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Abstract

Presentation rehearsal is an essential activity that significantly impacts the quality of presentation delivery, especially for
novice presenters, such as university students. However, rehearsals are often not done appropriately, or lack constructive
feedback. To encourage effective presentation rehearsal, we devised a system involving a social humanoid robot acting
as a public speaking coach, analyzing students’ presentations and providing feedback. We monitored acoustic aspects of
speech, speech prosodies, and eye contact maintenance during presentations. Our aim was to assess robot acceptance,
participants’ sense of interpersonal closeness with the robot, and perceived human nature attributes of the robot. This study
presents the system development, followed by evaluations with 50 university students, as well as an evaluation by a public
speaking coach. We found that the students, on average, gave high acceptance scores for the robot and reported moderate
interpersonal closeness with the robot, and attributed human nature attributes to it. Additionally, an expert public speaking
coach found the system to be able to provide reliable and relevant feedback to students considering their performance,
and he also gave useful insights on potential improvements of the system.
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Social robots are “designed to interact with people in
human-centric terms and to operate in human environments
alongside people” [1]. Social robots have the potential to be
used in different roles, especially in educational settings as
coaches and instructors [2].

Mastering in public speaking is important in both aca-
demic and industry settings. People who work in academia
typically need to present their work in conferences, lectures,
workshops, etc. Moreover in client-facing roles in industry,
one should possess excellent communication skills, e.g. to
effectively present a product to a client or an administrative
team. Therefore, practicing and rehearsing presentations
during higher education is essential as it enhances the qual-
ity of the presentation [3—6]. Nevertheless, reasons such as
lack of time for practice, absence of an audience, a coach,
or knowledgeable person, absence of a practice site, public
speaking anxiety, or lack of understanding of the impor-
tance of rehearsals can prevent someone from participating
in rehearsals [3, 7]. A survey of 2,501 public interest profes-
sionals revealed that only 45% of them always or usually
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rehearse a presentation, while 35% rarely or never rehearse
[3, 8]. Public speaking anxiety (PSA) is one of the most com-
mon types of social anxiety. According to studies, approxi-
mately 15% to 30% of the total population experience PSA
[9, 10]. In a survey involving 1,500 undergraduate and 300
graduate students, a total of 35% of students reported hav-
ing PSA [7]. A survey conducted with students in the United
Kingdom showed that 80% of students reported oral presen-
tations as a source of social anxiety [4, 5]. Towards the end of
the pandemic in 20202021, most university presentations
transitioned from their online format back to in-person set-
tings. However, there is little evidence of how this shift has
impacted the fear of public speaking [4]. A recent study with
1054 undergraduate students at the University of Waterloo
revealed that public speaking is the most anxiety-provoking
situation for students among all situations common in aca-
demic contexts [11]. Concerns about making mistakes, lack
of experience, and facing humiliation from the audience are
among the negative concerns associated with PSA. People
with PSA are more likely to express speech disfluencies and
avoid making eye contact with the audience [12, 13]. A sur-
vey conducted with 46 undergraduate and graduate students
identified six themes regarding fear of oral presentations:
fear of being judged, the negative impact on the university
experience, uncertainty about the topic, physical symptoms,
concerns about practicing and preparation, and the need for
more practical support [4].

To practice for presentations, receiving feedback from a
source that aims to improve the presentation delivery, such
as public speaking coaches is useful. Public speaking train-
ing can be especially helpful for those in the early stages of
public speaking experience, such as beginners or students
who want to improve their presentation speaking skills
[14]. Also, continuous exposures to simulated presentations
could contribute to reducing anxiety for a real presentation
[6]. Human coaches often have limited availability and time
constraints [7, 11, 15]. Additionally, hiring a human coach
can involve significant costs, and the fear of negative evalu-
ation by a human may adversely affect presenters [7, 11,
15]. Also, the feedback given by individuals can be biased
based on their personal preferences [16]. Technology-based
interventions, such as virtual audiences and conversational
agents, can be a solution to mitigate these limitations and
to assist participants in improving their presentations [6, 8,
10, 17-21].

