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Abstract

This study investigates prosodic cues of user
engagement in task-oriented interactions with
non embodied conversational assistants. We
hypothesize that task complexity and the type
of assistant voice (synthetic vs. human) influ-
ence user engagement. We measure both vocal
and physiological parameters expected to cor-
relate with engagement. We focus on prosodic
features such as fundamental frequency, speech
rate and intensity, and also explore physiologi-
cal indicators, including electrodermal activity
and heart rate. While we did not observe sig-
nificant variations in physiological parameters,
our results suggest that both voice type and
task complexity influence prosodic markers of
engagement.

1 Introduction

Agents used in a professional context —particu-
larly in industrial environments— have to meet
additional constraints. A non-embodied artificial
agent is preferred (Feng et al., 2020), as it elim-
inates visual distractions and allows the user to
focus on their primary task. Consequently, the type
of artificial agent most commonly used in this con-
text is a conversational assistant (CA). The use of
CAs enhances tool efficiency and reduces users’
cognitive load (Quigley et al., 2004). Despite these
advantages, professionals remain reluctant to use
CA. Whether due to fear of being replaced by ma-
chines or a rejection of recent technologies, they
do not use CA in the long term (Cai et al., 2022).
To assess this acceptability, we hypothesise that
making a machine more engaging could foster the
relationship between user and machine.

2 Background

In this study we define engagement as the degree of
sustained and goal-directed attention between two
interactants over the course of an interaction Sidner
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and Dzikovska (2002). Engagement can be modu-
lated according to different parameters, such as the
type of task we perform, which modifies our level
of interest (Berger et al., 2023; Peters et al., 2005).
Engagement is optimal when skills match the level
of difficulty. A difficulty level perceived as too
low leads to boredom (Chanel et al., 2008; Kawada
et al., 2023; Scherer, 2003; Westgate, 2020) wich
occurs when one is under-stimulated. The voice of
our interlocutor may also affect us, especially in
the case of a CA that lacks a physical embodiment
(Tolmeijer et al., 2021; Eva Székely et al., 2023).
Human voices are traditionally preferred over artifi-
cial ones and are therefore perceived as more engag-
ing. Jansen (2019) shows that the more an entity re-
sembles a human, the greater our affinity. However,
when this resemblance reaches a certain threshold,
affinity drops sharply. Uncanny valley is the expres-
sion used to describe the feeling of strangeness ex-
perienced at that time (Jansen, 2019). Our study is
set in a context where the CA is not at the center of
the interaction but serves to assist the user in their
professional task. In addition to being the most
logical choice in an interaction with a voice-based
system, prosodic parameters had, to our knowledge,
never been studied in human-machine interaction.
Physiologic parameters, wich have already been
studied in both human-human and human-machine
interactions(Perugia et al., 2017; Monkaresi et al.,
2016; Rani and Sarkar, 2005), unlike prosodic pa-
rameters, will allow us to confirm our experimental
measurements.

We investigated whether the type of voice and
the complexity of the task influenced participants’
engagement by studying the prosodic cues in their
voices. We hypothesize that using a CA with a
human voice in an industrial setting would lead it
to fall into the uncanny valley, due to a mismatch
between the CA’s vocal capabilities and the asso-
ciated robotic tools. We argue that participants
should be more engaged when interacting with the
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Figure 1: Experimental Set-up

artificial voice rather than the human voice. The
second hypothesis is that participants will be more
engaged in the interaction if the task complexity is
higher, because a task that is too easy may lead to
understimulation.

3 Method

The experiment consists of an interaction in French
between fluent participants and a robotic arm ac-
companied by a CA, as illustrated in Figure 1. The
arm is operated remotely using a wireless video
game controller. The CA is implemented using
a Wizard-of-Oz paradigm, meaning that its utter-
ances are triggered remotely to simulate a smooth
and natural interaction. Participants are instructed
to use their voice to direct the robotic arm to move
colored cubes into different designated areas. They
are required to complete objective cards by provid-
ing the correct movement instructions to the robotic
arm.

In order to present more or less engaging condi-
tions to our participants, we defined two levels of
task complexity: an easy task, which is supposed
to be unstimulating and therefore boring, and a
difficult task, which is supposed to be stimulating
and therefore engaging. The complexity of the
task is adjusted by the complexity of the objective
cards. We also tested two different female voices
for our CA: a human voice and an artificial voice.
Each participant will attend 4 interaction sessions
(2 complexity X 2 voices) with the robotic arm
accompanied by a CA.

Participants Thirty-three participants (24
women and 9 men) were recruited. Each par-
ticipant received a compensation of €15 for a
90-minute session. Five sessions were excluded
from the analysis: one due to improper application
of the protocol, four due to faulty recordings.

Participant  equipment Participants  are
equipped with various Biopac measurement
tools: an abdominal belt placed below the chest
to record respiration; electrodes attached to the
second phalanges of the index and middle fingers
on the non-dominant hand to measure EDA ;
and a photoplethysmograph (PPG) on the same
hand to record heart rate. A headset microphone
connected to a Zoom H4n Pro is also used to
record participants’ speech.

4 Results

No significant differences were observed in the
physiological measures (t-test and ANOVA) nei-
ther by voice type or task complexity. Concern-
ing the prosodic parameters, results show sevreal
significant differences. The standard deviation of
intensity was significantly (p<0.05) higher for the
human voice (~12.06) compared to the artificial
voice (~11.45). Speech rate was faster for the ar-
tificial voice, with a rate of around 3.54 syllables
per second (SD: ~0.59), compared to around 3.32
syllables per second (SD: ~0.46) for the human
voice (p<0.03). The speech rate was significatively
(p<0.02) slower for the difficult task (~3.30 syl-
lables/second) compared to the easy task (~3.55
syllables/second). There was a fairly substantial
session order effect for EDA.

5 Conclusion

The aim of this study is to find engagement cues
in the voice of a CA user. To this end, we selected
the user’s physiological cues correlated with en-
gagement in human-machine interactions and the
prosodic cues of the user’s voice correlated with en-
gagement in human-human interactions. We com-
pared these parameters as a function of the CA’s
voice and the difficulty of the task to be performed.
While we did not observe significant variations
in physiological parameters, our results suggest
that both voice type and task complexity influence
prosodic markers of engagement.
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