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Abstract. In this study we introduce a novel experimental approach towards the 
evaluation of emotional prosodic models in Expressive Speech Synthesis. It is 
based on the dimensional emotion expressivity and adopts the Self-Assessment 
Manikin Test. We applied this experimental approach to evaluate an emotional 
prosodic model for Greek expressive Text-to-Speech synthesis. We used two 
pseudo-sentences for each of the Greek and English HMM-based synthetic 
voices, implemented in the MARY TtS platform. Fifteen native Greek partici-
pants were asked to assess eleven emotional states for each sentence. The re-
sults show that the “Arousal” dimension is perceived as intended, followed by 
the “Pleasure” and “Dominance” dimensions’ ratings. These preliminary find-
ings are consistent with the results in previous studies. 

Keywords: Expressive Speech Synthesis, prosody evaluation, Text-to-Speech, 
emotional state. 

1 Introduction 

Expressive Speech is “the speech which gives us information, other than the plain 
message, about the speaker and triggers a response to the listener” [1]. Accordingly, 
Expressive Speech Synthesis (ESS) [2] is a method for conveying emotions (and oth-
er paralinguistic information) through speech, using the variations and differences  
of speech characteristics. There is a plethora of studies towards the creation of expres-
sive speech synthesis in order to achieve a more natural result during Human-
Computer Interaction. Furthermore, in the domain of document accessibility,  
emotional-based mapping has been recently proposed [3] for rendering document 
signals to the auditory modality through Document to Audio systems [4, 5] that in-
corporate  ESS. This approach aims to overcome the limitation of the current Text-
to-Speech (TtS) systems [6] towards an effective acoustic provision of the semantics 
and the cognitive aspects of the visual (such as the typographic signals) and non-
visual (such as the logical structure) knowledge embedded in rich text documents [7]. 
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Several works [8-11] suggest that there is a certain universal character behind the 
vocal expression of emotions. The approach followed by Schröder [11] for speech 
rule-base synthesis builds on the hypothesis that vocal emotion expression is very 
similar across languages. More specifically, he presents a model for expressive speech 
synthesis in MARY TtS [12] using the dimensional “Pleasure”, “Arousal” and “Do-
minance” (PAD) approach of emotions. PAD methodology has the advantage of using 
continuous values of the emotional expression. PAD values can be mapped to a spe-
cific emotion or variations of the emotion. For example, the emotion “happy” can 
have variations like “quite happy”, “very happy”, “less happy”. Schröder [11] uses 
several equations to describe how the prosodic elements vary while changing the 
emotional states. The parameters are distinguished as: a) “Standard” global parame-
ters: “pitch”, “range”, “speech rate” and “volume”, b) “Non-standard” global parame-
ters: “pitch-dynamics” and “range-dynamics” and c) specific entities like ToBI  
accents and boundaries.  

The MARY (Modular Architecture for Research on speech sYnthesis) Text-to-
Speech system [12] is an open-source, Java implemented platform. The system  
follows the Client-Server (CS) model. Server side executes text preprocessing / nor-
malization, natural language processing, calculation of acoustic parameters and 
speech synthesis. The client sends to server the requests, including the text to be 
processed and the parameters for the text handling by the server side. The system is 
multi-threaded, due to CS implementation, flexible (modular architecture) and XML-
based, adding support for DOM and XSLT [12]. MARY TtS includes a number of 
tools, in order to easily add a new language and build Unit Selection and HMM-based 
synthetic voices [13-14]. 

In the present study, we first introduce a novel experimental approach towards the 
evaluation of emotional prosodic models in Expressive Speech Synthesis. Then we 
investigate how emotions are communicated through speech/prosodic channel exclud-
ing any emotion from content’s semantics. The results can be incorporated into TtS 
systems for the acoustic rendition of document’s typographic signals. Our study also 
builds on the universal character of emotions hypothesis according to which emotion 
is similarly expressed across languages. It ultimately aims to evaluate this hypothesis 
by testing an existing, language-agnostic / universal prosodic model for conveying 
emotions through TtS. In contrast, previous approaches (e.g. [15-17]) to developing a 
prosodic model for the Greek language are based on the creation of an emotional 
speech database, along with feature extraction and analysis. 

2 The Experimental Approach 

We adopted the Self-Assessment Manikin Test (SAM) [18] which measures the emo-
tional response, based on the dimensional approach of emotions [19-20]. SAM test 
provides to evaluators the ability to avoid the verbal expression of emotions in the 
assessment. It introduces a quick and easy procedure. This tool has been designed to 
replace the course of self-assessment of the emotions. In the context of the current 
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study, we have designed and developed a web-based version of the SAM experimen-
tal procedure, similar to the one described in [21]. 

