Analysis of emotional speech prosody in terms of part of speech tags
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Abstract across emotions. In this paper, we investigate the effect of these

Representation of emotions in terms of acoustic features of well  differences in terms of emotion style, part of speech tag type,
defined lexical elements is desired for development of emo- SPeaker, and position ina sentence. This is done using a 4-factor
tional speech processing systems. For that purpose, in this pa- (4¥13x2x3) mixed-design ANOVA (with repeated measures on
per, the interaction between emotions and part of speech (POS) €motion style) analyzing duration, energy maximum and me-
tags is investigated. Utterances from 3 speakers in angry, happy, dian. and FO median and range dependent variables. As stated
sad, and neutral emotions are used to statistically analyze the ef- 200Ve, the purpose is to gain insights regarding, if and, how
fects of emotion, POS tag type, position of the tag, and speaker POS information can be useful in emotional speech processing.
factors on tag duration, energy, and FO variables. It is found

that the main effects of emotion, tag type, and position are sig- 2. Experiment design

nificant. Results also show that the effect of emotion is signif- ) ) ) ) )

icantly dependent on position, but not on POS tag type. The N this section we 'flrst descrlbe_th_e emotional dataset we use
effect of position is noticeable. POS tags located in the first half and then give details of how statistical tests were performed.

of sentences have shorter durations, higher energy, and higher

FO values. 2.1. Emotional dataset

Index Terms: emotional speech, part of speech (POS), prosody The results in this study are based on 72 sentences uttered by 3

. speakers (who were native speakers of English) in four emotion
1. Introduction styles (happy, angry, sad, neutral). The sentences were designed
Research on perception of emotions shows that different words to be semantically neutral, however the distribution of different
have different emotional effect on human listeners [1]. There- POS tags was not specifically controlled. The same sentences
fore one may expect that while expressing different emotions Were used for the all three speakers. Of these, speaker 1 was
people select and (acoustically) modulate different words dif- @ male speaker in his late twenties with no professional acting
ferently. The interplay between the linguistic role of words, experience. Speakers 2 and 3 were females in their late twenties
and their expressive modulation in spoken language is complex, With degrees from a theater school.
and not completely understood. In this paper we concentrate The speakers were asked to utter each sentence in 4 emo-
on speech signal property differences, specifically on prosody tion styles, which were happiness, anger, sadness and neutral
parameters (duration, FO, and energy) as a function of part of (i.e., no particular intended emotion) styles. The recordings
speech (POS) tags (lexical categories where words in each class were performed emotion by emotion, that is all sentences were
grammatically behave the same) in emotion. The specific goal first recorded in one style then in another. Listening tests were
is to investigate the interaction between emotions and POS tags conducted with naive listeners (minimum 4 listeners per file) to
and the factors influencing this interaction. evaluate the expressed emations. The tests were designed as
POS tags are attractive for many reasons. First of all, they forced choice tests where listeners had to choose one of happy,
are few in number~36) and can be identified with high accu-  angry, sad, neutral, or other options. Results showed that in
racy (more than 90%) with no manual intervention. They are more than 80% of instances, the perceived emotion matched
generated and used during text to speech (TTS) synthesis for the intended emotion.
various purposes such as phrase break assignment [2], prosody  The average sentence length was 6.81 words. The 0.25,
generation, homographic disambiguation and target cost calcu- (.5, and 0.75 quantiles for sentence word counts were 5,6, and
lations [3]. Also, they provide information about word promi- 8 words, respectively. Word boundaries were estimated auto-

nence [4]. In addition they are popularly used in natural lan-  matically using HMM models trained using the HTK software.
guage processing (NLP) for semantic disambiguation and sum-
marization. If there is a relation between emotion styles and
POS tags, and if this relation can be parametrized, it can be
used to introduce emotion information in spoken language pro- In order to analyze the effect of emotions on prosodic features
cessing. of part of speech tags, a 4 factor mixed design (4x13x2x3)

In emotional speech research, POS information has been ANOVA was used. There were four independent variables.
used in emotional speech recognition [5] and only partially On one of these, intended emotion, we had repeated measures.
(for content/function word discrimination) in emotional speech  There were four levels of the intended emotion: Happy, angry,
synthesis [7]. In an effort to investigate their usage for emo- sad and neutral. The three other independent variables, which
tional speech resynthesis, in [6] we compared the probabili- were used as between-subject variables, were POS tag type, po-
ties of observing differences in the POS tag parameter values sition of the tag in sentence, and speaker.

