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�Abstract

In order to adapt a dialogue-system to its users and their needs, the information provided by the speech of the user constitutes useful input for a model of the user. Generating an adequate systemís response involves synthesizing speech in an appropriate expression style. This paper focuses on methodological issues concerning the study of speech variations conveying emotion and attitude. First, such a study considered in the context of spoken communication involves expression as well as perception. It is argued that production studies are optimally supplemented with perception studies. Second, it is argued that interpreting speech data in the framework of a model of intonation provides a methodological background for investigating intonation phenomena conveying emotion and attitude in speech, against the background of intonation phenomena relevant to speech communication.  Finally, an example illustrating the proposed methodology is presented. 

1   Introduction

Communication is not merely an exchange of words. Linguistic elements, paralinguistic elements, and non-verbal communicative elements such as facial expressions, co-speech gestures, non-speech sounds (clicks, sighsÖ) are part of the communication, and all convey meaning. Different prosodic cues, such as variations in pitch, intensity, speech rate, rhythm, and voice quality are available to speaker and listener in order to encode and decode the full spoken message. In addition to fulfilling a linguistic function such as to structure discourse and dialogue, and signal focus, prosodic cues provide information such as the speakerís gender, age and physical condition, and the speakerís view, emotion, and attitude towards the topic, the dialogue partner, or the situation. Prosody can add information to the strict linguistic content of the message or even modify the meaning of the literal content. Indeed, all the information contained in the speech contributes to the interpretation of the message. In this paper, prosodic variation conveying the expression of emotion and attitude in speech will be discussed. While considering speech expressing emotion and attitude, the focus will be on modeling intonation. Moreover, the intonation conveying emotion and attitude will be considered here in the context of speech technology. 



Speech technology is a field in evolution. Retrospectively, the main concerns of this field were to synthesize intelligible speech, and to attain a high proportion of correct word identification in automatic speech recognition. As to speech synthesis, people only considered the use of speech technology in a rather limited set of situations; indeed the perspectives were more in line with development of reading machines than with the design of dialogue systems. With time and the development of our technical skills, our views on the use of these technologies have changed, and our expectations have grown towards diversified applications involving speech technology. The growth of Internet, for instance, and the informal style of communication it allows have led to modifications of our wishes and motivations. Expectations towards speech technology now include dialogue systems allowing human-machine interactions. For adequate interactions, an interpretation of meanings is needed as well as an adaptation of the system response to the behavior of the human user. By including emotions and attitudes in models of the user, one could take the userís mental state into account in such dialogue systems. This way, the message contents, as well as the style of the user-system interaction could be adjusted to the specific user (Lisetti, 1999; de Rosis and Grasso, in press). Robustness to different types of speech variations is also expected from recognition systems. All together, there is an increased awareness that we will have to cope with speech variability. Correspondingly, the speech materials studied have changed over time, reflecting these increased expectations. At first, a rather ìstandardî type of speech has been studied. It was mostly read-aloud speech, often in the rather declarative style employed by a newscaster. Present studies more frequently investigate spontaneous speech, and tend to involve a certain variety of speech styles, including, for instance, emotional speech. Moreover, synthetic speech is nowadays found to be readily intelligible. However, its lack of variability seems to remain the main obstacle to its more general use. Evaluations often point to the lack of proper prosody in synthetic speech, which seems to lead to uninvolved and unnaturally sounding speech. Especially now that synthetic speech is rather easily understandable, efforts are more often directed towards generating prosodic variation. Indeed, it is presumed that adding variation to synthetic speech in a proper way would enhance its naturalness and its acceptability. Moreover, even if the synthesis of emotionally colored speech can be considered as a goal, it can, at the same time, be used as a research tool (e.g., Carlson, 1991; Beckman, 1997).