2.1 Stimulus Design 

In order to eliminate any expression of emotions through the verbal/semantic channel, 
the selection of meaningless pseudo-sentences that resemble normal speech (in both 
Greek and English TtS) is mandatory. In the Greek version of synthesized stimuli, the 
selection of the pseudo-sentences was done according to the methodology proposed in 
[22]. A set of random short sentences was selected and phonemes of the content 
words of the sentences were replaced, such that pseudo-words were formed. Vowels 
were replaced by vowels and consonants by consonants, and the syllabic structure and 
stress of the original word were maintained.  

The pseudo-sentences were converted into synthetic speech, using MARY TtS 
[12]. A number of languages are currently supported by MARY TtS, such as English, 
German, Russian, Italian, Turkish and Telugu. But the Greek language is not in-
cluded. Following the basic and necessary steps for the baseline support of a new 
language in the MARY TtS framework [13] we have developed a HMM-based Greek 
voice. The dimensional description of emotional states and the prosodic model [11] 
[23] for pitch, rate and volume has been applied, in order to acoustically render “Plea-
sure”, “Arousal” and “Dominance”. 

Participants first hear each pseudo-sentence two times and then they assess the 
emotional state they perceive using manikins. The stimulus presentation sequence 
(frame) is presented in Fig. 1. The audio cue begins with a short pause (2 seconds), 
followed by the synthesized pseudo-sentence, a short pause, repetition of the pseudo-
sentence and an ending pause. 

 

Fig. 1. The stimulus audio sequence (frame) during the experimental procedure 
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2.2 Stimuli Implementation 

We selected the dimensional representation (Table 1) of 10 emotions provided by [24] 
and the “neutral” emotional state. Fig. 2 presents the scatter graph of the ten emotion-
al states on the “Pleasure - Arousal” grid. Finally, we selected two sentences that can 
be optimally processed by the TtS system. The sentence “Ήταν όμως λίγο απότομος” 
was transformed into “Ήταν ένως τίγο αφόθονος” and the second pseudo-sentence 
was “Η αφιστροπή της σάστες είναι γογεμός”. For the English stimuli we selected 
two pseudo-sentences “Hat sundig pron you venzy” and “Fee got laish jankill gosterr” 
[9] [25]. The total stimuli were 44 (we implemented 11 emotional states X 2 pseudo-
sentences for each version of the TtS language). 

Table 1. The 10 emotional states and their corresponding values on the “Pleasure”, “Arousal” 
and “Dominance” dimensions in scale [-1, 1] 

Emotional 
State 

Pleasure Arousal Dominance 

A -0.51 0.59 0.25 

B -0.60 0.35 0.11 

C -0.64 0.60 -0.43 

D 0.81 0.51 0.46 

E -0.63 -0.27 -0.33 

F 0.40 0.67 -0.13 

G 0.74 -0.13 0.03 

H 0.87 0.54 -0.18 

I 0.68 -0.46 0.06 

J -0.65 -0.62 -0.33 

2.3 Participants and Procedure 

In total 15 students (9 male and 6 female) participated in the experiment with an aver-
age age of 24.4 year-old (SD=3.5). They were graduate and post-graduate students of 
the Department of Informatics, University of Athens. Their native language was 
Greek (with excellent or good proficiency in English). They did not report any hear-
ing problem, and they had none or a little familiarization with synthetic speech or 
Text-to-Speech systems.  

The participants were asked to hear and estimate the emotional state that is commu-
nicated by the synthesized speech. They were introduced in the experimental procedure 
and they had to complete a form about their demographic data (age, occupation, educa-
tional level, frequency of computer usage) and that they consent to participate in the 
experimental test. Then, they were familiarized with the experiment by participating in a 
short demo session. They had to assess 4 demo stimuli (2 in Greek and 2 in English 
version). They could repeat the demo session if they believed that they were not familia-
rized with the procedure. After the demo version of the experiment, they participated in 
the main procedure, where they assessed the 44 stimuli. The stimuli playback was pro-
vided in a random order for each participant, through a high performance headset (AKG 
K271). The average assessment time was 18.1 minutes (SD=3.3). 
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Fig. 2. Scatter graph of the 10 emotional states on the “Pleasure - Arousal” grid 

3 Results 

Tables 2 and 3 present the results for the Greek pseudo-sentences and Tables 4 and 5 
the corresponding English ones. Each table includes the average responses for  
 