Social robots with anthropomorphic characteristics and
social embodiment can promote a “sense of presence” of
another individual in participants [2]. Therefore they can
appear more naturally and engagingly compared to other
forms of interactive technology [22]. Studies have demon-
strated the effectiveness of human-robot interactions, spe-
cifically for addressing stress and anxiety for individuals
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with or without social anxiety [23]. Notably, there is grow-
ing interest in the research community in adapting robots for
coaching and instructional roles [2].

In a previous study, a robotic coach, RoboCop, was devel-
oped for public speaking training using an anthropomorphic
robot head called Furhat [6]. In the role of a public speak-
ing coach, RoboCop provided verbal feedback to speakers,
considering both slide-level feedback and overall feedback
on key aspects of the presentation, including speech qual-
ity, content coverage, and audience orientation. In a within-
participants study with 30 students, the robot head was
compared to visual feedback, as well as spoken feedback
without a robot, and the robotic coach demonstrated signifi-
cant improvements in the presenters. The focus of this study
was to examine how this automated feedback could contrib-
ute to observable improvements in presentation quality over
time. However, this study and other previous studies did not
evaluate the feedback provided by the robot from either the
speaker’s point of view or an expert’s perspective [6].

In terms of the feedback mechanism, studies have focused
on the timing of the feedback [21], the feedback delivery
method (which is related to the embodiment of the technol-
ogy and the scope of its capabilities) [20, 24]. One way to
deliver feedback is through verbal communication, which is
appropriate for embodied agents. In our previous study, we
compared a voice assistant agent and a social robot in pub-
lic speaking rehearsal coaching roles, and the social robot
turned out to be more likable [25].

In the present study, we decided to replicate part of the
system development carried out in RoboCop (an anthro-
pomorphic robot head) [6], using a different, expressive
humanoid robot and test it with a larger population of uni-
versity students. We used the Pepper robot, which has a
humanoid embodiment and can display a wide range of non-
verbal expressions and movements with its body. In future
prototypes of our system human public speaking coaches
could be involved during the whole development stage as
part of a co-design process [26—29], which was not pos-
sible at this stage due to time limitations. Another salient
difference between the Furhat robot (RoboCop) and Pepper
is their different sizes. Among humans, studies have shown
that taller people are perceived as more competent than
shorter ones [30]. However, it is unclear how these findings
would translate to HRI studies in which people manipulate
arobot’s height [31, 32]. Moreover, instead of investigating
the effects of different feedback modalities on speakers’ per-
formance improvement, our study investigates the usabil-
ity and acceptance of a social humanoid robot as a public
speaking coach. We incorporated an expert evaluation of
the system in addition to the user evaluation. This decision
was based on findings indicating that video-based remote
heuristic evaluations by expert evaluators are a valuable
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approach for identifying usability problems in human-
robot interaction design during an early development phase
[33]. We aimed to evaluate the robot in its coaching role
from two perspectives: the speakers’ views of the robot’s
feedback, compared to their self-evaluations, as well as an
expert’s view when observing the robot’s performance in
assessing speakers’ performances. The ultimate goal of this
study is to propose a potential application for social robots
as long-term robotic coaches for public speaking rehearsals
at the beginner level for university students. Before moving
towards this goal, in this study, we developed a humanoid
social robot as a public speaking coach and explored how
50 participants perceive such a system, and their prefer-
ences for future use, with very encouraging results that will
inform the future development of the system. The study
received ethics approval from the University of Waterloo
Human Research Ethics Board.

2 Background Review

In this section, we review the literature that motivated the
design of our study in several related areas of research.

