
Sound and Sensibility: To Beep or Not to Beep
Ella Velner

p.c.velner@utwente.nl
University of Twente

Enschede, The Netherlands

Khiet P. Truong
k.p.truong@utwente.nl
University of Twente

Enschede, The Netherlands

Vanessa Evers
vanessa.evers@ntu.edu.sg

University of Twente
Enschede, The Netherlands
NTU Institute of Science and
Technology for Humanity
Singapore, Singapore

KEYWORDS
sound, speech, communication theory, speech act theory, human-
robot interaction
ACM Reference Format:
Ella Velner, Khiet P. Truong, and Vanessa Evers. 2021. Sound and Sensibility:
To Beep or Not to Beep. In Proceedings of March 8th, 2021 (Sound in Human-
Robot Interaction 2021). ACM, New York, NY, USA, 3 pages. https://doi.org/
10.1145/nnnnnnn.nnnnnnn

1 INTRODUCTION
While automatic speech recognition (ASR), spoken language un-
derstanding, and speech synthesis have greatly advanced over the
past 10 years due to the rise of deep neural networks, their use
in human-robot interaction (HRI) in practice is still rather limited
due to several reasons. For some frequently targeted user groups in
HRI such as older adults and children it would be helpful to have a
human-like interaction with a robot because that feels more natu-
ral to them [5]. More importantly, the use of human-like spoken
language capabilities might elicit too high expectations that will
lead to difficulties in communication and overtrust [14], although
using a synthetic voice might already be a solution [12]. For these
reasons, researchers in HRI have been proposing to use sounds,
that can be non-lexical and/or non-vocal, rather than speech as a
way for a robot to express its intent. This opens up many design
opportunities, but also challenges. Sometimes, sounds are simply
not enough to communicate intent. In what situations would sound
in HRI be preferable over speech? What are the design spaces of
sound and speech in HRI? These are some of the aspects we would
like to reflect upon in this short paper.

2 COMMUNICATION
In well-known communication models [4, 11], communication
starts with an intent formulated into a message (signal) that is
sent by the sender, transmitted through a channel that contains
noise, and that is received by the receiver. When applying this model
to HRI, the noise that can affect the intended message of the signal
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could be the appearance of the robot that raises high expectations
or the fact that people have different mental models of robots in
their minds [3]. Using sound as the form for the signal, this on
the one hand implies that there is sound recognition, and on the
other hand, sound generation. While recognizing the importance
of research on using human sound as input in HRI (e.g., [7, 13]),
here, we are focusing on using robot sound as output (e.g., [16]): the
design of sounds to be generated by robots in communication with
humans.

In a broad sense, communication concerns conveying meanings
from one entity to another. Shannon & Weaver [11] describe three
communication problems in their model that we can relate to com-
munication between humans and robots. First, how accurately can
the symbols of communication be transmitted? This technical prob-
lem refers to the transmission channel and the set of symbols that a
robot can transmit which depends on its capabilities and degrees of
freedom, e.g., not all robots have speech synthesis or lights. Second,
how precisely do the transmitted symbols convey the desired meaning?
This relates to the legibility (semantics) of the robot’s behaviors.
Third, how effectively does the received meaning affect conduct in the
desired way? For example, is the robot able to convey pragmatic
meaning such as implicature? While all these problems overlap to
a certain extent, the first problem seems to be the most significant:
if the transmission channel and signals are not in order, this will
impact the semantics and effectiveness of communication.

Communicating meanings and intent while being constrained
and affected by the robot’s capabilities and the added “noise” to
the signal give rise to design challenges in robot behavior. More
specifically, we ask how sound or speech guide the type of intent
(speech act) the robot can communicate (and vice versa)?

3 SPEECH ACT THEORY
Speech act theory [1] proposes to separate the literal meaning,
the actual act, and the effect of utterances: utterances can have
locutionary, illocutionary, and perlocutionary force. Locutionary
refers to the literal, basic meaning of an utterance without possible
sublayers or metaphors. In the example ‘Look out for that ball!’,
the locutionary act is to literally ‘look out’, referring to ‘that ball’.
Illocutionary refers to what was actually done by the sender, taking
the underlying meaning into account. In this example, the illocu-
tionary act is to warn the receiver to duck as to not get hit by a ball.
Perlocutionary refers to the effect it has on the receiver’s emotions,
thoughts - what is achieved with the utterance. In this example, the
effect could be that the receiver got scared or panicked, which could
be more powerfully conveyed through sound [15]. However, for
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a robot to convey the (il)locutionary act from the example above,
using sound, would be nearly impossible, unless it could use other
modalities such as gestures with it.