Table 2. Average values with their corresponding standard deviation for each emotional state 
on the Pleasure, Arousal and Dominance dimensions for the Greek pseudo-sentence #1 

Greek pseudo-sentence #1 
Emotional 

State 
Pleasure (SD) Target 

Value 
Arousal (SD) Target 

Value 
Dominance 

(SD) 
Target 
Value 

A -0.10 (0.43) -0.51  0.57 (0.26) 0.59  0.23 (0.80) 0.25 

B -0.17 (0.31) -0.60 -0.33 (0.41) 0.35  0.43 (0.50) 0.11 

C -0.10 (0.43) -0.64  0.47 (0.30) 0.60  0.40 (0.63) -0.43 

D -0.30 (0.41) 0.81  0.83 (0.24) 0.51 -0.27 (0.62) 0.46 

E -0.40 (0.47) -0.63 -0.60 (0.34) -0.27  0.03 (0.52) -0.33 

F  0.00 (0.53) 0.40  0.90 (0.21) 0.67 -0.13 (0.81) -0.13 

G -0.13 (0.23) 0.74 -0.20 (0.37) -0.13  0.33 (0.62) 0.03 

H  0.03 (0.44) 0.87  0.67 (0.24) 0.54  0.07 (0.59) -0.18 

I -0.10 (0.34) 0.68 -0.47 (0.40) -0.46  0.33 (0.72) 0.06 

J -0.53 (0.44) -0.65 -0.87 (0.30) -0.62  0.10 (0.71) -0.33 

Neutral  0.00 (0.19) 0.00  0.00 (0.33) 0.00  0.13 (0.61) 0.00 
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Table 3. Average values with their corresponding standard deviation for each emotional state 
on Pleasure, Arousal and Dominance dimensions for the Greek pseudo-sentence #2 

Greek pseudo-sentence #2 
Emotional 

State 
Pleasure 

(SD) 
Target 
Value 

Arousal 
(SD) 

Target 
Value 

Dominance 
(SD) 

Target 
Value 

A  0.07 (0.46) -0.51  0.33 (0.49) 0.59 -0.10 (0.57) 0.25 

B  0.07 (0.37) -0.60  0.10 (0.34) 0.35  0.10 (0.57) 0.11 

C  0.03 (0.48) -0.64  0.43 (0.37) 0.60 -0.17 (0.67) -0.43 

D -0.13 (0.55) 0.81  0.90 (0.21) 0.51 -0.27 (0.80) 0.46 

E -0.60 (0.34) -0.63 -0.53 (0.40) -0.27  0.10 (0.60) -0.33 

F  0.10 (0.51) 0.40  0.77 (0.32) 0.67  0.00 (0.76) -0.13 

G -0.20 (0.32) 0.74 -0.20 (0.53) -0.13  0.30 (0.49) 0.03 

H  0.00 (0.57) 0.87  0.83 (0.31) 0.54 -0.13 (0.88) -0.18 

I -0.17 (0.45) 0.68 -0.20 (0.37) -0.46  0.20 (0.41) 0.06 

J -0.53 (0.40) -0.65 -0.67 (0.45) -0.62  0.27 (0.56) -0.33 

Neutral -0.07 (0.32) 0.00 -0.07 (0.42) 0.00  0.23 (0.50) 0.00 

 
“Pleasure”, “Arousal” and “Dominance” with their standard deviation (in brackets). 
Also, the initial values of the emotional states used during the speech synthesis proce-
dure for the stimuli implementation is presented (Tables 2-5, named as “Target Value”). 

We observe that “Arousal” dimension was perceived as intended in both pseudo-
sentences (Greek stimuli). The only exception was noticed in Table 2, emotional state 
B. In the “Pleasure” dimension, the positive valued states were not perceived as in-
tended contrary to negative ones. The “Dominance” dimension did not have the de-
sired results. It is worth noting that for both “Pleasure” and “Arousal’ dimensions, 
neutral state was correctly perceived. 

The results for the English pseudo-sentences were slightly worse than those pre-
sented for the Greek language. There is a consistency; that “Arousal” dimension was 
better perceived than “Pleasure” and “Dominance”. 