2.1 The Importance of Prosodic Aspects of Speech

Prosody is essential in defining the quality of speech. Pub-
lic speaking guides suggest using dynamic vocal delivery,
represented by variation in intonation, rthythm and volume
[34]. Greater variation in fundamental frequency (Fj), and
speech rate is correlated with higher perceptions of liveli-
ness in speech [35, 36]. In terms of liveliness, pitch vari-
ety affects a speech’s categorization as either monotone or
lively, with the effect found to be stronger in male speak-
ers than in females [35]. Other attributes contributing to the
increased quality of a presentation include the speaker’s
ability to maintain eye contact with the audience and being
aware of their non-verbal communication such as body lan-
guage [37].

Studies on the charismatic effect of speakers showed that
the perception of charisma in a speaker is not only about
visual aspects but is also associated with what is being said
(the content) and how it is being delivered [38, 39]. Stud-
ies have found that the factors related to the fundamental
frequency or Fjy, speech intensity and speech rate are posi-
tively correlated with perceived charisma [40]. In a study, a
comparison was made based on samples of Steve Jobs’s and
Mark Zuckerberg’s presentations [41, 42]. They chose Steve
Jobs because he has been known as one of the most char-
ismatic speakers [42]. According to Niebuhr (2016) [42],
there have been many articles in newspapers and blogs aim-
ing to describe his “presentation secrets” [43] and advise on

how to emulate his presentation delivery style [44]. They
chose Zuckerberg as the less charismatic speaker compared
to Steve Jobs, according to a CNN article by Sutter (2011)
[45] that compares the two CEOs on an impressionistic
level. Extracting the two CEOs’ acoustic features showed
that Steve Jobs had a very high Fj level and a larger Fj
range (equivalent to a higher pitch variety) than average
reference speakers collected from a set of previous stud-
ies. Analysis of acoustic features in Zuckerberg’s speeches
showed that he had a slightly higher speech rate than the
reference values. Moreover, his acoustic features (speak-
ing rate, hesitation duration, hesitation count, Fj level, Fj
range, etc.) were also higher than reference values but not
as significantly as Steve Jobs’s [41]. Indeed, charismatic
speech is associated with a high Fy level, a larger F{, range,
and a relatively fast, however not too fast, rate of speech
[41].

2.2 Coaching Systems for Public Speaking

Existing literature has highlighted the potential of interac-
tive technologies for rehearsing public presentations and
supplementing the currently available support services in
public speaking training. For example, Hoque et al. (2013)
[18] developed a virtual conversational agent called MACH
for mock interview sessions. The agent would ask interview
questions, monitor facial expressions and speech prosodies,
and would react with verbal and non-verbal behaviour in
real-time. The system would give feedback on the total
pausing time, speech rate, amount of fillers, pitch variation,
intensity of participants’ smiles, and voice loudness. The
feedback included both a summarized and a focused version
presented in a visual format. According to experts, students
who practiced with MACH showed improvement in their
overall performance throughout the interview, while the stu-
dents in a control group did not.

Trinh et al. (2014) [8] developed a system, an add-in in
Microsoft PowerPoint called PitchPerfect, to track content
coverage and time management during a presentation. The
findings showed that this system can significantly improve
overall presentation quality and content coverage, and it
helps facilitate mastery of content, presentation timing, and
confidence.

Tanveer et al. (2015) [21] utilized Google Glass, a head-
mounted wearable, as a tool to provide visual real-time
feedback. The device monitored the presenter’s voice loud-
ness and speech rate and offered feedback accordingly. The
feedback strategy was either continuous throughout the
presentation or sparse, that is, at regular time intervals. The
goal was to increase the utility while reducing the distrac-
tion. The results showed that participants were more satis-
fied with the sparse feedback strategy.
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Schneider et al. (2015) [20] developed a multimodal
system called the Presentation Trainer to rehearse for an
elevator pitch and provide presenters with real-time feed-
back, on nonverbal aspects such as body posture, gestures,
voice loudness, and using pauses as well as filler sounds or
phonetic pauses. A mirrored image of the presenter would
be displayed on a screen for the control group, and for the
experimental group visual or haptic feedback would be
also given using the screen and a wristband. The findings
showed that participants preferred this method of learning
over traditional classroom methods. Saukh et al. (2019) [46]
developed a smartphone application named Quantle to mea-
sure fundamental acoustic aspects, including pace, pitch,
and pause in speech. According to [46], Quantle makes it
possible for the user to compare their presentation delivery
to other speakers, and receive real-time feedback.