Generally speaking, the study of speech is considered to be an interdisciplinary field of research. However, considering the more specific study of speech conveying emotion and attitude, especially in the light of the present expectations towards speech technology, seems to enhance this interdisciplinary aspect. In fact, such a study constitutes a true meeting point of various disciplines. The field of our interests has even progressively enlarged correspondingly to our ambitions towards speech technology applications. The topic constitutes a crossroad of diverse disciplines such as linguistics, psychology, neuro-psychology, phonetics, ethnology, cognition, artificial intelligence, acoustics, physiology, and information technology. Consequently, specialists of various disciplines are involved in this field of research, which is at the same time enriching and resulting in the coexistence of different approaches reflecting traditions of research in these different areas. Approaches are different, notions involved and parameters studied vary, material and measures differ, theories have different grounds, and even motivations for performing the studies are different. This tends to make comparisons among studies quite difficult. However, in order to facilitate the mutual enrichment of interdisciplinarity, it seems important to clarify what is the specific contribution of a particular field. In this paper, an attempt is made to shed light on the type of contribution proposed by the tradition of intonational study to the study of the expression of emotion and attitude in speech. This will be done in this paper by discussing methodological issues, before illustrating them with a sample study. 

2   Emotional speech

A first step in the study of expressive speech would be to determine what ëemotional speechí is. Intuitively, emotional speech could be defined as speech produced while the speaker experiences an emotional state, and/or as speech in which a listener perceives signs of the emotional state of the speaker. However, this remains a poor definition as long as there is no commonly accepted definition and taxonomy of emotion. The variety of labels used in studies focusing on intonation in emotional speech reflects the difficulty encountered. Typical labels include joy, sadness, anger, fear, disgust, boredom, surprise, interest, reproach, doubt, disappointment, politeness, friendliness, rudeness, suspicious irony, incredulous question, interrogation, and exclamation. Studies in this field mainly focus on the prosodic phenomena accompanying the verbal expression in speech and not on the psychological side of the matter. In this context, the term ëemotioní covers a large variety of expressions including notions such as emotion, attitude, intention, feeling, and even sentence type. 



Emotions can be viewed as characterized by progressive, smooth transitions (Schlosberg, 1954) in terms of gradual distances on dimensions such as pleasant/unpleasant, novel/old, consistent/discrepant, control/no control. The intensity of the emotions expressed in speech can be processed in these terms (e.g., Uldall, 1972).  However, emotions are mostly considered as discrete categories. This view allows the use of identification paradigms. Different lists of emotions have been proposed by different authors (e.g., Izard, 1977; Plutchik, 1980; Ekman, 1982; Frijda, 1986), and sometimes successively by the same author. If the main focus is on the psychological side of the matter, the lack of definition and taxonomy of emotion is a serious methodological matter. However, if one is mainly focusing on the prosodic phenomena accompanying the meaningful expression in speech, this lack of definition, while remaining an issue, does not necessarily constitute an insurmountable methodological difficulty. Empirically based lists of relevant notions can be used, either involving notions considered useful in the context of verbal user-system interactions, or based on the ability of subjects to rely on empirically based notions. Speech material can be used, in which subjects perform a high percentage correct identification of the emotion or attitude while relying on their mental representation of the notion. If the intention is mainly to process speech for its use in speech technology applications, an approach consisting of making an empirically based list of relevant notions in the context of verbal user-system interactions could be appropriate. Those notions might partly overlap with emotions, but will certainly also include notions that canít strictly be considered to be an emotion. Whichever way the selection of emotion categories presently occurs, this choice remains inexorably related to the aim of the studies. Whether this should be considered natural or inconvenient is related to the field of tension existing between our wish to record large databases suited for multiple purposes, and our desire to obtain speech material adequate for achieving the particular aims of a study. 



In the context of investigations specifically concerning speech, one of the motivations for studying emotional speech is that this material presents a large scale of variations. These variations can also be relatively important in terms of parameter values. Such material lends itself for investigations aiming at acquiring knowledge on the processes of production, transmission and perception of speech. Provided that the research is conducted in the framework of a model of intonation, it is appropriate material for checking the validity of theories of intonation, or theoretical assumptions. This can be done verifying whether such theories and assumptions can be applied to speech presenting extreme variations. Another motivation for this type of investigations is that in emotional speech, the acoustic variations are pre-supposedly linked with physiological changes, so that studying the variations leads to an investigation of the correspondence between physiological phenomena (i.e. muscular tension, bodily posture, and breathing pattern), and their acoustic correlates. Finally, it seems desirable to distinguish between the expression of physiologically conditioned states, and the expression of more cognitively related attitudes, before ultimately extending the field of investigation to all meaningful speech variability. 

