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Abstract
If prosody is the technical term for tone of voice, attitudinal prosody should refer to how the tone of voice communicates information about the speaker's attitude. Yet it is still unclear whether attitudes are sufficiently distinct from emotions to be communicated through prosodic cues. This essay will suggest that attitudinal prosody can indeed be distinguished from emotional prosody. To this end, the literature concerning the conceptual distinctions between attitudes and emotions will be reviewed. The essay will then summarise recent neurocognitive evidence from clinical studies, neuroimaging, and electroencephalography concerning the correlates of attitudinal prosody. It will conclude with suggestions for further study, given the relatively scant research in this area.
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Introduction
[bookmark: _Hlk143805356]Social harmony greatly depends on how well people communicate with one another. Successful communication, in turn, depends on the ability to understand both verbal and nonverbal cues. Though a good amount of information can be transmitted through the sheer meaning of words, subtler and arguably more crucial information can be communicated through nonverbal elements. In particular, the tone of voice contributes contextual information that helps a listener discern not just the speaker’s meaning but the speaker’s intentions as well (Cole, 2015; Wilson and Wharton, 2006). The technical term for tone of voice is “prosody”, and it has been described as referring to “suprasegmental aspects of speech that are paralinguistic” (Mitchell and Ross, 2013, p. 471). Behrens (1985, p. 332) called it “the melody of speech”, indicating through this metaphor that prosody encompasses the more “musical” aspects of spoken language, such as rhythm, stress, intonation, amplitude, tempo, timbre, fundamental frequency, and, perhaps most importantly, pitch. Prosody is an essential cue for grasping the meaning of speech, since most language is ambiguous, admitting of more than one meaning, and humans may have evolved to let out their true feelings and intentions in this way (Turner, 2002).  Monrad-Krohn (1947) specified four categories of prosody. Intrinsic prosody refers to prosody that identifies the linguistic characteristics of speech, such as the distinction between a question and a statement. Intellectual prosody concerns the speaker’s intellectual stance towards the information being conveyed. This category encompasses what may be called attitudinal prosody, which describes how prosodic cues reveal people’s beliefs and attitudes. Emotional prosody indicates how emotions are communicated by tone of voice. Finally, inarticulate prosody refers to sub-linguistic sounds which, though nonverbal, add contextual information to discourse (including such exclamations as “oh!”, “ah”, etc.). This essay aims to examine the neurolinguistics of attitudinal prosody. Specifically, this essay will review linguistic and neurocognitive evidence for attitudinal prosody as an important element of human communication.
Attitudinal Prosody: Is There Such a Thing?
Attitudinal prosody has often been classified with emotional prosody under the title of affective prosody, both being treated as indistinguishable from each other (Blanc and Dominey, 2003).  Indeed, these forms of prosody share certain features and possibly recruit similar neural pathways (Wickens and Perry, 2015). This is not surprising because emotions and attitudes are intertwined with each other. Yet there seem to be important conceptual differences between them. Attitudes, for one, are the dispositions of a person towards a thing, another person or group of people, an event, or some other phenomenon (Mitchell and Ross, 2013). Emotions, however, have been defined as mental experiences “with high intensity and high hedonic content” (Cabanac, 2002, p. 69). In other words, attitudes refer to a person’s intellectual “stance” or “posture” towards a subject or object, whereas emotions reflect a person’s affective state. Now, this distinction is not so clear-cut, because attitudes often go together with emotions, and vice versa. But it would not be accurate to speak of irony, for example, as an emotion; nor of doubt, deception, or confidence. The ways of being described by these concepts are intentional; that is, they reflect a person’s attitudes towards others. Thus, one could claim that while emotions refer to feelings, attitudes concern beliefs or behaviours (Wickens and Perry, 2015). For example, Mary is being sarcastic towards Lisa because she feels angry with her. Attitudes are also more enduring than emotions. This is probably because they are indicative of entrenched beliefs, whereas emotions are somewhat fleeting, often being driven by specific situations (Scherer, 2003). Furthermore, theorists have pointed out that emotions tend to be the involuntary expressions of more deliberate and socially-controlled attitudes (Aubergé, 2002).
[bookmark: _Hlk143805250]In addition to these conceptual distinctions, although attitudinal and emotional prosody both rely on a limited range of vocal cues, particularly pitch, emotional prosody seems also to depend more on timbre (i.e., harshness or softness) and attitudinal prosody on “prosodic contour” (i.e., the modulation of rhythm; Scott et al, 2010). Other particularly important acoustic indicators of attitudes include amplitude and loudness (Mitchell and Ross, 2013). Confident speech, for example, is characterised by loudness and a steady rhythm. By contrast, a lack of confidence betrays itself by halting pace and heightened pitch (Monetta et al, 2008). Similarly, rising and falling intonations are associated with agreement and disagreement respectively (Gussenhoven, 2004; Juslin and Laukka, 2003). Whether prosody conveys an attitude or an emotion sometimes depends on the context. For example, slight changes in stress and fundamental frequency, in addition to contextual clues, can indicate that the speaker is either surprised or impressed (Cruttenden, 1986). A mismatch between these vocal features and the context sometimes creates unintended effects. Thus, attitudinal prosody may create a “diffuse impression of friendliness, condescension, nervousness, etc., which may never surface to consciousness” (Wilson and Wharton, 2006, p. 1565). 