Wang et al. (2020) [16] developed a user interface as
a voice coaching system for analyzing multiple prosodic
aspects of speech for improvement. A recommendation
module was developed and operated as a search engine,
using a learning algorithm that retrieved relevant TED talk
examples based on the speech content and the voice modu-
lation inputs from the user. This matching process relied on
the cosine similarity of high-dimensional data within the
system. Participants found the system valuable for improv-
ing their skills and expressed satisfaction with their interac-
tions with the system.

Trinh et al. (2015) [47] showed that using a virtual agent
as a co-presenter with the presenter results in a significant
reduction in PSA among presenters and boosts confidence,
especially for non-native English presenters. Kimani et al.
(2019) [19] used a virtual agent in cognitive restructuring
exercises to reduce public speaking anxiety. They showed
that in the treatment condition where the cognitive restruc-
turing exercise was carried out, the presentation practice
was more satisfying and enjoyable for presenters, and it led
to a significant alleviation in speech anxiety and lower ner-
vousness as self-reported by participants. Wang et al. (2020)
[10] utilized the Amazon Alexa smart speaker to guide par-
ticipants in cognitive reconstruction exercises and varied
the sociability level of the voice agent. The results showed
that sociability positively influences perceived interpersonal
closeness, resulting in the reduction of pre-speech anxiety
and boosting satisfaction levels and inclination to use the
agent in the future [10].

2.3 Social Robots as Instructors
Many studies have employed social robots as pedagogical
agents in educational context [48—51]. Belpaeme et al. iden-

tified two main roles, which social robots can take in edu-
cational settings: as tutors and as peer learners [52]. They
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stated that social robots could potentially provide a person-
alized learning experience tailored to the individual, offer-
ing support and challenges that go beyond what is possible
in today’s resource-constrained educational settings [52].
Pai et al. [53] indicated that younger students prefer a social
robot over a private tutor as their learning companion. This
preference was attributed to the robot’s ability to engage
interactively and vividly express emotions [53]. Research
has demonstrated their positive impact on the “sense of
presence” when using social robots compared to other
interactive technologies. Studies have revealed that social
robots, when employed as pedagogical agents, demonstrate
the ability to provide support, such as positive feedback,
thereby positively influencing student motivation, learning,
and conformity with the robot’s requests [54, 55]. Lemaig-
nan et al. [56] showed that the presence of the Pepper robot
integrated into the educational settings of a Special Edu-
cational Needs school for children with Autism Spectrum
Disorder could improve the well-being of students and the
school eco-system [56]. The robot was effective in engag-
ing children through various sensory interactions and offer-
ing psycho-social support. According to studies co-located
robots are preferred over virtual/animated agents or remote
robots in terms of participants’ preference, perceived trust,
enjoyment, and participant engagement [57-61].

Trinh et al. (2017) [6] employed an anthropomorphic
robotic head (Furhat) to analyze five aspects of a presenta-
tion such as content coverage, audience orientation, speaking
rate, filler rate, and pitch variety. The robot provided partici-
pants with automated verbal feedback. The study compared
Furhat with voice-only feedback without the robot and with
visual-based feedback using a screen. Results indicated that
Furhat enhanced presentations compared to the other two
forms of feedback. Participants expressed high satisfaction
with Furhat and showed a willingness to rehearse with it
in the future. While the study primarily focused on par-
ticipants’ rehearsal experiences and worked on the overall
improvement in the presentation quality, it did not evalu-
ate how participants and a human public speaking coach
would assess the accuracy of the automated feedback gener-
ated by the robot, nor explorepotential ways to enhance the
feedback.

