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Abstract: Emotional prosody is integral to human communication and AI-driven affective technologies. A systematic re-
view is needed to clarify key findings and guide future research. This paper examines major frameworks and integrates re-
cent empirical advances in acoustic-perceptual mechanisms. The review aims to provide an overview of the main findings 
in emotional prosody research and to offer insights that may inspire future investigations. Further exploration of dynamic, 
culturally grounded, and multimodal perspectives will be essential in advancing the field.
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1. Introduction
Emotional prosody refers to the use of pitch, intensity, duration, and rhythm to convey emotional meaning in speech. 

It plays a key role in communication by conveying feelings that go beyond lexical content. Beyond its linguistic and 
educational value, it is vital to the development of AI technologies, such as emotion-aware speech recognition, expressive 
speech synthesis, and affective human-computer interaction systems. As an interdisciplinary field, the study of emotional 
prosody combines methods from phonetics, psychology, neuroscience, and computational modeling. Over the past decades, 
scholars have proposed many theoretical models to explain how emotions are encoded and decoded through vocal cues. 
Empirical studies have also explored the acoustic correlates of emotional speech and the perceptual mechanisms underlying 
emotion recognition across many languages and cultures. This paper reviews major theoretical models of emotional prosody 
and outlines key findings in acoustic and perceptual studies. Based on the summary and categorization of these studies, we 
propose insights and recommendations about future research directions in the field of emotional prosody.

2. Theoretical Models of Emotional Prosody
The exploration of emotional prosody starts with theories on emotion conceptualization and its link to vocal expression. 

Various models have been proposed to clarify how emotional prosody is produced and perceived. In this section, we will 
introduce four major models, including the discrete emotion model, dimensional emotion model, component process model, 
and integrative models of emotional prosody.

2.1 Discrete Emotion Model
The discrete emotion theory posits that a finite number of basic emotions such as happiness, anger, fear, sadness, 

surprise, and disgust are biologically hardwired and universally expressed through both prosody and facial cues [1]. These 
emotions are considered to be innate and evolutionarily adaptive, playing key roles in communication. According to this 
theory, each emotion is thought to have a distinct and recognizable prosodic pattern. For instance, anger is generally linked 
to higher pitch, greater vocal intensity, and faster tempo, while sadness tends to be conveyed through lower pitch, slower 
speech rate, and reduced energy [2]. This model has strongly influenced the early research on emotional prosody and remains 
widely used, particularly in the perception studies and affective computing, due to its clear structure and practical relevance. 

However, the emotional expression in natural speech is often more complex than these fixed categories suggest. The 
real-life emotional prosody frequently involves gradual transitions, overlapping states, and blends of multiple emotions, 
which cannot always be captured by a discrete classification. As a result, although useful, the discrete emotion model alone 
may not be sufficient to fully describe the richness, variability, and dynamic aspects of emotional prosody in the authentic 
contexts.

2.2 Dimensional Emotion Model
In contrast, dimensional theories describe emotions along continuous affective scales rather than discrete categories. 

Emotions are commonly mapped within a circular model defined by two main dimensions, with valence ranging from 
positive to negative and arousal from high to low [3]. In this model, emotions are arranged around a circle, with opposite 
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emotions positioned as direct opposites. For example, pleasure and displeasure are on opposite sides, as are excitement and 
depression. The dimensional model offers a more flexible way to capture emotional states. It allows for subtle gradations in 
vocal expression that discrete models may miss. Empirical evidence indicates that these dimensions are mirrored in prosodic 
features. High-arousal emotions such as anger and joy are generally associated with higher pitch and greater intensity. And 
low-arousal emotions like sadness tend to correspond with slower tempo and reduced energy [4]. The dimensional model 
also fits well with the acoustic analysis, facilitating the mapping of prosodic cues onto the affective space.

Nevertheless, dimensional models may fail to fully capture the qualitative distinctions between emotions that have 
similar levels of valence and arousal. The Studies using dimensional theories often focus only on the main emotional 
dimensions, neglecting other complexities in emotional expression. This simplification might not be able to fully grasp the 
nuances of emotions in speech.

2.3 Component Process Model 
Component Process Model (CPM) is often based on the appraisal theory. Unlike discrete emotion theories, the CPM does 

not assume that emotions correspond to a limited set of fixed, hardwired neural patterns. Instead, it views emotion episodes 
as having countless possible types. The nature of these episodes is determined by the pattern of appraisal results and the 
specific patterns driven by these recursively generated appraisal results over time. After an event occurs, individuals evaluate 
it on multiple levels, including its relevance, implications, impact on personal goals, coping potential, and significance 
regarding self-concept and social norms. These evaluations are carried out through a series of stimulus evaluation checks, 
and their outcomes typically lead to motivational effects. The emotional process also has a dynamic and recursive nature. 
The appraisal process is not a one-time event but continuously repeats as events change and appraisal results are updated, 
forming a dynamic unfolding of emotions. A key advantage of the CPM is its ability to predict the individual differences in 
emotional responses. These differences may arise from an individual’s subjective appraisal of events as well as innate traits 
and acquired tendencies [5]. Although the CPM is complex and poses challenges for empirical testing, it offers a richer and 
more psychologically grounded framework for understanding emotional prosody.