2.2. Repeated measures design on emotions



2.2.1. Independent variables

The POS tag type we used had 13 levels: Adjectives (JJ, 25 (the
number of JJ tags in all 72 sentences)), singular or mass nouns
(NN, 70), proper singular nouns (NNP, 17), plural nouns (NNS,
5), personal pronouns (PRP, 59), possessive pronouns (PRPS$,
17), adverbs (RB, 37), base form verbs (VB, 17), past tense
verbs (VBD, 12), gerund or present particle verbs (VBG, 17),
past particle verbs (VBN, 9), non-3rd person singular present
verbs (VBP, 10), person singular present verbs (VBZ, 7). Our
concentration was mainly on POS tags of content words be-
cause they were shown to be more prominent than function
words [4]. A similar distinction was utilized during the syn-
thesis of emotional speech in the Affect Editor [7].

The position variable had two levels and it was used to mark
whether the word was in the first or second half of a sentence.
For example, for a 5 (or 6) word sentence, the first 3 words
were considered as belonging to first half and last 2 (3) words
to the second half. Position was included as a factor as a re-
sult of our analysis prior to the design, where it was found that
position dependent differences in the acoustic parameter values
were significant.

The speaker variable had 3 levels.

2.2.2. Dependent variables

The dependent variables were (POS) tag duration, tag energy
maximum, tag energy median, tag FO median, and tag FO range.
Speaker dependent normalizations were performed on all vari-
ables in order to minimize effects of speakers. For each speaker
the mean and standard deviation of parameter values were cal-
culated at the utterance level across all emotions. These values
were used to normalize the tag level parameters. In order to en-
sure fair competition among the tag energies, the energy values
were also normalized at the utterance level so that each utter-
ance had energy median equal to 1.

The normalizations were performed as follows: (1) tag du-
ration = tag duration/mean (utterance duration/utterance word
number), (2) tag energy maximum = (tag energy maximum /
utterance energy median) / mean (utterance energy maximum /
utterance energy median), (3) tag energy median = tag energy
median / utterance energy median, (4) tag FO median = (tag FO
median - mean(utterance FO median))/std(utterance FO median),
(5) tag FO range = tag FO range / mean (utterance FO range).

The FO contour was calculated using Praat software. As an
energy measure, the average amplitude energy was used. In this
method, instead of squares (as in RMS energy calculation) the
absolute values are summed over a shifting short time window
(Hamming window of 0.015 seconds long). Both FO and energy
contours were smoothed with median filters of length 3.

3. ANOVA analysis results

In this section we present the results of ANOVA tests. The im-
plications of these results are discussed in more detail in sec-
tion 4.

Results of the ANOVA tests are reported in Table 1 and
Table 2. The values are the results of Greenhouse-Geisser sta-
tistical test (which was preferred in order to account for the vio-
lations of the sphericity assumption) performed using the SPSS
software.

In addition to the statistics, figures are also provided to vi-
sualize the effect of each parameter. The plots in Fig. 1 are
helpful to visualize the main effects of emotion and tag type,
and also their interaction.

The main effect of position (and also of emotion) is shown
in Fig. 2 where the values of dependent variables are plotted
for two conditions: position=1 (i.e., only considering the tags
in the first half of sentences) and position=2 (i.e., tags in the
second half) conditions. The figure is also helpful to visualize
the interaction between emotion and position.

In order to provide a tag level discrimination for emotions,
contrast tests were performed to analyze the differences be-
tween all 6 emotional pairs. Since position was calculated to
be an important factor, these comparisons were performed sep-
arately for position=1 and position=2. The results for some POS
tags (JJ, NN, VB, RB, PRP) are reported in Table 2. The table
also shows the results of post hoc test for POS tag type variable.
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Figure 1:Emotion and tag type interaction for each dependent
variable. Each symbol represents a different emotion: Neutral:
O, anger: O, happiness:A, sadness:+. The figures show
the main effect of POS tag type and emotion, and emotion*tag
interaction.
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Figure 2:Shows the main effect of emotion and position. Cases
where position=1, position=2, and position=1 or 2 are marked
with O, A, and, respectively. Symbols N, A, H, S represent
neutral, angry, happy, and sad emotions, respectively.