Furthermore, when creating a natural-language interac-
tion for a social robot, it is crucial to consider more than just
the conversation design itself. The effectiveness of a human-
robot interaction can be notably influenced by seemingly
minor factors, including the robot’s physical appearance
and non-verbal behaviour [62]. In terms of social robots,
social humanoid robots have been shown in other studies to
have more favourable impacts on participants. For example,
regarding the comparison between Furhat and the Pepper
robot, older adults [63], showed a negative attitude toward
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and negative social acceptance of Furhat. On the other hand
[62] found that Furhat was perceived as displaying emotions
better, more intelligent, and more trustworthy in comparison
to the Pepper robot, however, both of them were perceived
as equally friendly. As mentioned above, the Pepper robot
has also been utilized effectively in a therapy context [56].
Considering Pepper is a humanoid full-body robot with a
cartoon-like appearance capable of complementing speech
with displays of various non-verbal cues and body move-
ments and gestures, we opted for the Pepper robot as the
public speaking coach in our study.

3 Research Questions and Hypotheses

Developing the full-bodied humanoid Pepper as a public
speaking coach we sought to answer the following research
questions (RQs):

RQ1-1 What are acceptance rates and intentions to use the
robot as a public speaking coach?

RQ1-2 How much interpersonal closeness do participants
perceive with the robot when using it as a public speaking
coach?

RQ1-3 To what extent do participants perceive human
nature attributes in the robot?

RQ1-4 How do participants evaluate the performance/feed-
back provided by the robot?

RQ2 What are the views and opinions of a professional pub-
lic speaking coach regarding the feedback provided by the
robot?

The following hypotheses can be proposed to answer the
aforementioned research questions in light of the literature,
although the research is exploratory in nature.

H1-1 Participants are expected to exhibit a positive attitude
towards the Pepper robot and accept it as an appropriate
option for presentation rehearsals. The robot’s ability to pro-
vide sufficient feedback without causing participants to feel
nervous about potential negative judgments is anticipated to
contribute to this positive attitude [4].

H1-2 While behavioural closeness commonly arises in
long-term relationships, it can also manifest in short-term
interactions [64]. Therefore, in this study, we interpret
interpersonal closeness as a transient sense of connection
between the self and another person [64]. Participants are

expected to experience subjective interpersonal closeness
with the Pepper robot as a coach. This assumption is based
on the friendly face of the robot, the active listening behav-
iour, and the sandwich feedback.

H1-3 We sought human nature attribution for the robot
based on studies in counselling and self-disclosure, which
indicate that participants tend to be more comfortable with
a human due to their familiar experiences interacting with
humans. Consequently, the more an agent resembles a
human, the greater the comfort people feel interacting with
it [65]. Based on the anthropomorphic characteristics of the
Pepper robot, and its potential to express non-verbal behav-
iour, we expect that people will anthropomorphize and
ascribe human nature attributes to it that will distinguish it
from machine-like behaviour [66, 67].

H1-4 RQ1-4 asks for participants’ evaluation of the robot’s
performance and its feedback as a coach. Essentially, we
aimed to confirm the functionality of the speech-processing
modules from the presenters’ points of view. We anticipate
that participants will largely agree on the robot’s compe-
tence and the accuracy of its feedback.

Note, that we did not hold any particular expectations con-
cerning the insights gathered from the evaluation session
with the human public speaking coach regarding the devel-
oped system. !

4 Methods

We conducted an in-person user study with university
students and staff to test our system during presentation
rehearsals and gather participants’ opinions about our sys-
tem. The experiment consisted of one rehearsal session with
the Pepper robot and involved delivering a short presenta-
tion in the presence of the Pepper robot, which played the
role of a public speaking coach. The chosen topic for the
presentation was the “History of Canada Day”. The primary
reference for the presentation material was the official web-
site of Immigration, Refugees and Citizenship Canada.? The
presentation covered the chain of events over subsequent
years that led to the celebration of Canada Day on July 1st.
We selected this topic to avoid overwhelming participants
with a cognitively demanding subject. However, we also

! The human public speaking coach was affiliated with the Renison
University College, Waterloo, Canada and holds lectures for univer-
sity students on delivering public academic presentations. The expert
coach was contacted after one of the researchers attended one of their
classes.

