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Abstract: Purpose: Affective prosody, which conveys emotions through variations in stress and pitch, is crucial for
social interactions and emotional communication. This study investigates the acoustic correlates of expressive
affective prosody in Kannada-speaking young female adults. Methods: The study involved 31 Kannada-speaking
young female adults performing an expressive affective prosody task (reading sentences) for four emotions: happy,
sad, anger, and fear. The data collected was acoustically analysed based on a few acoustic parameters such as
fundamental frequency (FO) and its range and contour; intensity (I0) and its range; and rate of speech (ROS) across
the four emotions. Results: Statistical analysis revealed significant differences across emotions for all parameters,
with rate of speech and 10 range showing the most variance. The frequency measures showed significant differences
among almost all the comparisons. For the FO contour, happy and anger exhibited rising and falling patterns, while
sad and fear showed falling and rising patterns. The mean rate of speech was highest for anger and lowest for
happy. Intensity measures showed significant differences, particularly between happy vs. sad, and sad vs. anger.
These observations are consistent with previous research but also had a few contradictory findings. Conclusion: The
study highlights distinct acoustic profiles for different emotions in Kannada among young female adults, aiding in the
understanding of normal affective expression. This normative data on prosodic features can serve as a benchmark
for identifying deviations in individuals with neuro communication disorders affecting their emotional prosody. These
acoustic parameters can be used for objective assessments in clinical settings to detect early changes in emotional
expression. Future research should include diverse age groups, both genders and various dialects to enhance the
generalizability of findings.

Keywords: Affective Prosody, Emotional Prosody, Emotional Speech, Acoustic Correlates, Speech Prosody,
Emotions

1. Introduction

Speech prosody is often considered to be ‘the music of speech’ (Hellerman, 2003). Prosodic cues play a
major role in providing various information about the speaker such as age, gender, emotion, and situation. Affective
prosody helps to convey speaker’s emotional state. It is crucial for understanding and expressing emotions during
conversation and to develop an emotional connection (Leentjens ef a/., 1998). One of the important parts of social
skill development is the ability to understand emotions during social interactions which require appropriate reception
and expression of affective prosody (Brunswik, 2020; Scherer, 1994) and also to form emotional attachments with
close relationships (Eggum et a/,, 2011).

The expression of affective prosody for each emotion varies as each emotion has its own acoustic profile
mainly characterized by variations in pitch, intensity and other related parameters. These acoustic correlates of
affective prosody for different emotions have been started to be explored since the 1960s. Pitch and loudness acts
as an important cue to convey the emotional state of the speaker. There are other acoustic cues which also help to
express the emotion (Banse & Scherer, 1996) such as speaking rate, duration and intensity (Dellaert et a/,, 1996;
Grimm et al., 2007; Morrison et al., 2007; Paidi et al., 2016). A review study (Paidi et al., 2016) on the acoustic
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profile of basic emotions concluded that anger and happy emotions generally exhibit higher average FO, wider FO
range, and higher intensity, while sad speech shows lower FO and narrower intensity range. Fearful speech is
characterised by much higher FO, much irregular FO contour, normal intensity, and a faster speaking rate. However,
one of the main disadvantages of previous studies is that the speech samples analyzed were mostly enacted by
professional and non-professional actors rather than derived from natural settings. Therefore, generalizing these
results is questionable.

Given these limitations, researchers have explored ways to improve the ecological validity of emotion
recognition studies. A study compared a natural data set collected from a call centre (mainly anger and neutral
emotion) and a pre-recorded available database (consisting of recordings from 12 non-professional actors and
actresses conveying 6 types of emotions) (Banse & Scherer, 1996). The data were fed to an automatic emotion
recognition system which classifies emotions automatically based on the frequency and intensity-related parameters.
The natural set's classification rates were lower than anticipated due to various factors, including unbalanced data,
the presence of background noise, and the difficulty in precisely measuring specific emotions. These findings highlight
the challenges of accurately capturing emotional expressions in real-world contexts. Using data collected from real-
world scenarios can offer a better representation of the expression of emotions. The induction of emotions in non-
actors can assist in achieving better generalization, and a control over the variables. This underscores the need for
understanding the acoustic correlates of affective prosody in the general population (non—actor). Such knowledge is
also essential to establish a baseline against which deviations in disordered populations (aprosodia) can be identified
and analyzed. A comprehensive understanding of the acoustic features that underlie affective prosody in the general
population can serve as a valuable starting point in the exploration of disordered populations.