Table 4. Average values with their corresponding standard deviation for each emotional state 
on the Pleasure, Arousal and Dominance dimensions for the English pseudo-sentence #1 

English pseudo-sentence #1 
Emotional 

State Pleasure (SD) Target 
Value 

Arousal  
(SD) 

Target 
Value 

Dominance 
(SD) 

Target 
Value 

A 0.10 (0.28) -0.51 -0.07 (0.37) 0.59 0.37 (0.58) 0.25 
B -0.10 (0.39) -0.60 -0.30 (0.49) 0.35 0.23 (0.50) 0.11 
C 0.20 (0.32) -0.64 0.23 (0.46) 0.60 0.33 (0.62) -0.43 
D -0.10 (0.47) 0.81 0.67 (0.31) 0.51 -0.13 (0.69) 0.46 
E -0.53 (0.35) -0.63 -0.67 (0.56) -0.27 0.10 (0.66) -0.33 
F 0.00 (0.46) 0.40 0.70 (0.37) 0.67 -0.20 (0.59) -0.13 
G 0.03 (0.35) 0.74 -0.33 (0.41) -0.13 0.23 (0.59) 0.03 
H 0.20 (0.53) 0.87 0.57 (0.37) 0.54 0.00 (0.82) -0.18 
I 0.00 (0.27) 0.68 -0.30 (0.49) -0.46 0.13 (0.64) 0.06 
J -0.83 (0.31) -0.65 -0.57 (0.56) -0.62 -0.20 (0.80) -0.33 

Neutral -0.10 (0.21) 0.00 -0.13 (0.40) 0.00 0.20 (0.59) 0.00 
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Table 5. Average values with their corresponding standard deviation for each emotional state 
on the Pleasure, Arousal and Dominance dimensions for the English pseudo-sentence #2 

English pseudo-sentence #2 
Emotional 

State 
Pleasure 

(SD) 
Target 
Value 

Arousal 
(SD) 

Target 
Value 

Dominance 
(SD) 

Target 
Value 

A -0.10 (0.28) -0.51 -0.03 (0.48) 0.59  0.17 (0.52) 0.25 
B -0.17 (0.41) -0.60 -0.37 (0.55) 0.35  0.27 (0.62) 0.11 
C  0.07 (0.46) -0.64  0.17 (0.59) 0.60  0.23 (0.53) -0.43 
D  0.17 (0.56) 0.81  0.70 (0.32) 0.51  0.00 (0.82) 0.46 
E -0.50 (0.46) -0.63 -0.67 (0.36) -0.27  0.03 (0.69) -0.33 
F -0.17 (0.56) 0.40  0.53 (0.40) 0.67 -0.03 (0.72) -0.13 
G -0.23 (0.37) 0.74 -0.37 (0.44) -0.13  0.13 (0.58) 0.03 
H  0.00 (0.42) 0.87  0.67 (0.41) 0.54  0.00 (0.73) -0.18 
I -0.33 (0.45) 0.68 -0.40 (0.43) -0.46  0.20 (0.41) 0.06 
J  -0.70 (0.37) -0.65 -0.87 (0.23) -0.62 -0.10 (0.74) -0.33 

Neutral -0.37 (0.40) 0.00 -0.30 (0.49) 0.00  0.30 (0.59) 0.00 

4 Conclusions 

In this study, we introduce a novel experimental approach towards the evaluation of 
emotional prosodic models in Expressive Speech Synthesis. This approach is based 
on the dimensional emotion expressivity and adopts the Self-Assessment Manikin 
Test. We apply this experimental approach to evaluate the emotional prosodic model, 
proposed by Schröder [11], for the Greek expressive Text-to-Speech synthesis. We 
used two pseudo-sentences for each of the Greek and English HMM-based synthetic 
voices, implemented in the MARY TtS platform. Fifteen native Greek participants 
were asked to assess eleven emotional states for each sentence.  

According to Schröder’s results [11] we expected that the best perceived dimen-
sion is “Arousal” followed by “Pleasure”. In the same study the “Dominance” dimen-
sion was not investigated. The preliminary results indicated that “Arousal” dimension 
was perceived as intended by the participants for both Greek and English pseudo-
sentences. “Pleasure” and “Dominance” dimensions were not perceived as accurately 
as “Arousal”. A noticeable result was that Greek pseudo-sentences in the “Pleasure” 
dimension with positive values were perceived as negative. In contrast, the neutral 
state for both “Pleasure” and “Arousal” in the Greek version was perceived correctly 
(especially the first pseudo-sentence). 

The proposed experimental approach can also be applied to the study of the degree 
of speaker’s emotional state perception, combining the semantic channel (emotions 
deriving from text’s content) and expressive speech synthesis (ESS). Furthermore, a 
future implementation would be the adaptation of interaction during the experiment 
e.g. blind and/or low-vision participants using the haptic modality. This would facili-
tate to investigate how participants with visual impairment, including blindness, 
perceive the emotional states through the acoustic channel, using prosodic variations 
and/or content’s semantic information. 
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