2 https://www.canada.ca.
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aimed to ensure the topic wasn’t too easy, incorporating
some political and historical events in Canada’s history,
such as “The British North-America Act,” “Constitution
Act”, and “Anniversary of Confederation.”

After the conclusion of the presentation, the robot auton-
omously provided feedback to the presenter. Each rehearsal
session lasted less than five minutes for each participant,
with the presentation lasting around two to three minutes
and the feedback taking less than two minutes. The feed-
back encompassed an analysis of the presenter’s speech
prosody, speech disfluencies, and audience orientation.

4.1 System Implementation

To analyze participants’ presentations, we considered mul-
tiple metrics in the prosody and vocal aspects of speech,
as well as participants’ audience orientation. All analysis
of acoustic and prosodic aspects of speech was conducted
using the “Praat” software [68] and its Python library called
“Parselmouth” [69] as it provides us with useful functional-
ities for speech analysis.

4.1.1 Robot’s Non-Verbal Behaviour

Listening Behaviour, and Robot’s Engagement: Pepper
expressed active listening during the participant’s presen-
tation through head nodding. We decided for the nodding
movement to occur every six seconds, after some explor-
atory pilot trials. Based on tests by the research team during
implementation, as well as feedback from four pilot par-
ticipants, we decided that nodding every six seconds feels
natural. The vertical head movements alternated between
two random patterns. One involved a slow vertical move-
ment, mimicking comprehension and the process of grasp-
ing information, while the other comprised two consecutive
vertical movements with a relatively faster pace and smaller
amplitude, resembling subtle nods [70]. This variation was
meant to make the listening behaviour appear as natural
as possible, imitating human non-verbal back-channelling
through head nods, and to prevent participants from per-
ceiving a repetitive pattern in the robot’s behaviour.

Every forty seconds, the robot would lean forward with
its torso to further mimic attention. The 40-second period
was decided in an exploratory manner, as we did for the
nodding, considering that more frequent behaviours might
be perceived as distracting, and less frequent behaviours
might be perceived as the robot being not attentive enough.
Additionally, Pepper’s face-tracking module was activated,
allowing it to track participants’ faces throughout their
presentations.
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4.1.2 Presentation Analysis

Articulation Rate: In phonetics, the terms “speech rate”
and “articulation rate” are often used interchangeably, how-
ever, they differ in their definitions. While both represent
“the number of output units per unit of time”, speech rate
includes silent pauses, whereas the articulation rate omits
silent pauses in speech [71].

The articulation rate is defined as the pace at which the
speaker pronounces speech segments disregarding nuances
that the speaker may use while conveying the information,
including filled pauses, hesitations, and so forth [71]. In
contrast, speech rate considers larger speech attributes, such
as the frequency of pauses, laughter, and filler words for
instance “you know”, “I mean”, etc. These attributes nor-
mally affect speech fluency, and define a unique communi-
cation style associated with the speaker [71]. For this study,
articulation rate provides us with a more relevant assess-
ment of cross-dialectal disparities in speech tempo by elimi-
nating additional within-speaker variables [72].

To compute the articulation rate, we utilized counting
the syllable nuclei method [73]. To this aim, we used an
open-source script for detecting syllable nuclei which are
peaks preceded and followed by dips in intensity. The algo-
rithm employs the intensity to find peaks in energy contour
to detect and count the centers of syllables or nuclei [73].
Syllable nuclei or the vowels within a syllable (the syllable
nucleus) have higher energy than the surrounding sounds.
Then the intensity contour is used to ensure that the inten-
sity between the current peak and the preceding peak is
sufficiently low [73]. Praat considers a silence threshold of
—25dB or —20dB. According to the reference, the segments
that are at least 2dB above the median intensity measured
across the total sound file were considered as potential
syllables [73]. Any segment with an intensity below this
threshold was classified as an unvoiced (silence) segment
and excluded from the analysis, leaving only the voiced seg-
ments [74]. Finally, we calculated the number of syllable
nuclei per phonation time (speaking time minus the time of
silent pauses).