Building on this need, various standardized tests have been developed to assess affective prosody. The
identification of the acoustic cues that correspond to various emotions can be achieved through the administration
of a range of tests, often requiring participants to perform perceptual, reading or repetition tasks. However, studies
focused on developing or validating test stimuli for assessing affective prosody are limited (Filippa et a/., 2022). The
PEPS-C evaluates prosodic skills, including affective prosody, in individuals above 4 years (Filipe et al., 2017,
Martinez-Castilla & Peppé, 2008; Zanchi et al., 2022). The Florida Affect Battery (FAB), designed for individuals above
17 years, assesses affective prosody through multiple subtests. The Aprosodia Battery distinguishes prosodic deficits
due to hemispheric damage, focusing on production, comprehension, and discrimination tasks. Additionally,
databases with prerecorded speech stimuli and validated sentence lists have been developed for assessing affective
prosody in English (Castro & Lima, 2010; Darcy & Fontaine, 2020; Gong et al., 2022). However, there are no such
standardized test materials available in Indian languages for the assessment of affective prosody.

Recent studies have also examined how different populations perceive and process emotional prosody. One
such (Darshan & Shilpashri N, 2023) investigated how Kannada-speaking adults perceive emotions such as
happiness, sadness, anger, questions, and statements. The researchers developed five-to-six-word sentences for
each emotion, spoken by a female native Kannada speaker. These sentences were validated by experienced speech-
language pathologists and presented to participants for emotion identification. The study found that both male and
female participants accurately identified emotions, with minor variations across age groups. Additionally, another
study (Kao & Zhang, 2024) explored how listeners automatically process emotional prosody in speech, focusing on
different neural responses for various prosodic categories and potential sex differences. The study found that both
men and women exhibit distinct neural responses to different emotional tones, highlighting the importance of
considering sex differences in prosody research. These findings further emphasize the need for research that
systematically investigates expressive affective prosody in Kannada, particularly among young female adults, to
bridge the gap between perceptual understanding and production-based acoustic analyses.

Since there is a research gap in this area, particularly in Indian languages, the current study aimed to explore
the acoustic correlates of expressive affective prosody in Kannada-speaking young female adults by developing test
stimuli and collecting data on a reading task for the expression of four basic emotions: ‘happy,’ ‘sad,’ ‘anger,” and
‘fear.” Given the lack of standardized assessment tools in Kannada, this study will contribute to the development of
culturally and linguistically appropriate test materials, aiding both clinical and research applications in affective
prosody assessment.
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2. Methodology

The study was carried out in a sound-treated room in a multidisciplinary hospital set-up. The study design
was descriptive research with a convenience sampling method. The number of participants included in the study was
31 females, in the age group of 18 to 25 years (Mean age= 20 years + 1.4 years) (young adults) (Arnett, 2000),
with representation from different departments (Dental Sciences, Physiotherapy and Anaesthesiology departments).
The participants were selected through convenience sampling and were recruited only if they matched the inclusion
criteria. All the participants were native Kannada speakers. The sample size was calculated using the G power analysis
based on the pilot study.

The study's inclusion criteria required individuals without speech and language disorders to have normal
hearing, cognitive, and mental abilities, ascertained by the WHO DAS (Disability Assessment Schedule) 2.0
questionnaire (WHO Disability Assessment Schedule (WHODAS 2.0), n.d.). Additionally, participants had to be native
Kannada speakers, with education above PUC and could read Kannada. Professional or non-professional actors,
trained vocal artists, singers, and Speech-language pathologists were excluded from the study as they might not
represent a natural population since they are trained in these aspects.

2.1 Procedure

The study was conducted only after obtaining ethical clearance from the University [REG. NO.:-
EC/NEW/INST/2022/KA/0174].