Attitudes commonly communicated by prosody include curiosity, disagreement, puzzlement, incredulity, suspicion, and belief (Morlec et al., 2001). Speakers may modulate vocal rhythm, intonation, or pitch to indicate that they are speaking the truth and should be trusted. They may also evince vocal signals of affiliation, or demonstrate respect towards their interlocutors (Pell, 2006). Some researchers, however, have claimed that prosodic features indicate only affect but not specific attitudes (e.g., Mozziconacci, 2001). Though this stance is understandable, given the difficulty in disentangling emotions from attitudes, it does not seem to account for many aspects of human social communication. Moreover, prosody has been identified as an important indicator of attitudes in diverse social situations (Jiang and Pell, 2017; Mauchand et al., 2020). 
[bookmark: _Hlk129862645]Concerning ironic attitudes, specifically, Bryant and Fox Tree (2005) argued against there being such a thing as an ironic tone of voice. Ironic attitudes are communicated through a deliberate mismatch between the surface meaning of an utterance and its underlying or real meaning (e.g., sarcastic comments). Bryant and Fox Tree suggested that prosodic features become important for recognising irony only when other contextual information is missing. For hostile irony (or sarcasm), however, significant prosodic effects have been pinpointed. In the English language, it appears that, relative to other expressions of attitudes, sarcastic statements are characterised by decreased fundamental frequency, decreased variation in frequency, coarser timbre, and an attenuated pace (Cheang and Pell, 2008). Besides, Macuchand et al. (2020) examined irony comprehension by presenting listeners with compliments and criticisms and asking them to rate the attitude of the speaker.  The researchers discovered an asymmetry in the perception of ironic attitudes compared to literal attitudes, such that people judged ironic compliments (or teasing) as less friendly than literal compliments, and ironic criticisms as less hostile than literal criticisms. That the contrast between both attitudes was communicated solely by prosodic variations suggests that prosody does allow listeners to distinguish between different kinds of irony. 
The Neuroanatomy of Attitudinal Prosody
Given the degree of overlap between emotional and attitudinal prosody, it is reasonable to suspect that they recruit similar brain structures and networks (Mitchell and Ross, 2013). The influential multi-stage model of emotional language processing identifies three broad processing stages (Kotz and Paulmann, 2011). In the first stage, around 100 milliseconds (ms) after the onset of vocal input, initial acoustic properties (e.g., pitch) are extracted and analysed; this stage involves the activity of bilateral auditory cortices (Kotz and Paulmann, 2011). During the second stage, vocal input can be distinguished in terms of its affective relevance. Indeed, it has been shown that as early as 200 ms post-acoustic onset, emotional prosodies are discernible from one another and from neutral ones (Paulmann, 2016). This second stage is thought to recruit the right anterior superior temporal gyrus and sulcus (Jiang and Pell, 2015). The final stage of processing, in contrast to the earlier ones, involves “higher-level” cognition, particularly the integration of contextual information with other sources (e.g., prosodic, semantic, and syntactic cues). This late stage, which occurs around 400 ms after the presentation of auditory input, primarily involves the bilateral inferior and orbitofrontal cortex (Paulmann, 2016). Mitchell and Ross (2013) speculated that this late stage is when the processing of attitudes deviates from emotional processing. They also suggested that the two early stages are more or less similar no matter what kind of prosody is involved; it is only at the latter stage that specific emotions and attitudes can be identified. This would imply a close similarity, if not actual correspondence, of attitudes with complex emotions that require higher cognitive processes to disentangle (Wickens and Perry, 2015). Further research would be required to tease out the differences between attitudes and emotions in this late processing stage. 
A few studies have directly investigated attitudinal prosody in clinical populations. These generally suggest a strong role of the right hemisphere. For example, patients with a lesion in their right hemisphere (RH) have shown difficulty in inferring politeness using politeness or confidence cues from sentences (Pell, 2006).  Pell (2007) also studied the processing of speaker attitudes from a group of patients with RH lesions. The patients were presented with two kinds of stimuli. In the linguistic task, the patients were presented with spoken sentences that provided clear lexical signals of confidence (e.g., surely, perhaps, most likely). In the prosody task, they heard pseudo-sentences that portrayed various degrees of confidence by modulating prosody. The results showed that the RH patients were comparatively worse than healthy controls (HC) at distinguishing degrees of confidence from prosodic cues (Pell, 2007). In another experiment, RH patients heard sentences that adjusted different levels of politeness by using either lexical-semantic cues or prosodic features alone. Compared to HC, the patients with RH damage were significantly worse at recognising the speaker’s level of politeness (Pell, 2007). These findings, however, should be interpreted with caution due to the study’s relatively low sample size. Moreover, only healthy controls were used in Pell’s study; further research will need to use patients with other patterns of damage to demonstrate a double dissociation. Patients with epilepsy in the right posterior superior lateral temporal cortex have also shown significant impairment in their ability to identify speaker attitudes from prosody (Tompkins and Mateer, 1985). These studies suggest that the processing of attitudes, like that of emotions, may be mediated by the right hemisphere. Other brain areas seem to serve important functions in the detection of attitudes from speech. Basal ganglia, for example, have been linked to the processing of attitudinal prosody. Monetta et al (2008) studied attitude detection in people with Parkinson’s Disease (PD), a condition characterised by basal ganglia dysfunction. The patients listened to pseudo-utterances and rated the confidence and politeness levels of speakers. The PD patients were markedly less able than HC to differentiate between different levels of confidence. For politeness, PD patients performed almost comparably with HCs; however, they were less sensitive to low politeness (Monetta et al., 2008). Thus, damage to the basal ganglia seemed to impair the accurate detection of attitudes from prosodic cues—at least, for such attitudes as confidence and politeness. 
