Haptic Augmentation of Audio and its Effects on Speech Perception
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Voice characteristics are known to influence people's perception of a speaker's professional abilities, often offering an unfair disadvantage to speakers in position of perceived vulnerability. By using a custom speech to haptics synthesis framework, this paper presents results from a user study investigating the influence of haptic speech enhancement on speaker's characteristic perception. A custom speech to haptic system is used to first replicate a study from Klofstad et al. examining how voice pitch influences perception of speaker strength, competence and trustworthiness, and second to explore the impact of multimodal stimulus presentation on these perceived characteristics. Our preliminary findings suggest that the perceived strength of a speaker with a higher voice pitch is enhanced, whereas the outcome is uncertain for competence. Perceived trustworthiness was not affected by the system at all. This work puts forward the potential positive effect that the use of haptic-enhanced communication system could have in social and professional communications, but also outlines its limitations.
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Our perception of our peer's professional abilities are based on cues extracted from several information channels. A non-exhaustive list would include proxemics [ ], kinesics, vocalics [ ] chronemics and haptics [START_REF] Knapp | Handbook of Interpersonal Communication[END_REF]. Physical appearance (stature/posture), charisma, smell and speech are all characteristics that affect the impression that a speaker has on their audience. Accordingly, the outcome of work meetings, academic presentations, and videoconferences, can vary for the listeners through their perception of the speakers involved, affecting their judgement of the matter discussed. Focusing on speech characteristics, which also appear in remote meetings, the voice's loudness and resonance will affect how dominant and confident one appears [6, , , ], whereas voice pitch and tone was found affect attractiveness [6, ]. While we acknowledge the contribution of all voice components in forming an impression of a speaker, this work focuses specifically on voice pitch. Prior literature on the human voice identified that the fundamental frequency (F0), loudness and resonance of voice are part of the factors that influence the perceived characteristics of speakers [ ]. [ ] investigates the effects of various characteristic of the voice in the perception of attractiveness of the speaker. On the topic of fundamental frequency, a review of articles suggests that female listeners would prefer lowerpitched male voices and male listener would prefer higher-pitched female voices. [ ] showed that speaker would modulate their own speech fundamental frequency in response to their attractiveness to the conversational partner. Another notable contribution from [ ] is the highlight on the complexity of this specific research field, behaviors depends on factors including language or social context and published studies have sometimes contradictory conclusions.

[ , ] highlight the importance of the voice pitch bias as it could influence voting behavior or trust in a speaker [ ]. According to [ ]:

men with lower-pitched voices are perceived as "more attractive", physically stronger and "socially dominant". [..] higher-pitched female voices are perceived as more attractive, whereas lower-pitched female voices are perceived to be "socially dominant" Klofstad et al. [ ] investigated how voice pitch would influence perception of leadership characteristics, namely "competence", "strength" and "trustworthiness". One of the research questions considered was the influence of gender, both from the listener and the speaker in the perception. The results from their study suggested that female listeners are not affected by pitch differences when judging male voices. On the other hand, male listeners find lower-pitched voices to be more competent and strong. For female voices, both genders found the lower-pitched voices to be more trustworthy, strong and competent. Female listeners perceive lower-pitched male voices to be more attractive while male listeners perceive them as more competent and stronger. Moreover, both male and female listeners perceive lower-pitched female voices to be more competent, stronger and more trustworthy. Inspired by research on the influence of different vibrotactile stimuli on user arousal [ ], we took on the challenge of exploring the use of haptic augmentation to modify the perception of speech without altering the speaker's original voice [ 6]. [ 6] presented a system and results from an early user study. The gist of the system is as follows: the higher the pitch of the speaker, the stronger the vibrations were rendered. The objective is to counterbalance the potential lack in dominance and presence associated with higher pitched voice with a greater and hypothesized increased dominance associated with more intense vibrotactile renderings. Results collected using a two alternative forced-choice methodology suggested that the inclusion of haptic reinforcement indeed modified the participants' response patterns. However, due to methodological limitations, it was difficult to determine what properties of the speaker were meaningfully influenced by the use of haptic reinforcement. This paper therefore presents the results from a follow-up study investigating in more details which perceived speakers' characteristics, from perceived competence, confidence and trustworthiness, were impacted by the haptic reinforcement.
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This study was adapted from the methodology of [ ], whose results will serve as comparison material.

Copyright is held by authors A within-subject experiment design was employed, where each participant was presented with every combination of the two experimental conditions: with or without haptics, and hearing a male or female speaker. During a trial, participants listened to the low and high-pitched version of a same voice uttering the sentence "I urge you to vote for me this November" through headphones. After listening to each pair, participants were asked to reply to one of the following three questions:

. "Which voice is more competent (e.g. capable, experienced, knowledgeable, effective)?"