2.1.1 Development of test stimuli

Three sentences for each emotion (happy, sad, anger, fear) in Kannada were created. All the sentences had
emotion-laden words which depicted the target emotion. Content validation of the developed stimuli was carried out
using the Delphi technique to choose the single best sentence for each emotion as it validates content systematically
through expert review, ensuring it aligns with theoretical frameworks. In total, 12 sentences (3 for each emotion)
were validated by five experts in the field (Speech-language pathologists). The experts were asked to rate the
relevance of the stimuli to the target emotion using a 4-point rating scale (1- not relevant, 2-somewhat relevant, 3-
relevant, 4- highly relevant). The content validation index (CVI) and Content validation ratio (CVR) were calculated.
Sentences with a CVI of 0.78 or higher and a CVR greater than 0.49 were considered. Among them, the sentence
with the highest value of CVI and CVR was taken as stimuli (one sentence for each emotion).

Following the selection of the most relevant sentence as a stimulus for each emotion based on CVR and CVI
scores, the sentences with the next highest value of CVR and CVI scores were employed as a model for the
participants during the administration of the original stimuli. The model sentences were produced by vocal artists.
Five vocal artists (3 females and 2 males) with at least 2 years of performing experience were requested to produce
the chosen sentences in the appropriate emotion and it was recorded in a sound-treated room. Post-recording, the
audio recordings were validated. Three skilled vocal artists (minimum of two years experience) and three experts in
the field (speech-language pathologists with a minimum of two years experience) assessed the recordings using a
4-point rating scale (1- not relevant, 2- somewhat relevant, 3- relevant, 4- highly relevant) and ranking methodology.
The content validation index and ratio were calculated to select the best recording for the model.

2.1.2 Administration of test stimuli on young adults

The recording was carried out in a sound-treated room using the BESTOR professional condenser microphone
using the PRAAT software with an ambient noise level of 30dB SPL. The participants were asked to sit comfortably
in the chair and the microphone was placed 10cm away from the participant’s mouth. The clinician first played the
audio model (the pre-recorded speech) through a loudspeaker for the first emotion followed by which the sentence
for the target emotion was shown on the laptop screen in a white background. The participants were asked to read
the sentence with the target emotion 3 times. The model was played again if required but was not repeated more
than once. The model for the next emotion was played only after recording the response for the previous emotion.
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The instructions during the recording were given as follows, ‘I will be playing an audio for you, You have to listen to
it carefully and repeat the sentence presented on the screen three times in the same way as you heard before’.

2.1.3 Acoustic analysis

Acoustic analysis was carried out by PRAAT software version 6.1. 29. The best of three recordings for each
emotion was taken for acoustic analysis, based on six acoustic parameters. The parameters include average FO
(Average Fundamental frequency), FO range (Fundamental Frequency range), FO contour (Fundamental frequency
contour), Average 10 (Average Intensity), I0 range (Intensity range) and Rate of speech (ROS). These parameters
were previously examined in a review study, and significant acoustical differences in speech across emotions were
found (Paidi et al, 2016). Average FO is defined as the lowest frequency at which the speech signal repeats itself
(O'Shaughnessy, 2000). The FO range is the difference between the maximum and minimum FO. FO contour is the
shape or pattern of FO. Average intensity is the Volume or intensity of the speech. The intensity contour provides
information that can be used to differentiate sets of emotions. The intensity range is the difference between the
maximum and minimum intensity. ROS is the number of syllables produced per second. The difference in average
FO, FO range, FO contour, average intensity, intensity range and ROS among the four emotions were analysed. Other
parameters, such as jitter, shimmer, and formant frequencies, were not included as they were not found to be
significant in representing differences between emotions (Paidi et a/., 2016).

2.1.4 Statistical analysis

The data was entered into SPSS version 20 and was subjected to statistical analysis. Descriptive statistics
were done to compute the mean, median and standard deviation of the data. Normality tests including the Shapiro-
Wilk test were carried out to know if the data was falling within normal distribution. The level of significance
considered was 0.05. Since the data failed to meet the normality, non-parametric tests were conducted using the
Friedman test to find the significant difference in average FO, FO range, FO contour, average intensity, intensity range
and ROS among the four emotions.

3. Results

Descriptive analyses were carried out to find the mean, standard deviation, median and interquartile range
for all the parameters (FO, FO range, 10, I0 range, ROS) for each of the emotions. The results for the emotions
'happy', 'sad’, 'anger’, and 'fear' have been compiled in Table 1.