As Mitchell and Ross (2013) cautioned, the complex nature of attitudes makes it difficult to identify the functional neuroanatomy of attitudinal prosody from imaging studies. They hypothesised that any differences in the brain regions mediating emotional and attitudinal prosody are likely to be found in the frontal lobe. This hypothesis is in keeping with the results of their meta-analysis of neuroimaging studies, in which they found evidence for a bilateral temporofrontal network governing the detection of emotional prosody (Mitchell and Ross, 2013). Unfortunately, there have been virtually no imaging studies dealing directly with attitudinal prosody. This is a gap in the literature that needs to be filled. 
Similarly, there have been few attempts to investigate the link between prosody and attitude detection using electroencephalography (EEG). As briefly mentioned before, event-related potentials (ERPs) for various stages of emotional processing have been identified. Notably, the N100 signal has been interpreted as an index of early auditory sensory processing (Jiang and Pell, 2015; Paulmann and Kotz, 2008). The fronto-central P200 corresponds with emotion detection and has been known to distinguish emotion-laden speech from neutral utterances (Paulmann, 2016). There is evidence that the P200 signal amplitude differs between various kinds of emotion (Paulmann et al., 2013). Apart from these relatively early signals, a late positivity effect (typically P600) has been associated with higher cognitive processing in various contexts (Kolk and Chwilla, 2007; Regel et al., 2014). According to Mitchell and Ross (2013), this late positivity signal should serve to distinguish attitudinal prosody from other kinds of prosody. 
In this vein, Wickens and Perry (2015) sought to measure using EEG the differences between emotional prosody (anger) and attitudinal prosody (sarcasm). Anger and sarcasm are closely related, the latter frequently being a behavioural manifestation of the former. Wickens and Perry adopted the “prosodic expectancy violation” paradigm (Paulmann and Kotz, 2008), in which participants heard cross-spliced “syntactically matching and semantically neutral” sentences with a neutral beginning (He has) and either a neutral, an angry, or a sarcastic prosodic ending (a serious face; Wickens and Perry, 2015, p. 5). They compared the effect of task design by performing two experiments with different experimental tasks. In the first experiment, the participants were tasked to identify which attitude or emotion each sentence was conveying. There was, however, no significant difference in the processing of angry and sarcastic prosody in the early or late stages, although both differed from neutral prosody. In particular, both elicited an anterior positivity around 200 to 350 ms post-violation. On the other hand, a probe-verification task was used in the second experiment. Here, the participants were required to indicate whether a word displayed on a screen was present in the spoken sentence. The results of this experiment showed a difference in processing between angry and sarcastic prosody within the early negativity window (100 to 200 ms), with a greater negative amplitude for angry prosody. These results suggest that task differences may play a role in the processing of attitudinal prosody, but further studies are needed to make any stronger conclusions.
Suggestions for Future Study
	The foregoing has given some indication that attitudinal prosody, while interesting for its implications in human social communication, has hardly been systematically investigated. Further discoveries may prove that the differences between prosodies for emotion and attitudes are so slight that they cannot really be separated. But it will be premature to draw this conclusion until the topic has been deliberately studied. In particular, further attention should be dedicated to the conceptual definitions of attitudes and emotions, including the psychoacoustic overlap and differences between them. Furthermore, researchers should study the impairments in the perception of attitudes across clinical populations, given the paucity of research in this area. In addition, imaging studies (both fMRI and EEG) should specifically target attitudinal prosody perception in both clinical and healthy populations. Finally, as research confirms a substantial distinction between attitudinal and emotional prosody, efforts should go into developing corpora for attitudinal prosody that is comparable in range, size, and validity with those for emotional prosody (Mitchell and Ross, 2013).
Conclusion
This essay has discussed attitudinal prosody in an attempt to show that it is distinct from emotional prosody and worthy of study in its own right. To this end, I reviewed a body of research concerning the conceptual and theoretical definitions of attitudes, the psycholinguistic delineations of prosodic cues for attitude, the brain structures and regions involved in the processing of attitudinal prosody, and the electrical activity associated with that processing. The difficulty of clearly distinguishing between prosodies for attitudes and those for emotions suggests the need for further research into this important area.
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