Each model offers unique theoretical value. Discrete models provide conceptual clarity through categorical labels like 
anger or joy, dimensional models offer a sense of emotional continuity, and the CPM based on appraisal processes link 
prosodic patterns to cognitive processes. While these models differ in scope and assumptions, they are not necessarily 
mutually exclusive. A single model often has limitations in accounting for complex emotional expressions in speech. 
Integrating these perspectives rather than relying on a single paradigm may better address the complexity of real-world 
emotional prosody.

2.4 Integrative Models of Emotional Prosody
In emotional prosody research, integrative models have emerged in recent years with the advancement of affective 

computing, automatic speech recognition, and AI-based speech interaction systems. These models place greater emphasis 
on practical applications, data-driven approaches, and multimodal integration. The Interactive Emotional Dyadic Motion 
Capture Database (IEMOCAP) is a widely used dataset for studying emotional expression, collected by the Signal Analysis 
and Interpretation Laboratory at the University of Southern California. As described by Busso et al. [6], this database 
provides not only categorical emotion labels but also dimensional ratings such as valence and arousal. This hybrid labeling 
system allows analysis of the emotional expressions from multiple angles. Additionally, the dataset includes detailed motion 
capture data covering head, facial, and partial hand movements. By capturing emotions elicited through spoken dialogue, 
the database offers more natural emotional expressions compared to traditional acted corpora. This supports the study 
of interactions across vocal, facial, and gestural channels, offering insights that enhance human-computer interfaces and 
emotion-aware systems.

Theoretical research on emotional prosody continues to evolve and refine. A promising future direction lies in bridging 
these theoretical frameworks with machine learning tools. By combining the categorical clarity of discrete models, the 
continuity of dimensional models, and the cognitive richness of component process models, researchers can leverage 
machine learning’s powerful data processing and pattern recognition capabilities. Such integration may lead to more flexible, 
accurate, and context-sensitive models for interpreting emotional prosody in real-world settings.

3. Acoustic and Perceptual Studies of Emotional Prosody
Research on emotional prosody has centered on two main areas. On the one hand, it has analyzed the acoustic features 

of emotional speech from the speaker’s view, including pitch, spectrum, and duration. On the other hand, it has also produced 
many results on the reception of emotional speech from the listener’s perspective. This section will focus on the researches 
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related to the acoustic features and perception of emotional prosody, summarizing key empirical findings from prior studies.

3.1 Advances in the Acoustic Features 
The exploration of acoustic correlates in emotional prosody has evolved through foundational studies to the development 

of standardized frameworks. Early work laid the groundwork by establishing clear relationships between vocal parameters 
and emotional expression. For example, Banse & Scherer [2] found that simulated emotions produced by professional actors 
show distinct vocal expression patterns. These patterns involve changes in F0, energy distribution, speech rate, and spectral 
features. Such vocal cues encode important aspects of emotion, including emotional intensity, valence, and emotional quality. 
Listeners are generally able to accurately infer emotions based on these cues. But some emotions are easier to recognize than 
others. For instance, hot anger and boredom tend to be more clearly conveyed through speech, while emotions such as shame 
and disgust are more difficult for listeners to identify correctly. This line of research has contributed to our understanding 
of how the emotional information is conveyed by vocal signals. Building on this foundation, the study [7] further examined 
the acoustic correlates of emotional prosody by analyzing speech samples expressing six different emotions. They extracted 
and analyzed 94 acoustical parameters from the speech data. The analysis revealed that each emotion has a specific and 
distinguishable acoustic profile. Aversive emotions such as rage, despair, and contempt were found to be characterized by 
higher amplitude, higher peak frequency, and increased noise levels compared to more hedonistic or pleasant emotions. 
These findings not only deepen our knowledge of the vocal expression of emotion but also provide a basis for comparisons 
between humans and other species. Collectively, these studies have identified the key acoustic features of emotional prosody 
and laid a robust empirical foundation for the subsequent research.

In recent years, the research has extended in both depth and cross-linguistic reach. However, the growing number of 
acoustic parameters and the use of different extraction methods have made it difficult to compare findings across studies. 
To address this issue, the GeMAPS has been developed. It has significantly advanced the fields of voice research and 
affective computing by providing a standardized set of acoustic parameters. According to Eyben et al. [8], this framework 
includes a minimal yet robust set of features. This approach improves the reproducibility of research findings and enhances 
the performance of automatic voice analysis systems. The use of a minimalistic feature set also helps researchers better 
interpret the mechanisms involved in the production and perception of vocal emotion. This is particularly important for the 
applications such as speech synthesis, emotion detection, and human-computer interaction. The introduction of GeMAPS 
marked a major step toward methodological consistency and has supported new advances in automatic emotion recognition.