Table 1. Results of descriptive analysis for the four emotions

Emotions Happy Sad Anger Fear
Parameters Mean SD Mean SD Mean SD Mean SD
FO 264.13 31.78 244.05 27.09 315.43 295.45 290.81 306.81
FO range 171.32 77.78 154.53 79.87 218.08 82.80 161.59 81.33
I0 71.31 7.23 71.52 6.62 88.75 84.51 86.45 85.29
I0 range 42.38 7.09 31.18 8.75 44.34 6.37 41.18 7.57
ROS 6.25 1.03 7.25 1.2 7.25 1.2 7.3 1.17

Abbreviations: SD = Standard Deviation, IQR = Interquartile Range, FO = Fundamental frequency, FO range =
Fundamental frequency range, 10 = Intensity, I0 range = Intensity range, ROS = Rate of speech

The Friedmann test was used to compare the following acoustic parameters - FO, FO range, 10, 10 range,
and ROS across four different emotions (Happy, Sad, Anger, and Fear). Emotions were compared in six primary
pairs: *happy’ vs. ‘sad,” *happy’ vs. ‘anger’, *happy’ vs. ‘fear’, ‘sad’ vs. ‘anger’, ‘sad’ vs. ‘fear’, and ‘anger’ vs. ‘fear’.
(Table 2) as detailed below.
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Table 2. Comparison of different acoustic parameters

PARAMETERS - Chi-square value
EMOTIONS FO Cohen’s FO Cohen’s 10 Cohen’s | 10 range | Cohen's ROS Cohen’s
d range d d d d
Happy vs. 1.032* 0.21 0.645* 0.17 0.226 0.10 1.355** 0.24 1.097* 0.22
Sad
Happy vs. 0.065 0.05 0.774* 0.18 0.806* 0.19 0.581 0.16 2.081** 0.30
Anger
Happy vs. 1.419%* 0.25 0.452 0.14 0.774* 0.18 0.194 0.09 1.016* 0.21
Fear
Sad vs. 1.097* 0.22 1.419** 0.25 1.032* 0.21 1.935** 0.29 0.984* 0.21
Anger
Sad vs. Fear 0.387 0.13 0.194 0.09 0.548 0.15 1.161** 0.22 0.081 0.06

Abbreviations: FO = Fundamental frequency, FO range = Fundamental frequency range, 10 = Intensity, I0 range
= Intensity range, ROS = Rate of speech.

Asterisks indicate the significance level: *P< 0.05, **P< 0.001.

Bold indicates higher effect size.

3.1 Fundamental Frequency [FO0]

The mean FO for females was higher for the emotion ‘anger’ followed by ‘fear’, *happy’, and ‘sad’ as shown
in Table 1. The Friedmann test results showed a significant difference in FO only when compared between ‘happy’
vs. ‘sad’, ‘*happy’ vs. ‘fear’, ‘sad’ vs. ‘anger’, and ‘anger’ vs. ‘fear’ (Table 2).

3.2 Fundamental Frequency [FO] range

The emotion ‘sad’ had a narrower mean FO range and ‘anger’ had a wider mean FO range (Refer to Table 1
for the mean values). The Friedmann test revealed that the FO range showed a significant difference when comparing
emotions *happy’ vs. ‘sad’, *happy’ vs. ‘anger,’ ‘sad vs. ‘anger’, and ‘anger’ vs. ‘fear’ (Table 2).

3.3 Intensity [1I0]

The mean I0 for the emotions ‘anger’ and ‘fear’ was comparatively higher than other emotions (Refer to
Table 1 for the mean values). The Friedmann test results showed a significant difference in I0 when compared
between *happy’ vs. ‘anger’, *happy’ vs. ‘fear’, ‘sad’ vs. ‘anger’, and ‘anger’ vs. ‘fear’. However, no significant difference
was noticed when compared between *happy’ vs. ‘sad’, and ‘sad’ vs. ‘fear’ (Table 2).

3.4 Intensity [I0] range

The average I0 range for the emotion ‘sad’ was found to be narrower than other emotions, like males (Refer
to Table 1 for the mean values). The only significant difference in the 10 range was observed when comparing *happy’
vs. ‘sad’, ‘'sad’ vs. ‘anger’, ‘sad’ vs. ‘fear’, and ‘anger’ vs. ‘fear’, as shown in Table 2.

