent of social interaction as a misinterpretation of emotion
on the part of the listener could lead to an inappropriate
or unnecessary response. A significant challenge for emo-
tional research is in finding appropriate emotional labels to
represent ground truth. One labeling method is to use the
intended emotion as determined by the speaker as the ba-
sis for ground truth (Busso, Sungbok, and Narayanan 2009;
Barra-Chicote et al. 2010; Sun, Moore, and Torres 2009) .
In one sense, this method of labeling represents the ground
truth for the speaker’s intent, but may not represent a
ground truth for the perception by a group of listeners.
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Alternatively, other researchers evaluate emotional speech
through the use of listening tests where subjects are asked to
evaluate a group of utterances to determine the emotional
ground truth (Grimm et al. 2007; Sun and Moore 2011a;
2011b). However, in this case, the ground truth provided is
representative of the listener’s ground truth and not neces-
sarily the speaker’s intent.

Another challenge of emotion research exists in describ-
ing and modeling emotion labels. The two most promi-
nent means of emotion characterization have relied on ei-
ther a discrete lexicon of emotional words or a dimensional
scale for estimating levels of affect generated by a speech.
The discrete lexicon of emotional words convey specific
meanings and intent with the most commonly studied being
“happy”, “sad”, “angry”, “disgust”, “surprise” and “fear”.
The advantage of this framework for analysis is that it helps
to establish a controlled vocabulary for creating objective
assessments. However, research literature does not always
agree on a set lexicon of emotional words with there being
hundreds of potential emotional labels that can be assigned
to a particular human experience. This lack of agreement
has produced conflicting research results and difficulties in
comparing one set of research results to another given dif-
ferences in emotion labeling strategies (Cowie et al. 2001).
An alternative method of modeling emotion is based on us-
ing a dimensional scale. The dimensional approach assumes
that humans are in a perpetual affective state that can be
represented mainly along two dimensions: (1) Valence. A
dimension that represents the degree to which a particular
stimulus is viewed as being pleasant or unpleasant (i.e., pos-
itive or negative). Valence may also be referred to as Eval-
uation. (2) Arousal. A dimension that represents the degree
of activity that is generated by a particular stimulus. It re-
lates to the intensity of an emotional experience and may
range from energized or alert to calm or drowsy (i.e., active
or passive). Arousal may also be referred to as Activation. In
this study, being aware that more dimensions available (e.g.,
power, expectation, etc.), we utilize a square representation
of the 2-dimensional valence and arousal (VA) space where
the values are allowed to vary from [-1, +1] in both dimen-
sions.

A topic of interest for emotional speech research is de-
termining how many emotions a system should be able to
recognize. Most research limits to this number to the most
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popular emotion types (“happy”, “angry”, “sad”, etc) as a
means to reduce the number of emotion stimuli that need
be processed (Dromey, Silveira, and Sandor 2005). Other
research regulates emotional expression to be “negative” or
“positive” as this is likely the most important determination
a listener must make in determining what type of response
is warranted (Busso, Sungbok, and Narayanan 2009). Either
way, it is clear that a robust emotion recognition system must
be able to handle various emotional strengths whether it at-
tempts to identify the specific emotion being expressed or
simply makes a determination of whether the emotion is ex-
pressed “positively” or “negatively”. Therefore, it’s of great
interest to compare the performance of emotion recognition
using the labeling strategies of dimension and category.

Additionally, Scherer (Scherer 2000) mentioned, it was of
vital importance to establish whether the vocal changes pro-
duced by emotional and attitudinal factors were universal
or varied over cultures and/or languages. Some research has
suggested that culture can play a role in emotion recognition.
For example, Dromey (Dromey, Silveira, and Sandor 2005)
determined that native English speakers perform better in
recognizing English emotional speech in six emotion cat-
egories than non-native speakers. A similar conclusion was
delivered by Pell (Pell, Monetta, and Paulmann 2009) for na-
tive Spanish speakers recognizing five emotions with higher
accuracy in Spanish than in English, German and Arabic.
Therefore, this study takes the culture/language factor into
consideration when investigating the emotion perception us-
ing two descriptors by using bilingual listener groups (En-
glish and Mandarin) for emotion perception.