To explain why the illocutionary act from the example is so
hard to express through sound, Searle’s classification comes to
mind [10]. He divides the illocutionary acts into five categories:
assertives (expressing belief), directives (expressing desire), com-
missives (expressing intention), expressives (expressing attitude),
proclamatives (by expressing you are doing so). As we already no-
ticed, sound could convey these expressives. However, to express
a belief, desire or intent, or to proclamate, speech might be more
suitable to stay clear from ambiguity.

4 DESIGN SPACES OF SPEECH AND SOUND
IN HRI

The communication and speech act theories have guided us in shap-
ing the general landscape of sound vs speech. Further guidance is
needed when we move to implementing sound or speech for HRI in
practice. As with any interaction, interaction between humans and
robots is heavily contextualised with several key factors playing
a role: user group, technical and social skills of the robot, domain,
environment are factors that will guide the design of robot commu-
nication. We illustrate how these factors may guide the decision
for using sound or speech in HRI (see Fig. 1).

Depending on characteristics of the user group, it might be
more preferable to use sound or speech. For instance, for older
adults, speech as output (and as input) might be preferable as this
is natural to them but if due to a language disorder, processing of
natural language is not possible anymore, soundmight be preferable.
In addition, some arguments sometimes clash - on the one hand,
speech can raise undesired higher expectations with children, on
the other hand, speech can be more natural and familiar to them. So,
it seems that very specific characteristics of the user group guide
design choices, hence, the question marks in Fig. 1.

Depending on the goal of the interaction, the role of the robot
might require social skills or not ([2]). We argue that when social
skills of the robot becomemore essential (e.g., companion robot), the
use of sound becomes more important. Another factor lies with the
initiative in the interaction. A robot-initiative interaction requires
(il)locutionary acts by the robot that can be hard to convey with a
small set of sounds. However, if the domain is closed and limited
(versus open, one could say anything), sounds can be powerful in
conveying (il)locutionary force. For example, when the robot wants
the user to leave the room, this could be done by simply pointing to
the door, nodding its head, or make un urgent ‘beep’ sound (example
from [9]). This illocutionary act does not necessarily need speech
to convey the message. However, the user needs some context to
understand the message. As we have just witnessed, some factors
can interact with each other - the designer can prioritize factors to
guide design choices. It illustrates that much depends on the goal of
the interaction, and the factors (and choices associated with them)
that play a role are not so clear-cut.

Last but not least, the robot’s DOF very much determines the
size of the set of symbols it can communicate, and what kind of
speech acts can be afforded. Sound in combinationwith othermodal-
ities (e.g., lights, movements) will afford a much richer palette of
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Figure 1: Key factors, derived from the goal of the interac-
tion, that can affect the choice for speech or sound.

acts, then sound-only. Taking into account noise in the commu-
nication channel as well, not all modalities will be desirable or
even possible. Environmental noise and different mental models of
robots and their appearances can affect the interpretation of the
intended message by the receiver.

To illustrate how these factors can lead to a conclusion on the
use of sound or speech, we apply the theory to a real-life example:
a robot as a barkeeper. It would need to move around in a noisy
environment, engage in social conversation, and fulfill the desires
stated by the user. Although one could argue for the use of speech
(the user group is undefined, plus the small talk creates an open
domain) the robot would probably need to use sound.

5 CONCLUSION AND FUTUREWORK
In this short paper, we aimed to explore the design space of speech
vs. sound in HRI by identifying key factors that make up the design
of an interaction. In this initial attempt to do so, we started from
human-human communication and speech act theories, and the
assumption that it is either sound or speech, not both. While we
have a good idea of how natural language can convey meaning,
for sounds this is not the case. There could be ways to convey
a broader range of illocutionary acts, that include assertives and
commissives for example, with sound alone, which seems to be
its biggest constraint at the moment. Further investigation should
focus on theories from animal communication to find out what is
possible with sounds and nonverbal behavior [6, 8]: after all, cats
and dogs can communicate with their owners by vocalizations,
body and tail movements etc. In addition, what would be the effects
of using both speech and sounds? Filled pauses made by a human
may reflect cognitive processing or uncertainty, but if a robot makes
filled pauses, what kind of effect would that have on the perception
of e.g., trust in the robot? While we do not have a definitive answer
to the question when a robot should beep or not, we do hope to
have provided designers a way to guide their design choices.
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