3.5 Rate of speech [ROS]

The ROS was higher for the emotion ‘anger’ and lowest for the emotion *happy’ in females (Refer to Table 1
for the mean values). The Friedmann test revealed significant differences in speech rate across all emotions except
when compared between ‘sad’ and ‘fear’ (Table 2).
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3.6 FO contour

Three different patterns of FO contour were recorded for the four emotions, which included rising and falling,
falling and rising, and flat. The frequency of rising and falling patterns was high for the emotions 'happy' (71.0%)
and 'anger' (90.3%), while the frequency of falling and rising patterns was high for the emotions 'sad' (77.4%) and
'fear' (51.6%). The frequency of flat patterns was found to be high for the emotion ‘fear’ (48.4%). To compare the
FO contour across the four emotions, Kendall's tau-b test was conducted.

A significant difference was found in the FO contour for almost all comparisons of the emotions, but no
significant difference was found when compared between *happy’ vs. ‘anger’ and ‘sad’ vs. ‘fear’ (Table 3).

Table 3. Results of the Kendall’s tau-b test

EMOTIONS FO contour T?
Happy vs. Sad 4,909**
Happy vs. Anger 1.873

Happy vs. Fear 6.689**
Sad vs. Anger 6.992**
Sad vs. Fear 1.209

Anger vs. Fear 13.537**

Abbreviations: Asterisks indicate the significance level: * P< 0.05, **P< 0.001.

Effect size for each parameter across emotion pairs were calculated by measuring Cohen's d value. The
differences between emotions in acoustic parameters showed statistically small effect. Happy vs. Anger and Anger
vs. Fear show the strongest effects, suggesting these pairs have more noticeable speech differences. The Rate of
Speech (ROS) and Intensity (I0) parameters show relatively higher effects, indicating rate of speech and loudness
may be more affected by emotion than pitch.

In summary, the study results found significant FO differences between all pairs except ‘*happy’ vs. ‘anger,’
and ‘sad’ vs. ‘fear’ emotions. FO range differences were more pronounced between ‘sad’ vs. ‘anger’ and ‘anger’ vs.
‘fear’. Intensity differences in males were significant for all emotion pairs *happy’ vs. ‘sad’ and ‘sad’ vs. ‘fear.” The 10
range was significantly different for all pairs except *happy’ vs. ‘anger’. ROS showed significant differences across
most pairs. FO contour patterns revealed high occurrences of rising and falling in *happy’ and ‘anger’ emotions and
falling and rising in ‘sad’ and ‘fear’, with Kendall's tau-b test showing significant differences across most emotion
pairs.

4. Discussion

The current study aims to explore the acoustic correlates of expressive affective prosody in Kannada-
speaking female young adults, by employing speech samples during the reading task. Acoustic parameters such as
FO, FO range, I0, I0 range, and ROS were compared across different emotions. Emotions were compared with six
primary pairs: *happy’ vs. ‘sad,’ *happy’ vs. ‘anger’, *happy’ vs. ‘fear’, ‘sad’ vs. ‘anger’, ‘sad’ vs. ‘fear’, and ‘anger’ vs.
‘fear’. The sections below discuss how each acoustic parameter varied across different emotions.

4.1 Fundamental frequency [FO0]

The emotion ‘anger’ had the highest FO, followed by ‘fear’, *happy’, and ‘sad’. These findings align with the
previous studies (Banse & Scherer, 1996; Hammerschmidt & Jirgens, 2007; Juslin & Laukka, 2001; Morrison et al.,
2007; Murray & Arnott, 1993; Paidi ef al., 2016). Few studies (Juslin & Laukka, 2001; Morrison et al., 2007; Paidi et
al., 2016) have also noted that the emotion 'fear' has a higher FO compared to the emotion 'happy' due to the greater
intensity intended when expressing 'fear', a pattern also observed in the current study. When conducting pairwise
comparisons, a significant difference in FO was found when comparing 'happy' vs. 'sad’, 'happy' vs. 'fear’, 'sad' vs.