This article examines the concept of speaker intent and
listener perception in emotionally acted speech using two
emotion description strategies: dimension and category. A
set of acted speech data is subjected to listening tests and the
analysis including dimensional and categorical emotional
descriptors of speaker intent and listener perception. The
preconceived notion of a set of emotion words based on
a subject’s culture/language and gender is examined along
with their emotional characterization of several speech ut-
terances from the acted database. Two main research issues
are addressed in this study:

1. How accurately can a set of listeners correctly identify
15 distinct emotional categories from an acted speech
database without other forms of context (e.g., linguistic,
visual, etc.)?

2. What consistencies (if any) do listeners show in their la-
beling of emotional speech using two separate labeling
strategies (VA and 15 emotion categories)?

Data Preparation
Emotional speech database
The speech material used for this study is provided by the
Emotional Prosody Speech and Transcripts (EPST) database
(Liberman et al. 2002). The EPST database contains record-
ings of emotional and semantically neutral speech spoken
by seven native speakers (4 females and 3 males) of stan-
dard American English. All the speakers are professional ac-
tors. Each actor read short (4-syllables) dates and numbers

(e.g. “five hundred one” or “August thirteenth”) with the in-
tent to express 15 different emotional categories (“neutral”,
“disgust”, “panic”, “anxiety”, “hot anger”, “cold anger”,
“despair”, “sadness”, “elation”, “happy”, “interest”, “bore-
dom”, “shame”, “pride” and “contempt”) selected according
to the Banse and Scherer’s study (Banse and Scherer 1996).
The speech was recorded at a sampling frequency of 22.05
kHz with 2-channel interleaved 16-bit PCM format (down
sampled to 16 kHz for this study). The duration of each ut-
terance varied approximately from 1 to 2 seconds and each
actor produced 153 speech utterances. The use of short and
emotionally neutral words allows the acoustics to carry all
of the emotional expression and interpretation. While it is in
no way assumed that acted speech provides a complete pic-
ture of authentic emotion, the value of the EPST database is
to provide researchers with control over large number of dis-
crete categories of emotional expression (i.e., 15 emoitons)
that can be grouped and studied for analysis. Speech data
from four (2 males and 2 females) of the seven actors in the
EPST database were used in this study.

Listening tests subjects
While the EPST database contained specific labels indicat-
ing the actor’s intent for emotional expression, it was nec-
essary for this study to analyze the emotional perception of
this data by a group of listeners. Twenty listeners (5 Amer-
ican females, 5 American males, 5 Chinese females and 5
Chinese males) were recruited (largely from a population
of graduate students) to participate in the listening experi-
ments for this study. All 10 of the American subjects spoke
American English as a first language and possessed no sig-
nificant bilingual capability. All 10 Chinese subjects spoke
Mandarin as a primary language. The Chinese subjects were
drawn from a population of graduate students who had been
in the U.S. less than 4 years upon arriving from China. While
capable of using American English for communication, they
used Mandarin as their primary method of communication
the majority of the time. All of the subjects were in the age
range of 22-30 years old.

Experiments and Results
All of the testing involving the listening subjects was con-
ducted in a closed room where ambient noise was kept at
minimum. The testing software was developed as a graphi-
cal user interface (GUI) in MATLAB and used from a com-
puter with high quality headphones. The listening subjects
were directly involved in three experiments as follows:

Experiment I: Introduced the subjects to the concept of the
Valence-Arousal (VA) model and established a rating profile
for the listeners in relating a set of emotional words to the
VA scale. The averaged duration time for this experiment
was about 15 minutes per listener.

Experiment II: Listening test on emotion words choice.
The listening subjects were asked to assign one of the fifteen
emotional categories to the speech utterances. The purpose
of this experiment was to re-label EPST data by assigning
the perceived emotion category and evaluate emotion cate-
gory recognition. The test duration for this experiment was
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about 35 minutes per listener. By repeating for four speak-
ers, the total required time for experiment III was about 140
minutes.