3 Intonation conveying emotion and attitude

Various studies stated the importance of intonation as a medium for expressing emotion in speech (e.g. Williams and Stevens, 1972; Cosmides, 1983; van Bezooijen, 1984; Cahn, 1990; Kitahara and Tohkura, 1990). The present section discusses methodological considerations relative to the approach of intonation in the context of investigations concerned with how prosody conveys emotion and attitude. The importance of supplementing production studies with perception studies is stressed, and the advantages of considering such studies in the theoretical framework of a model of intonation. In the final part of this section, an example is given, exploiting these two methodological points. 

3.1 Complementary studies of production and perception 

In the context of a user-adapted spoken interaction, the processing of speech needs to be performed from user to system as well as from system to user. It matters that an approach of prosodic variations allows their bi-directional processing. In this context, supplementary studies of production and perception are felt to be a necessary prerequisite for establishing the communicative significance of the investigated speech parameters. This need for a combination of production and perception studies, in order to make progress in understanding emotional vocal communication, was already expressed, for instance, by Scherer (1991). 



A perception study can show the communicative significance of the variability found in the production studies. Note however that a certain type of variation can be perceptually relevant, while not systematically showing up in the production data. In such a case, a perception test can reveal the communicative effect of a variable, even if the statistical significance of its effect was not reached in the production study. By keeping these variables constant in perception studies, the communicative effect can be shown to be significant. Indeed, in human speech, the efficient use of a particular parameter can allow the relaxation of another one. That other parameter can be potentially relevant. On the other hand, the perceptual relevance of a cue that can be observed in a production study may be obscured in a perception study by the experimental set-up or the effect of another cue. Alternatively, the cue can simply be relevant to an aspect of the communication process other than the one studied. Ultimately, as already stated by ít Hart et al. (1990), the correspondence of results obtained in the production and perception studies firmly establishes the communicative importance of the parameters being studied.



The approach proposed in the present paper supplements studies of production with studies of perception, in order to determine how prosody conveys emotion. A logical first step in this investigation is to carry out a production study, in which regularities and systematic differences occurring in speech conveying emotion and attitude are observed, and hypotheses are induced. Speech parameters with relatively large effects are investigated first. Showing evidence of the relevance of the small effect of a variable may require the analysis of a large amount of speech material. However, demonstrating the relevance of the large effect of a variable can be done with considerably less speech material, provided that the communicative relevance of this effect is checked in a perception test. A next step may aim at generalizing results that were obtained with a limited amount of speech material, by carrying out a production study involving more speakers. Such a study would be more concerned with inter-speakers variability, and would attempt a better description of smaller effects. Again, the perceptual relevance of the variables for conveying emotion or attitude in speech has to be established in a perception study. 

�The approach proposed is thus iterative, and consists in alternating production studies and perception studies, while increasing the level of detail of the observations. First, it can be used at the global level of the whole utterances, in order to deal with rather large effects. Then, it can be applied at a more local level, considering variations occurring within utterances. 

3.2 Framework of a model of intonation

Intonation models are an expression of our need of theories of intonation as a basis for studying speech in a constructive way. They constitute a tool for representing and interpreting relevant data. Therefore, intonation models are meant to structure the data, perform a data reduction, formalize the description of intonation, facilitate control of parameters and generalization of study results. 



Carrying out an investigation within the framework of a model of intonation allows for controlling parameters. Therefore, it enhances the systematic aspect of procedures, and allows for testing whether the specific model can be considered adequate for processing emotional speech. If an investigation is conducted in the framework of such a model, its results can additionally lead to confirm the usefulness of the corresponding approach of intonation or to refute assumptions underlying the model in question. As discussed above, emotional speech lends itself quite well for this purpose.