o, Indian J. Lang. Linguist., 6(1) (2025), 22-32 | 27
A



Vol 6 Iss 1 Year 2025 S. Shalini et.al, /12025 DOI: 10.54392/ijli2513

'angry', and 'angry' vs. 'fear'. However, no significant difference was observed when comparing 'happy' vs. 'angry’,
and 'sad' vs. 'fear'. Since the emotions 'happy' and 'anger' have almost similar acoustic characteristics with respect
to FO, no significant difference is noted, as observed before (Banse & Scherer, 1996; Hammerschmidt & Jiirgens,
2007; Juslin & Laukka, 2001; Morrison et al,, 2007; Murray & Arnott, 1993; Paidi et a/., 2016). However, both 'fear'
and 'sadness' resulting in a lower FO could not be explained. One probable reason could be that the model [male
speaker] portrayed both 'sad' and 'fear' at a lower frequency, causing participants to often confuse these emotions.
This might explain why there was no noticeable difference in FO between 'sad' and 'fear'. The mean FO for 'fear' was
higher compared to 'sad' as stated before, but the standard deviation was large due to mixed performances by the
participants. These differences can be attributed to the lack of control over the intensity of emotion expressed and
how participants imitated the pre-recorded model leading to mixed results.

4.2 Fundamental frequency range [FO range]

The next parameter that was compared across emotions was the FO range. The results showed that there
was a narrower mean FO range for 'sad' and a wider mean FO range for 'anger'. The result of pairwise comparison
indicated a significant difference in the FO range when comparing ‘*happy’ vs. ‘sad’, ‘sad’ vs. ‘anger’, *happy’ vs.
‘anger,” and ‘anger’ vs. ‘fear.” These results are consistent with prior research (Hammerschmidt & Jirgens, 2007;
Morrison et al., 2007; Murray & Arnott, 1993; Paidi et al., 2016) supporting the present findings There is no significant
difference in the FO range when comparing the emotions 'sad' vs. 'fear', as well as 'happy' vs. 'fear'. This lack of
distinction can be attributed to inconclusive findings about the FO range from the emotion 'fear’, as the supporting
studies (Morrison et al., 2007; Paidi et al., 2016) have also indicated that the FO range of fear can be both wider and
narrower, contributing to the absence of a conclusive finding.

4.3 Intensity [1I0]

When comparing the mean I0 across different emotions a higher I0 for 'anger' and 'fear' was noticed differing
from past findings (Banse & Scherer, 1996; Hammerschmidt & Jirgens, 2007; Juslin & Laukka, 2001; Morrison et
al., 2007; Murray & Arnott, 1993; Paidi et a/., 2016) that reported a higher I0 for 'happy' and 'anger’, a lower 10 for
'sad’, and a normal or lower 10 for fear. This discrepancy may be due to differences in participant characteristics, as
previous studies often included professional actors, whereas this study involved non-actors. The intensity variations
observed in actors may be attributed to their professional training, which could be artificial, whereas these variations
may not be noticeable in a natural context. Participants may have produced fear-related expressions with greater
intensity to emphasize the emotional salience of fear, aligning with findings from acoustic studies, including (Scherer,
2005), which suggest that fear is often conveyed through a combination of rising and falling intonations. This prosodic
pattern not only enhances the perceptibility of fear but also reflects its urgent yet uncertain communicative intent,
reinforcing the natural tendency to use heightened intensity as a signal of emotional significance. However, further
research on the general population is required to fully understand this aspect. Pairwise comparisons revealed
significant differences in 10 for the most emotion pairs. However, no significant difference emerged when comparing
‘happy’ vs. ‘sad,” and ‘sad’ vs. ‘fear,’ further reflecting participant variability.

4.4 Intensity range [I0 range]

The difference in the intensity range [I0] across different emotions has not been extensively studied by
researchers. The current study found a narrower I0 range for ‘sad,’” in line with a study done by Paidi et al., which
reported a narrower range for ‘sad’ and a wider range for *happy’ and ‘anger’ (Paidi ef a/., 2016). Although his study
did not explicitly provide a specific reason for the observed differences among emotions, one plausible explanation
inferred from it and applicable to the current research, is that high-arousal speech, produced by speakers in
emotionally intense situations typically shows higher levels of vocal intensity and range. The results of the pairwise
comparison demonstrated significant differences in nearly all comparisons, with the exception of *happy’ vs. ‘anger’
and ‘happy’ vs. ‘fear’. The absence of differentiation between *happy’ vs. ‘anger’ may be rationalized by the broader
10 range shared by both emotions (Paidi et a/., 2016). Nevertheless, these findings lack empirical support and warrant
further research.
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4.5 Rate of speech [ROS]