Experiment III: Listening test on VA degrees. The listen-
ing subjects were asked to assign a VA metric to each spoken
utterance. The purpose of this experiment was to assign a set
of valence and arousal metrics to the EPST data based on the
listener perception and determine the degree to which the lis-
teners could agree on the ratings. The test duration for this
experiment was about 35 minutes per listener. By repeating
for four speakers, the total required time for experiment II
was about 140 minutes. The total duration of the whole lis-
tening test was about 5 hours, which was finished within 6-8
weeks for all listeners. To guarantee results, no more than
two experiments were allowed in one day and a at least three
hours break was required between two experiments.

Experiment I: Profile data on VA ratings
Before asking the volunteers to listen to speech utterances
and provide emotional labels, it was necessary to: (1) en-
sure they understood the concepts of arousal and valence
in the context of emotional expression and (2) establish a
profile of the rating tendencies of each listener group (e.g.,
one group may consider the same emotional word as hav-
ing a stronger/weaker implication than another rater). This
experiment also provided an initial glimpse of differences
that may occur due to culture. The test involved a graphical
user interface designed in MATLAB that explained and gave
examples of circumstances fitting certain types of high/low
arousal and valence in order to explain the concepts. Af-
ter this, the volunteers were asked to examine each of the
15 emotional labels (e.g., “happy”, “angry”, etc.) from the
EPST database and assign VA values from -1 (Negative/ Pas-
sive) to 1 (Positive/ Active) (in increments of 0.125) based
on their own perception of these words. The volunteers were
given no time limit and were able to see their ratings for
all of the words simultaneously so they could create rela-
tive associations on the VA scale among the emotional word
choices (e.g., considering “elation” to be a higher arousal
than “happy” even though both would be positive).

All of the raters considered “neutral” as an emotion with 0
valence and 0 arousal. It was therefore assumed that volun-
teers extended their concept of emotion from the base con-
cept of “neutral” being a state of no emotional activity. The
standard deviation of the listener ratings was analyzed to de-
termine the amount of conceptual variation in the listeners’
concept of particular emotional words in valence/arousal di-
mensions. An emotional word with less variation suggested
a more consistent view among the listeners in regard to that
particular emotion. For valence, “elation” showed the lowest
variation (0.12) in listener ratings (all positive) while “hot
anger” had the highest variation (0.46) in listener ratings (all
negative). For arousal, the lowest variation occurs in “hot
anger” (0.21) while the highest in “despair” (0.6).

Figure 1 shows the VA coordinates for each emotion cat-
egory based on the median values by culture. The results
of Figure 1 are relatively consistent with the expected loca-
tions of these emotions based on work by Cowie (Cowie et
al. 2001), which implies that the listeners had a good foun-

(a) American listeners

(b) Chinese listeners

Figure 1: Distribution of emotion categories using median
valence and arousal values for (a) American and (b) Chinese
listeners collected as profile data (without acoustic stimuli).
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Table 1: The recognition rate of emotional word choice in
Experiment II based on groups (American: American listen-
ers, Chinese: Chinese listeners).

mean American Chinese
hot anger 0.70 0.66 0.74
interest 0.58 0.68 0.49
boredom 0.56 0.66 0.47
sadness 0.52 0.49 0.55
panic 0.51 0.56 0.45
neutral 0.48 0.55 0.42
elation 0.46 0.50 0.42
happy 0.44 0.52 0.36
anxiety 0.37 0.39 0.35
despair 0.36 0.37 0.34
pride 0.34 0.41 0.28
contempt 0.34 0.33 0.35
shame 0.32 0.30 0.35
disgust 0.29 0.27 0.32
cold anger 0.27 0.23 0.31
overall ave 0.44 0.46 0.41
baseline 0.07

dation for participating in the listening tests of Experiments
II and III. While Figure 1 gives the sense the listeners as a
whole understood the concepts of arousal and valence as in-
tended for relating to emotional words, it is also clear that
some emotional words carried apparent differences across
cultures (e.g., “panic”, “shame”, and “despair”).