The field now faces two main challenges. One is to continue refining standardized protocols. The other is to understand 
and incorporate the effects of individual differences and cultural factors. Future research may benefit from integrating 
multimodal data sources and developing models that balance universal acoustic patterns with individual features. This will 
help us gain a deeper understanding of the cognitive mechanisms behind emotional prosody and bring the research findings 
closer to real world emotional communication.

3.2 Studies on the Perception and Recognition
The perception of emotional prosody results from the interplay between biological predispositions and sociocultural 

learning. Cross-cultural studies have shown that basic emotions such as anger, sadness, and fear are universally recognized. 
A study [9] examined how emotions are expressed and recognized through vocal cues across four languages, including 
English, German, Hindi, and Arabic. This study recorded native speakers using pseudo-utterances to express six emotions and 
analyzed the acoustic features. Results showed that all emotions could be recognized above chance levels in each language, 
with anger, sadness, and fear being the most accurately identified. The study highlighted the importance of F0 and speech 
rate in conveying emotions. These results suggest that while the emotional communication is influenced by display rules 
and social cues, basic vocal emotions exhibit universal acoustic and perceptual attributes largely unaffected by language. 
Moreover, the large-scale investigations have further complicated the notion of universal acoustic-emotional mappings. van 
Rijn & Larrouy-Maestri [10] examined data from more than 400 speakers across 16 languages. They found the substantial 
variability in how emotions are mapped onto the prosodic features. The results suggest that individual, cultural, and gender 
differences often outweigh universal acoustic patterns, underscoring the complexity of modeling emotional prosody across 
diverse populations.

Neurally, emotional prosody processing involves a dual pathway model. Liebenthal et al. [11] indicate that a subcortical 
route, which includes the amygdala, enables rapid yet coarse emotion detection. This pathway permits the quick detection and 
processing of emotional cues in sounds. Meanwhile, cortical networks support more nuanced and complex semantic based 
emotional evaluations. For instance, facial emotion perception mainly relies on a fast route, whereas emotional perception 
in written words and spoken language depends more on indirect cortical pathways. Additionally, the research also found that 
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the brain prioritizes the process of emotionally salient information, enabling emotional language to be rapidly distinguished 
from neutral language at the neural level. Event related potential studies show that emotional non-verbal vocalizations such 
as screams, cries and laughter can be differentiated from neutral vocalizations within 150 ms of sound onset. This means a 
rapid auditory pathway that quickly enhances the processing of emotional vocalizations based on coarse acoustic cues like 
pitch and intensity. Understanding these neural dynamics and interactions is crucial for designing effective training and 
treatment programs to alleviate emotional dysfunction. 

Multimodal emotion recognition systems have attracted growing attention. The systems integrate multiple information 
sources such as speech, facial expressions, and text to improve the accuracy of emotion recognition. Mittal et al. [12] proposed 
the Multiplicative Multimodal Emotion Recognition (M3ER) model, which uses a novel data driven multiplicative fusion 
approach. By combining facial, textual, and speech cues, the model achieves precise emotion recognition. Its innovative 
multiplicative fusion and modality validation techniques enable higher accuracy and robustness in handling multimodal 
data, offering novel approaches for advancing emotion recognition research. M3ER also leverages the strengths of both 
categorical and dimensional emotion theories. It not only classifies emotions into discrete categories but also locates them in 
a continuous space, thereby offering more comprehensive recognition results.

These findings depict emotional prosody as a dynamic interaction between biological limitations and cultural support. 
Future research that integrates neuroimaging and cross linguistic comparisons could provide deeper insights into how 
genetic, neural, and environmental factors jointly shape this capacity. Such work may also inform interventions for affective 
disorders characterized by deficits in prosodic processing.

4. Conclusion and Future Directions
The study of emotional prosody has evolved into a multidisciplinary domain, involving phonetics, psychology, 

neuroscience, and computational modeling. Findings across the acoustic and perceptual studies highlight the multifaceted 
character of emotional prosody. Rather than yielding a universal mapping between emotion and prosodic form, current 
evidence points to a highly adaptive system shaped by linguistic background, sociocultural norms, individual speaker traits, 
and developmental factors. This variability calls for greater methodological coherence and more nuanced theoretical models 
that move beyond the static classifications. 

Looking ahead, the advancements in machine learning and neural signal analysis offer the potential to decode complex 
emotional states with greater temporal and individual sensitivity. Such tools could also help quantify prosodic features in 
large, cross-linguistic datasets. Besides, future studies should improve ecological validity by examining emotional prosody in 
natural, multimodal communication, including the interactions where speech is combined with facial expressions, gestures, 
and contextual cues. In conclusion, the future of emotional prosody research lies in its ability to bridge theoretical rigor with 
empirical diversity, and to build models that not only describe how emotions sound, but also explain why and for whom they 
take the forms they do. Such efforts will be crucial for applications in fields like affective computing, clinical assessment, 
language learning, and cross-cultural communication.
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