. "Which voice is stronger (e.g. confident, determined, resolute, selfassured)?"

. "Which voice is more trustworthy (e.g honest, straightforward, reliable, believable)?"

Participants were asked to enter their answer using a regular keyboard's keys labeled First and Second, corresponding to the first or second voice respectively.

At the end of the experiment, participants completed a short questionnaire consisting of demographic questions.

Each question was asked four times to a participant, using each one of the following condition combination once:

. Female voice, no haptics presented synchronously with the speech signal, such that they formed a cohesive multimodal stimulus. In the haptics condition, the voice was augmented by its synchronous haptic version. The signal processing algorithm was designed such that higher pitched voices would be presented with more intense vibrations than their lower pitch opposite, attempting to counterbalance the potential biases caused by differences in voice pitch.
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A total of participants ( F, M) took part in the study, aged from to (x = 24 and SD = . ).
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Table reports the differences between listener's and speaker's gender. We first show the results in the condition without the haptic augmentation to allow an unbiased comparison with Klofstad's results. In parenthesis is the difference between the current findings and their results.

voices. An average difference of . % was observed between the two studies, suggesting that a our results fail to replicate their findings with regards to the effect of listener and speaker gender on perceived competence, strength and trustworthiness.

Several factors could explain this dissimilarity; our main hypothesis lies in the distortion created by the speech synthesis system for voices of different pitch. The Klofstad et al. study used recorded voices and the pitch was altered ±0.5 equivalent rectangular bandwidths. This would results in shift of ±20 Hz. Our study relies on shifting the voice from semitones, equivalent to multiplying/dividing the frequencies by ( 12 √ 2) 5 . Another source of uncertainty is that the pitch was entered as one of the parameter in the speech synthesis as opposed to shifting the pitch after the voice was generated, which could have introduced different effects in the voice. In addition, this difference outlines the potential serious impact of differences in vocal properties for the design of smart voice assistant technologies.
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We now turn our attention towards the effects of using the proposed haptic enhancement of the voice on the perception of speakers. A comparison of both with and without haptics conditions are given in Table with the results of both gender of listeners averaged, all results are also visually represented in Figure . Table : Frequency at which the high-pitched option was selected for every question. The columns represents the different combinations of speaker gender and haptic effect presentation.

The authors refrain from using inferential statistics due to the relatively small sample size. As such, all reported results should be considered as exploratory.

Our results suggest that the proposed haptic enhancement does influence the perceived competence of the speaker. However, this effect seems to be interacting with the actors' gender. If male listeners were more likely to select the higher-pitched male haptic-enhanced voice as being more competent, this effect was not present with female voices.

On the other hand, the use of haptic enhancement seems to have negatively influenced perceived competence of the high-pitched voice for female listeners regardless of the speaker's gender. The fact that the system had a negative impact with female listeners would reinforce the existing biases which is not against the desired objectives of the proposed system.

In terms of the perceived strength of the speaker, no notable effects were noted for male participants. However, the use of haptic enhancement seems to have positively impacted the female participants' strength perception of both speaker genders. Despite the lack of noticeable difference with male participants, the fact that the system partially countered the bias in female participants is supportive of the proposed speech enhancement approach.

In the case of the perceived trustworthiness of the speaker, the proposed haptic enhancement system failed to counterbalance or attenuate existing biases. Indeed, the only effect visible suggests that male participants found male speakers with a higher-pitched voice less trustworthy with the haptic system than without its assistance.
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In this work, results from an exploratory study evaluating the impact of a haptic speech enhancement system on voice-pitch related biases were presented. The study recreated the protocol of previous documented work investigating the impacts of voice pitch on perceived competence, strength and trust.

Our results failed to replicate the results of the study from Klofstad et al. which noted statistically significantly inferior competence, strength and trustworthiness in higher-pitched speakers. It is suspected that this difference might have been caused by differences in the voices samples used, which in the current study were synthesized. These observations also outlines the importance of investigating the social and affective impact of vocal properties for synthesized voices, especially as smart voice assistants and becoming increasingly embedded in our daily lives.

The second part of the results on the effects of haptic enhancement were more agreeing with our previous findings [ 6], as the haptic signal helped reinforce the perceived strength in higher pitched voices. Indeed, these preliminary findings indicate that it could be possible to enhance the leadership perception of speakers with a higher fundamental frequency using a real-time system rendering vibrotactile feedback to audience members, reinforcing the speech. As suggested by the phrase used in our trials, such a system could ultimately be used to equalize the speech perception of speakers in a political context, to force listeners to focus on more important features such as the content/ideas conveyed. 
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  Figure : Picture of the real setup

Figure :

 : Figure : Percentage of choice of high-pitched voice with and without haptic reinforcement depending on speaker and listener gender
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