The next parameter considered was the ROS, which was measured as the number of syllables produced per
second. When the ROS was compared across emotions, the results revealed that the mean ROS was higher for
'anger’, consistent with prior research (Banse & Scherer, 1996; Juslin & Laukka, 2001; Morrison et al.,, 2007; Murray
& Arnott, 1993; Paidi ef a/., 2016). However, the lower ROS for *happy’ contradicts past studies associating happiness
with faster speech. Similarly, pairwise comparisons revealed significant differences for most emotion pairs, except
for ‘sad’ vs. ‘fear,” These contradictions could be attributed to differences in the length of stimuli for different
emotions. The stimuli used in the present study to assess the 'happy' emotion have fewer syllables compared to
other stimuli, which may have contributed to the overall reduction in ROS. Another reason could be the linguistic
differences between Kannada (Syllable timed) and English (Stress timed). Although syllable-timed languages sound
faster, the actual rate of information transfer (measured in words per second) may be lower due to longer words
and less compression compared to stress-timed languages. Research by Arvaniti (Arvaniti, 2009) supports this
perspective, indicating that languages such as Greek, Spanish, and Italian, which are considered syllable-timed,
exhibit higher syllable rates but may not necessarily convey information more rapidly than stress-timed languages
like English. This is due to the inclusion of more syllables per interstress interval. However, further research is needed
to confirm these findings.

4.6 Fundamental frequency [FO] contour

The parameter FO contour exhibits three distinct patterns across the four emotions: rising and falling, falling
and rising, and flat. Analysis revealed that the frequency of rising and falling patterns was predominant in emotions
such as 'happy' and 'anger', whereas the frequency of falling and rising patterns was prevalent in emotions like 'sad'
and 'fear'. These results were consistent with prior research findings found in studies conducted in English, Swedish,
and Punjabi languages (Dawood et a/,, 2004; Juslin & Laukka, 2001). Conversely, studies (Mini & Nataraja, 2000;
Sandhya & Nataraja, 2000; Varshini & Nataraja, 2001) examining the FO contour in South Indian Dravidian languages
(Tamil, Telugu) revealed divergent outcomes. These languages predominantly exhibited a final falling pattern across
all emotions, except for 'fear' and 'surprise'. Additionally, in the current study, a flat pattern was consistently observed
across all emotions, especially for the emotion ‘fear.” This phenomenon may be attributed to limited frequency
variations, as the participants in the current study constituted of the general population [non—actor] thus unable to
replicate precise modulations as elicited by the model. When the FO contour was compared between different
emotions, significant differences were found in almost all comparisons, except ‘sad’ vs. ‘fear’ in females, and *happy’
vs. ‘anger’. While the similarity between ‘happy’ and ‘anger’ is expected, the lack of distinction between ‘sad’ and
‘fear’ contradicts previous research (Juslin & Laukka, 2001; Paidi et a/, 2016). This discrepancy could be because
some participants had difficulty expressing ‘fear’ and ‘sad’ distinctly, even with the assistance of the model.

Overall, all the parameters exhibited significant differences across emotions which is consistent with previous
research. However, some discrepancies may arise from differences in participant characteristics, as previous studies
often recruited professional actors, while this study focused on non-actors. The findings contribute to the growing
understanding of affective prosody in Kannada and highlight the need for further research with varied participant
groups to enhance generalizability.

5. Conclusion

The present study represents the initial attempt to explore the acoustic correlates for affective prosody
related to four fundamental emotions in Kannada, aiding in forming a database to distinguish individuals with normal
affective expression and those with affective aprosodia. This normative data on prosodic features can serve as a
benchmark for identifying deviations in individuals with neuro communication disorders (Parkinson’s disease etc.,)
affecting their emotional prosody. These acoustic parameters can be used for objective assessments in clinical
settings to detect early changes in emotional expression by designing emotion recognition softwares.

However, the current study has a few limitations. The first major limitation of the study is the lack of male
participants, which should be addressed in future studies. The length of the stimuli used could potentially act as a
limitation, as it can impact the results, especially for ROS. Since the participants were recruited from the Mangalore
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region only, the obtained results cannot be generalized to all Kannada speakers due to dialectal variations. Future
research can recruit participants, both males and females, from different parts of Karnataka, and analysis can be
done separately for different dialects (Dakshina Kannada, Uthra Kannada and Madhya Kannada) for generalizing the
results. Further, the study can be replicated in the clinical population, such as patients with Parkinson’s disease, to
identify the clinical validity of the test tool.
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