Variables | Duration Energy maximum Energy Median FO median FO range

emo F(2.75,2279.08)=21.53| F(2.85,2362.06)=47.47| F(2.79,2312.69)=2.60 F(2.84,2354.07)=110.00, F(2.78 2301.44)=9.71
p<.001 p<.001 p=.054 p<.001 p<.001

tag F(12,828)=46.82 F(12,828)=15.01 F(12,828)=3.41 F(12,828)=1.89 F(12,828)=12.11
p<.001 p<.001 p<.001 p=.032 p<.001

poz F(1,828)=18.22 F(1,828)=67.77 F(1,828)=60.04 F(1,828)=40.24 F(1,828)=5.59
p<.001 p<.001 p<.001 p<.001 p=.018

spk F(2,828)=.02 F(2,828)=4.32 F(2,828)= 0.54 F(2,828)=2.79 F(2,828)=5.65
p=.970 p=.014 p=.582 p=.062 p=.004

emo*tag F(33.03,2279.08)=1.17| F(34.23,2362.06)=1.29| F(33.51,2312.69)=1.44| F(34.11,2354.07)=.92 F(33.35,2301.44)=1.77
p=.220 p=.122 p=.049 p=.596 p=.004

emo*poz | F(2.75,2279.08)=6.91 | F(2.85,2362.06)=7.75 | F(2.79,2312.69)=3.65 | F(2.84,2354.07)=10.81 | F(2.78,2301.44)=1.38
p<.001 p<.001 p=.014 p<.001 p=.25

emo*spk F(5.50,2279.08)=44.73| F(5.70,2362.06)=18.99| F(5.58,2312.69)=1.32 F(5.68,2354.07)=15.34 | F(5.56,2301.44)=4.07
p<.001 p<.001 p=.249 p<.001 p=.001

tag*poz F(12,828)=2.73 F(12,828)=4.17 F(12,828)=3.72 F(12,828)=3.27 F(12,828)=1.67
p=.001 p<.001 p<.001 p<.001 p=.069

tag*spk F(24,828)=.29 F(24,828)=.39 F(24,828)=.33 F(24,828)=.77 F(24,828)=.67
p=1.00 p=.996 p=.999 p=.776 p=.866

spk*poz | F(2,828)=2.39 F(2,828)=.91 F(2,828)=.33 F(2,828)=6.79 F(2,828)=4.87
p=.093 p=.400 p=.718 p=.001 p=.008

Table 1: Greenhouse-Geisser test statistics for a 4-factor mixed-design ANOVA experiment are shown. Independent variables are

emotion(emo, 4 levels), tag type (tag, 13), position (poz, 2) and speaker (spk, 3). Significant results are highlighted.

3.1. Analysis of tag duration, energy and FO contours

The results in Table 1 show that main effects of emotion (Fig. 1
and 2), tag type (Fig. 1), and position (Fig. 2) were significant
on all dependent variables (except the main effect of emotion
on energy median, which was insignificant because of the per-
formed utterance level energy normalizations). The main effect
of speaker was either not significant or small. This was mainly
due to the speaker level normalizations.

Significant effects of emotion and tag type were expected.
However, it was particularly interesting to observe the strong
effect of position. As it can clearly be seen in Fig. 2, the tags
located in the first half of sentences (i.e., position=1) had shorter
durations, higher energy, and higher FO values than the tags in
the second half (i.e., position=2). In general, this was true for
alltags. As expected, there were significant differences between
patterns of differences, due to position, in the values of duration,
energy maximum and median, and FO median, for some tags
(i.e., tag*position interaction was significant).

The effect of position was significant for all emotions
(Fig. 2). Note also that the effect of position was emotion de-
pendent (i.e., emotion*position interaction was significant) for
all variables, except FO range. This can be seen from Fig. 2 and
Table 1.

The results show that we do not have enough evidence to
conclude that the effect of emotion on certain parameters — du-
ration, energy maximum, and FO median — is tag dependent.
For energy median and FO range parameters it was found that
the effect of emotions are significantly dependent on tag type.
Itis an indication that, emotion change affected some tags more
than the others. Note, however, that the size of effect was small.

Analysis of 3-way interactions (not shown in the tables),
emotion*tag*position, and emotion*tag*speaker, showed that
they were insignificant for all acoustic features except du-
ration. For duration, the interaction was small but signifi-
cant (emotion*tag*position: F(33.03, 2279.08)=1.58, p=0.019,
emotion*tag*spk: F(66.06, 2279.08)=1.37, p=0.026).

3.2. Post hoc tests for emotions and POS tags

Contrast analyses of emotions (Table 2) show that emotions can
be differentiated from each other at the POS tag level. More-
over, there were differences between information (for emotion

differentiation) inherent in different tags. For example, verbs

(VB) had less emotion related information than the other tags.
These results should be interpreted with caution, however. Con-
sidering the relatively small size of the analyzed dataset, they
need to be tested for larger databases as well.