Moreover, considering intonation data concerning emotional speech within the theoretical framework of approaches to intonation helps us understanding which meaningful variations convey emotion in speech. Obviously, trying to position the speech variations conveying emotion in speech among all speech variations contributing to oral communication is largely an unsolved issue.



Models of intonation

Two main distinctions can be made between models of intonation, all trying to account for those aspects of the F0 curves that are relevant to speech communication. In the first type of model, F0 curves are considered as the superposition of relatively fast pitch movements on a slowly declining line. Such models are called two-component models of intonation. One component, representing the global aspect of the pitch curve, relates to pitch level, while the other one, representing the size of more local F0 fluctuations, relates to pitch range. The second type of intonation models performs the modeling with a single component. Another distinction is that some models attempt describing the whole pitch curves, while others model phonologically representative F0 targets.



In the illustrative example of study presented in the next section, a specific model of intonation that was developed at the Institute of Perception Research (IPO), i.e., the IPO model, is employed. The IPO approach to intonation is an experimental-phonetic one (ít Hart et al., 1990). The IPO model is a two-component model of intonation treating whole contours as combinations of straight-line segments, each segment corresponding to a single pitch movement. In this model, the end point of the declination line represents the pitch level, while the excursion size of the pitch movements represents the pitch range. In the most basic version of the model, the excursion size of the pitch movements is considered to be constant throughout the utterance, so that pitch contours could also be described with a lower declination line, or baseline, and an upper declination line, or topline, between which the pitch movements are realized. The overall excursion size of the pitch movements then equals the distance between the lower and the upper declination line. Perceptually oriented, the IPO model performs a data reduction, using perception as a filter in order to avoid modeling variations that are not relevant to perception, and therefore not relevant to communication. This reduction of data is realized by a simplification of the F0 curve, retaining all and only the perceptually relevant pitch movements in the utterances. Such a simplification is called a close-copy stylization of the original F0 curve.

3.3   Illustrative example

The illustrative study described in this section was carried out keeping in mind the considerations formulated above about supplementary studies of production and perception of speech conveying emotion and attitude, as well as considerations about the theoretical background provided by the use of a model of intonation as a framework for the investigation of emotional speech. 



Mozziconacci (in press) investigated intonation in production and perception of Dutch speech conveying six emotions or attitudes: joy, boredom, anger, sadness, fear, and indignation, against neutrality as a reference. In the first stage of the study, 315 utterances (3 speakers ( 5 sentences ( 7 emotions ( 3 trials) successfully conveying emotion in speech were selected as speech material. This selection was made on the basis of a perception test. An analysis of subset of fourteen utterances (1 speaker ( 2 sentences ( 7 emotions ( 1 trial) successfully conveying the emotion categories was carried out, involving, at the utterance level, the global measures pitch range, pitch level, and speech rate. The course of pitch in all individual utterances was described in terms of the IPO model of intonation. Optimal values were sought at utterance level, for the global parameters: pitch level, pitch range, and speech rate. These values were derived for the generation of emotional speech from a neutral utterance. The measurements obtained in the production study were used as a source of inspiration for speech manipulations. A series of perception experiments was conducted in which pitch level, pitch range, and speech rate were systematically varied, per emotion, around the values found for these parameters in the original speech. In the first perception experiments, subjects ranked the utterances they found best for the expression of a specific emotion. On the basis of the results, optimal values for pitch level, pitch range, and speech rate were derived for the generation of emotional speech from a neutral utterance. These values were then perceptually tested, in experiments in which subjects labelled utterances with the name of one of the seven emotions. These identification experiments involved resynthesized speech, before involving rule-based synthetic speech. 



Summarizing, the perception study involved tests with natural speech, manipulations of natural speech through analysis-resynthesis, and synthetic speech, successively. In this study, analysis, synthesis, and manipulation by means of analysis-resynthesis were carried out within the framework of a specific model of intonation, i.e., the IPO intonation model.