Experiment II: Listening test for emotion words
The second experiment involved all 20 volunteers in a listen-
ing test that required the listeners to assign each of the 153
emotional utterances per actor with one of the 15 emotional
categories from the EPST database. The listeners were not
given any information on the intended emotion of the utter-
ances they were rating and each utterance was presented in
random order. Listeners were encouraged to listen to the ut-
terance as many times as they needed in order to make as
accurate a rating as possible. Additionally, listeners were al-
lowed to change their rating on an utterance at any time dur-
ing the test. Table 1 shows the recognition results of listeners
in selecting the intended emotions of speakers.

The recognition rate of emotion recognition shown in
Table 1 represents the percentage of utterances whose in-
tended emotion labels were correctly recognized. The num-
bers of utterances of fifteen emotions are approximately
same (11 or 10 except that “neutral” has 7 per speaker per
listener), so the recognition rate by chance is 0.07. From Ta-
ble 1, “hot anger”, the most selected emotion by all sub-
groups for all speakers, gains the highest overall accuracy
rate 0.70 and “cold anger”, all subgroups recognized poorly,
has the lowest overall rate 0.27. The average recognition
rate over all emotions for all listeners is 0.44, which is
five times of chance. A further investigation by comparing
the recognition accuracy among culture subgroups provides
more details about the recognition pattern. The higher aver-
age recognition rate of American than Chinese listeners is

not significant. However, for certain emotions, e.g., “bore-
dom”, “panic”, and “neutral”, the difference between lis-
tener groups could be obviously observed, which indicates
the difference in emotion recognition between culture sub-
groups.

Experiment III: Listening tests for VA ratings
The third experiment involved all 20 subjects in a listening
test similar to the second experiment except that that the lis-
teners were required to assign ratings for valence and arousal
based on their perception of 153 speech utterances from each
of the four actors selected from the EPST database (totally
612 utterances for four actors). The purpose of this experi-
ment was to examine the agreement among the listeners in
assigning ratings for valence and arousal based on what they
hear.

Since valence/arousal information is not inherently part
of the EPST database, we used the valence/arousal trends (+
or -) as determined by the American subgroup of listeners
in Figure 1(a) (since all of the actors were American speak-
ers) to assign a positive (+) or (-) valence/arousal trend for
each intended emotional expression for the actors. Table 2
show the percentage of listeners by culture that agreed with
the broader trend (+/-) of the actors’ intended valence and
arousal, respectively, based on the emotional word. Since the
choice of the listeners has now been reduced to their assign-
ment of a positive (+) or negative (-) value, the baseline for
chance had been increased from 0.07 (1 out of 15) in Ta-
ble 1 to 0.5 (1 out of 2). The baseline increase in chance
provided a natural increase in overall accuracy which made
it more difficult to make direct comparisons of Table 2 to
Table 1. However, the information in Table 2 is meant sim-
ply to quantify the types of emotions for which the listeners
would be able to accurately assess an emotional space for the
actor. The recognition rate (RR) for Table 2 was calculated
in the following way as shown in Eq. 1

RR =
m

n ∗ l
, (1)

where n represents the number of utterances intended as a
certain emotion category i, and l shows the number of lis-
teners per subgroup. Therefore, (n*l) valence/arousal ratings
per subgroup per actor would be obtained. Among the (n*l)
ratings, m means the number of ratings having the same sign
(+ or -) as that of emotion i in the profile data collected in
Experiment I for each subgroup (Figure 1). Then, m/(n*l)
represents the percentage of entries for which a correct as-
sessment of the intended valence/arousal of the actor was
made.