The patterns of differences between emotions were depen-
dent on position (Table 1 and Fig. 2). From Table 2 we ob-
serve that, in general, for different acoustic features, differences
between emotions were more consistent in the second half of
sentences. For example, in the second half, a relation (between
emotions) observed for duration variable was also observed for
energy maximum and FO median.

As emphasized in section 4, the results discussed in the pre-
vious two paragraphs may be specific to the type of dataset (i.e.,
same sentences for all emotions) that was used in this experi-
ment. It will be interesting to see if these relations still hold for
emotional data where all emotions are not expressed with the
same sentences.

4. Discussion

Results show that emotions can be differentiated at the POS
level. This was an expected result, because many emotional
speech analysis studies show that word, syllable and phoneme
features change with emotional style change. The more interest-
ing result was to note that emotion and tag type interaction was
either insignificant (duration, energy maximum, FO median) or
small (energy median, FO range). This means that the effect of
emotion on duration, energy maximum and FO median acous-
tic features was not significantly dependent on POS tag type.
However, as shown in Table 2, the emotion related information
inherent in different POS tags was different. For instance, verbs
(VB) provided less information than adjectives (JJ) or nouns
(NN).

In order to understand the interaction between POS tags and
emotions better, for randomly selected 10 sentences (i.e., 4x10
utterances), we asked 2 native English speakers to label the most
prominent two words. The purpose was to investigate how the
position of prominence changed with emotion. The analysis
based on position showed that, in general, the same words were
salient across different emotions. This means that the promi-
nence marks mostly fell on the same POS tags even when emo-



JJ NN VB RB PRP All tags Post Hoc test for POS tags

Duration,poz=1 — h<als h<s — nlh<a nh<als PRP/PRP$/RR.JJ/NN

poz=2 n<alh/s n<a/h/s, <a n<h n<a/h, s<h n<a/h/s, s<h/a n<a/h/s, <a VB/VBD/VBG/VBP/VBZ <JJ/NN
PRP/PRP$/VBNNP/NNS
RB/VBP/VBZ<NNS
PRP(PRP$X all but PRP$(PRP)

Energy maximumpoz=1 | n/h<a s<a = his<n/a n/h/s<a, s<n/h s<n,n/h/s<a NN/NNS/PRP/PRP$/RB/VR.NNP

poz=2 n<a/h/s, his<a n<alh/s, his<a n<a n<a/h/s, <a n<a/h, s<a n<a/h/s, his<a PRP<RB/VB/VBD/VBN/VBP
PRP/PRP& JJ/NN/VBG

Energy mediarpoz=1 — — h<a — s<n/a/h h/s<n VB/VBN/VBZ <NNP

poz=2 n<a/h/s n<als, s — n<s n<h/s n/h<a VB/VBN/VBZ <NNP

JI/INN/NNS/RB/VBZ PRP$
NNS<VBD/VBG/VBP

VBZ <VBG/VBP
FO medianpoz=1 n<a/h his<a n<al/h/ss<h,h/s<a | n<a/hs<a n<a/h s<alh | n<alh s<alh n<a/h/s h/s<a s<h | JIPRP/VBG/VBP
poz=2 n<a/h/s, s<a’h n<a/h/s, s<alh n<a/h, s<h n<a/h/s, s<h n<a/h, s<a’h n<a/h/s, s<a/h
FO rangepoz=1 B n<alh/s n<a/h n<alh/s — n<alh/s RB/VB<JJ/NN, VBD<JJ
poz=2 n/s<h n<a/h/s s<a/h n<h/s — n<s PRP/PRP& JIJ/NN/NNP/NNS/VBN

PRP$VBZ, VB <NNS/VBN

Table 2:Contrast analysis of emotions and post hoc comparisons of POS tags. Only significant pairs are shown. Results for position=1,
and position=2 are highlighted and in italic, respectively, for easy differentiation. Note that some tags are more helpful than the others
to differentiate between emotions. Also note that, the patterns of differences between emotions are, in general, more consistent in the
second half.

tion changed. It is interesting to note that these preliminary emotions on POS tag parameters. Analyses of larger emotional

analyses were in accord with the results (for the interaction be- corpora with more balanced POS tags presence, and analyses

tween POS tag and emotion for different acoustic features) in of new type of emotional data, where emotion expressions will

this paper. not be constrained to same sentences for different emotion,
Not observing any significant interaction between emotions are planned in the future studies to compliment the results

and POS tags may be due to the type of dataset used. Note that, presented in this paper.
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