Percentages correct identification of emotion categories are reported in Table 1 for three types of stimuli, used in three different experiments: speech featuring values as in natural speech, speech generated by manipulating pitch level and pitch range of natural utterances, and rule-based synthetic speech involving rules for pitch level, pitch range, and speech rate. Considering that in this type of study, a typical percentage of identification of emotion in natural speech is approximately five times higher than chance (Siegwart, 1995), i.e., here 14.3, the results can be considered acceptable, and the intonation model that was used can be considered adequate for the purpose of that study. Applying the values that were found optimal, onto synthetic speech, lead to a good identification of the emotions, namely 63% correct identification. Considering the results, the intonation model used here can be considered appropriate for conveying emotion in speech. 



Table � SEQ Table \n �1�. Percentage correct identification of the emotions

�neutr�joy�bored�anger�sad�fear�indign�mean��Close-copy�85�62�92�32�97�60�85�73��Manip. of pitch�level and range�67�72�85�42�75�42�77�66��Rule-based�diphone synthesis�83�62�94�51�47�41�68�63��

Moreover, it was speculated that other such intonation models would also be adequate for use in this type of investigations. Indeed, Higuchi et al. (1997) also carried out an experiment seeking optimal values for pitch level, pitch range, and speech rate. This time, the framework of Fujisakiís model of intonation (Fujisaki, 1991) was used for the analysis as well as for the synthesis of speech. The results, yielding high percentage identification of the speaking styles confirm the adequacy of this model for describing and generating speech deviating from the expression of neutrality.



For a more detailed investigation of pitch variations, Mozziconacci (1998) also conducted a combination of production and perception studies. In order to study the fluctuations of F0 occurring within utterances, the F0 curves of emotional speech produced by three speakers were analyzed by means of pitch measurements at a number of fixed points chosen in the utterances. It appeared that utterances produced while conveying different emotions could vary considerably with regards to the local prosodic features: relative height of the pitch accents, and the extent of final lowering. In a perception study, the relevance of these differences was put to the test. Finally, measurements of relative duration of accented and unaccented speech segments were made, in order to acquire some insight into the internal temporal structure of emotional utterances. Similarly, the perceptual relevance of separately stretching or shrinking speech segments within utterances was then questioned.



Successively involving natural speech, re-synthesis of speech allowing manipulations of natural speech, and rule-based synthesis of speech, while supplementing production studies with perception studies, appeared to constitute a valuable methodological background for an investigation of prosodic variables conveying emotion and attitude in speech. 

4   Discussion

It has been argued that an approach of speech conveying emotion and attitude in speech should involve production studies as well as perception studies, and would optimally be conducted in the theoretical framework of an intonation model. In such an interdisciplinary field of research, merely carrying out analyses of speech followed by statistical analyses might not be the most rewarding approach. The need to process speech variations bi-directionally leads us to supplement production studies with perception studies, in order to test the communicative significance of variables used in speech conveying emotion or attitude.



Emotional speech is an excellent example of speech material containing a lot of variations. These variations are of different types, i.e., variations in pitch, in speech tempo, rhythm, voice quality, loudness, and articulation/pronunciation. These speech variations can be of a considerable size. Therefore, a study considering speech variations as extreme as the ones occurring in the expression of emotion, is a source of opportunities for confronting measurement procedures and models commonly used in prosodic studies, with speech samples displaying a wide range of variations. 



A model of intonation appeared to constitute a useful theoretical framework for processing intonation variations in a comprehensive manner. It enhances the degree of control of parameters under study, which is of benefit to the methodology. It makes it possible, at the same time, to make progress in modeling the variability conveying the expression of emotion in speech, and to check the validity of models. If a model is found to be adequate for the description of the variations perceptually relevant to the expression of emotion in speech and for the re-synthesis of the emotional speech, its adequacy can be confirmed. On the other hand, if the model appears either to be insufficient for describing speech variations or for re-synthesizing emotional speech, then the consideration of how to modify the model can contribute to our understanding of speech variation.