From Table 2, the intended valence and arousal trends
across all actors are identified by the listeners at above
chance (0.5). However, most of the valence/arousal trends of
emotions are recognized at a rate greater than 70%, with sev-
eral achieving greater than 90% recognition in the arousal
domain. It’s shown that the emotions of “pride” and “con-
tempt” for both American and Chinese listener groups and
“cold anger”, “elation”, “happy”, and “interest” for Chinese
listeners possessed the lowest recognition rates overall in
identifying the actors’ trends in valence. The lowest recog-
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Table 2: The percentage of subjective ratings that agreed
with the profile data assignments (negative (-) or non-
negative (+)) in valence and arousal based on groups (AM:
American listeners, CH: Chinese listeners).

valence arousal
Int AM CH Int AM CH

disgust - 0.83 0.76 + 0.6 0.56
panic - 0.78 0.75 + 0.97 0.97
anxiety - 0.76 0.73 + 0.58 0.66
hot anger - 0.88 0.9 + 0.94 0.97
cold anger - 0.71 0.66 + 0.8 0.85
despair - 0.87 0.76 - 0.57 0.51
sadness - 0.93 0.92 - 0.8 0.72
elation + 0.78 0.66 + 0.97 0.98
happy + 0.8 0.62 + 0.9 0.88
interest + 0.72 0.59 + 0.81 0.79
boredom - 0.81 0.83 - 0.79 0.77
shame - 0.73 0.73 - 0.68 0.68
pride + 0.68 0.53 + 0.78 0.79
contempt - 0.69 0.53 + 0.69 0.65
average 0.78 0.71 0.78 0.77

nition of valence overall was for the Chinese subgroup rat-
ings of “pride” and “contempt”. Table 2 also shows that
the emotions of “disgust”, “anxiety”, “despair”, “shame”,
and “contempt” exhibited the lowest recognition rate (¡70%)
for both American and Chinese listeners, with several ac-
tors having arousal recognized at or below chance. How-
ever, while arousal had fewer emotions that exhibited recog-
nition rates greater than 70% when compared to valence,
the arousal ratings for “panic”, “hot angler”, and “elation”
were nearly perfect on almost all of the actors. As these
emotions were considered to have high arousal ratings (from
Figure 1) it was clear that the listeners were able to perceive
the intended arousal strength as conveyed by the actors very
clearly. Overall, both the valence and arousal trend for most
emotions could be heard correctly while the American group
seemed to be better at the recognition of valence. However,
the difference is for valence, American listeners performed
better than Chinese but for arousal, both groups exhibited
similar performance.

Discussion
While the EPST database contains intended emotional word
labels, it does not contain annotations for valence and
arousal. The results of Experiments II and III provided
each utterance with listener assignments of perceived va-
lence/arousal values as well as a perceived emotional word.
As seen in Table 2, the recognition of the intended emotional
word as expressed by the actor exhibited a great deal of vari-
ation. Part of this is a result of the number of emotions be-
ing considered (15) with many of them apparently sharing a
similar emotional space as indicated by Figure 1. However,
one of the research issues of this article was also to assess
whether listeners were able to show consistency in perceiv-
ing emotions using two emotion characterization strategies

(i.e., dimension and category). Leading up to this determi-
nation, we proceeded on this investigation by evaluating the
agreement among the listener subgroups in their emotional
word assignments and their valence/arousal.

This first phase of this study involved combining all the
listeners into their cultural subgroups (American or Chinese)
and evaluating their consistency within a cultural group for
specific emotional words assigned to the utterances. In this
case, each utterance was considered to have 10 (one for each
listener in a particular culture) sets of annotations (emo-
tional word, valence/arousal) per subgroup. We collected all
the valence/arousal ratings from each listener and grouped
them based on the emotional words to which they were as-
signed. For the purposes of this specific investigation, a par-
ticular utterance was allowed to belong to more than one
emotional category. For example, if a specific utterance was
rated as “happy” by American listener L1 and “panic” by
American listener L2, we used the valence/arousal ratings
from listener L1 to represent an example of “happy” and the
valence/arousal ratings from L2 to represent an example of
“panic” for the American subgroup. The key here was to ex-
amine the listener’s perception of the emotional word and
subsequent valence/arousal ratings without regard (at this
time) to what the actor intended to express. This was used
to determine which emotions the listeners were most con-
sistent on in regard to their perception over several sessions.
Valence arousal was reduced to represent on the trend re-
lated to positive (+) or negative (-) without consideration of
the degree of valence or arousal as indicated by a specific
value.

Table 3 reflect the level of consistency among the sub-
groups in assigning valence and arousal trends (+/-, e.g.,
the trend of -0.2 is -), respectively, to their choices of emo-
tional words (Experiment Test II) individually according to
listeners’ profile data (Experiment Test I). Tabler̃eftbl:cons
were used to better quantify the amount of random assign-
ments being made by the listener subgroups on a whole for
specific emotions. It’s shown that the valence assignments
for 12 of the 14 emotions (“neutral” was excluded) were
consistent with their associated trend (+ or -) in at least
75% of their observations for valence. The exceptions to this
were “boredom” for the American subgroup and “pride” and
“contempt” for the Chinese subgroup. For arousal, 8 of the
14 emotions were consistent with their associated trend (+
or -) in at least 71% of their observations. “Cold anger”,
“shame”, and “contempt” exhibited less than 70% consis-
tency for both culture groups. Overall, however, every emo-
tion exhibited a consistency of at least 50% with their asso-
ciated valence/arousal trends.

A closer examination of Tables 1-3 was conducted to bet-
ter interpret the results of the listening tests. As shown in Ta-
ble 1, “shame” and “cold anger” is perceived with the lower
rate but relatively higher rate in Table 2, which suggested
that listeners (generally) perceived the intended valence and
arousal successfully but did not identify the discrete emo-
tion. Also, “despair” was poorly recognized as shown in Ta-
ble 1, but the valence trend was recognized with a high rate
(see Table 2). However, a potential reason why the emotion
could not be identified correctly may be explained by the
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Table 3: The percentage of subjective ratings that agreed
with the perceived emotion word assignments by listener
subgroups (American: American listeners, Chinese: Chinese
listeners). The bold shows emotion with high agreement
(> 0.70) and the italic shows emotions with lowest agree-
ment.

valence arousal
American Chinese American Chinese

sadness 0.90 0.93 0.68 0.70
boredom 0.58 0.82 0.77 0.82
interest 0.91 0.78 0.80 0.94
anxiety 0.79 0.78 0.79 0.79
happy 0.88 0.82 0.85 0.76
hot anger 0.80 0.93 0.97 1
pride 0.82 0.68 0.79 0.85
contempt 0.75 0.67 0.58 0.51
despair 0.93 0.90 0.84 0.63
panic 0.82 0.79 0.92 0.96
disgust 0.89 0.82 0.71 0.68
cold anger 0.87 0.79 0.50 0.61
shame 0.87 0.78 0.69 0.58
elation 0.89 0.83 0.98 0.99
average 0.84 0.81 0.78 0.77

fact that the arousal trend was only recognized at a rate near
chance. Emotions recognized correctly by most subgroups
(“hot anger”, “boredom”, “sadness”, “interest” and “panic”
in Table 1) also show high recognition rate for both valence
and arousal trends in Table 2. A similar explanation is possi-
ble for all of the recognition rates reported in Table 1 which
supports the notion that the listeners were generally better
at identifying the general emotion space of the actor as op-
posed to the specific intended emotion.

Conclusion
This article examined the correlation between the assign-
ment of 15 distinct emotional categories and the labeling of
a general affective space as intended by an actor using words
with no inherent emotional implication. The results showed
that, while listeners confused the specific identity of certain
emotional expressions, they were generally very accurate at
identifying the intended affective space of the actor as deter-
mined by intended valence and arousal. Since social inter-
action is largely based on a general “sense” of the speaker’s
intent, the results suggest that the listeners would understand
the basic nature of the actor’s intent (positive or negative)
even if the specific intent was not identified accurately. Ad-
ditionally, a comparison of American and Chinese listening
groups suggested that the American group was better over-
all at recognizing valence when compared to the Chinese
group of listeners while both performed equally well at the
recognition of arousal. This suggested that, in the absence
of linguistic context, the American group was able to utilize
acoustic cues more effectively in determining the valence.
As the acoustic cues are the only clue regarding an emotion
annotation, a thorough acoustic analysis is underway to find
features that will correlate better with the ratings provided

by the listeners as the future work.
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