Finally, prosodic parameters fulfill various functions such as structuring the discourse, providing cues on turn-taking in dialogue, lending prominence, indicating the phrasing of sentences, and contributing to speaker identity. In the context of speech technology, the information conveying emotion and attitude has to be integrated with these functions of prosody. Hence, from this point of view, it seems appealing to include a broader range of meaningful speech variations in our studies of intonation, and to process expressiveness and meaning.

References

Beckman, M. E. (1997). ìSpeech models and speech synthesisî. In: J. P. H. van Santen, R. W. Sproat, J. P. Olive, and J. Hirschberg (Eds.) Progress in speech synthesis, Springer-Verslag, New-York, 185-209.

Bezooijen, R. A. M. G. van (1984). The characteristics and recognizability of vocal expression of emotion. Foris, Dordrecht, The Netherlands.

Cahn, J. E. (1990). Generating expression in synthesized speech. Technical report, MIT Media Lab., Boston.

Carlson, R. (1991). Synthesis: modelling variability and constraints, Proceedings Eurospeechí91, Genova, Italy, 3, 1043-1048.

Cosmides, L. (1983). ìInvariances in the acoustic expression of emotion during speech,î Journal of Experimental Psychology: Human Perception and Performance, 9, 864-881.

Ekman, P. (1982). Emotion in the human face, second edition. Cambridge University Press, New York.

Frijda, N. H. (1986). The emotions. Cambridge University Press, Cambridge, England.

Fujisaki, H. (1991). Modeling the generation process of F0 contours as manifestation of linguistic and paralinguistic information. Proceedings XIIth ICPhS, Aix�en�Provence, France, supplement, 1�10.

Hart, J. ít, Collier, R., and Cohen, A. (1990). A perceptual study of intonation. Cambridge University Press, Cambridge. 

Higuchi, N., Hirai T., and Sagisaka, Y. (1997). ìEffect of speaking style on parameters of fundamental frequency contourî. In: J. P. H. van Santen, R. W. Sproat, J. P. Olive, J. Hirschberg (Eds.) Progress in speech synthesis, Springer-Verslag, New-York, 417-428.

Izard, C. E. (1977). Human emotions. Plenum Press, New York.

Kitahara, Y., and Tohkura, Y. (1990). The role of temporal structure of speech in word perception and spoken language understanding, Proceedings ICSLP 90, Kobe, Japan, 1, 389-392.

Lisetti, C. L. (1999). A user model of emotion-cognition, Proceedings of the workshop on attitude, personality, and emotions in user-adapted interaction, at the 7th International Conference on User Modeling (UMí99), Banff, Canada.

Mozziconacci, S. J. L. (1998). Speech variability and emotion: Production and perception. Ph.D. thesis, Technical University Eindhoven.

Mozziconacci, S. J. L. (in press). "Modeling emotion and attitude in speech by means of perceptually based parameter values", Special Issue on User Modeling and Adaptation in Affective Computing of the journal UMUAI: "User Modeling and User-Adapted Interaction".

Plutchik, R. (1980). Emotion: a psychoevolutionary synthesis. Harper & Row, New York.

Rosis, F. de, and Grasso, F. (in press). ìAffective natural language generationî. In: A. Paiva (Ed.), Affect in interaction, Springer LNAI Series, in press.

Scherer, K. R. (1991). ìEmotion expression in speech and musicî. In: J. Sundberg, L. Nord, and R. Carlson (Eds.), Music, language, speech, and brain, Wenner-Gren Center International Symposium Series, MacMillan, London, 146-156.

Schlosberg, H. (1954). ìThree dimensions of emotion,î Psychological review, 61, 81-88.

Siegwart, H., and Scherer, K. R. (1995). ìAcoustic concomitants of emotional expression in operatic singing: the case of Lucia in Ardi gli incensi,î Journal of Voice 9 (3), 249-260.

Uldall, E. (1972). ìDimensions of meaning in intonationî. In: Bolinger, D. (Ed.), Intonation, Penguin, Harmondsworth, England, 250-259.

Williams, C. E., and Stevens, K. N. (1972). ìEmotions and speech: some acoustical factors,î Journal of the Acoustical Society of America, 52, 1238-1250.