Pitch Variety: The pitch contour is derived using auto-
correlation in Praat. For this study, we considered the pitch
floor of 75 Hz, and the pitch ceiling of 500 Hz [75]. Accord-
ing to previous studies, the overall pitch variation is signifi-
cantly associated with speech quality [76]. To calculate the
pitch variety, we computed the difference between the 95th
quantile and the 5th quantile of the pitch contour in Hertz
[6].

Voice Intensity: To compute voice intensity, we uti-
lized the intensity contour and assessed the mean intensity
throughout the entire presentation duration. The threshold
values for voice intensity were determined empirically (by
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conducting some initial tests inside the experimental room).
Minimum and maximum intensity thresholds of 52dB and
70dB in Praat, respectively, were established to define the
audio signal’s quietness and loudness.

Filler Rate: Filler words such as “um” and “uh” were
detected using the AssemblyAl speech-to-text transcrip-
tion functionality. Participants’ recorded audio signals were
transmitted to the API using its token and an HTTP request.
The response contained the transcribed text along with
metadata associated with the text. It can be configured to
include the number of filler words presented in the audio.
The specific filler words considered by the API could be
set in the HTTP request. Finally, we divided the number of
filler words by the phonation time (speaking time excluding
silent pauses) in minutes to calculate the filler rate. The APIs
response, which depended on the audio signal’s duration,
was received with a short delay. In our study, where most
presentations were around 3 minutes, the response time for
calculating the filler rate was approximately 20 seconds. The
AssemblyAl API automatically deletes uploaded files from
their servers either once the transcription process concludes
or after 24 hours from the initial file upload.

Audience Orientation: Audience orientation was
intended to evaluate participants’ maintenance of eye con-
tact with the audience. Since presenters were not standing
close to the robot, monitoring their gaze would be prone to
errors. Therefore, we estimated eye contact using the head
pose of participants throughout their presentations. For this
purpose, we attached a webcam to the top of Pepper’s tablet
to capture and track participants’ upper body movements.
The real-time head pose estimation algorithm utilized the
perspective-n-point (PnP) solution [77] to estimate the posi-
tion of one’s head in the three-dimensional space from the
two-dimensional input image. The PnP solution produced
transitional as well as rotational matrices. The rotational
matrix included a three-dimensional angle in space. The
angle concerning the y-axis represented head yaw and pro-
vided a reliable estimation of the time during which the
presenter was looking towards the robot or the simulated
audience. We chose an angle of 13° as the threshold for head
orientation. If the presenter’s head yaw exceeded 13° or fell
below —13° it indicated a shift from looking towards the
audience.

4.1.3 Robot’s Verbal Feedback

All speech parameters and the previously discussed audi-
ence orientation (towards the robot) are calculated. As the
presentation reaches its conclusion, the results of these cal-
culations are compared to empirically defined thresholds, cf.
[6]. We considered these values as appropriate benchmarks,
based on insights gathered from literature on successful
speech and information collected from experts [6, 21, 35].
We used the thresholds reported in [6]. In their study, eight
participants were recruited to subjectively rate the speech
measures and eye contact of 20 presentation samples. The
presentations were randomly selected from a corpus of 696
samples from different speakers, each 20seconds long.
They calculated the cutoff thresholds based on the positive
or negative feedback given by participants. As identifying
appropriate ranges for speech measures in public speak-
ing can only be defined based on empirical evidence, we
found the aforementioned method acceptable and adopted
the thresholds. The robot provides positive or negative feed-
back based on whether the results of the calculations for
each parameter fall within the accepted range or not. Table 1
represents the accepted range for all variables we calculated
for each presentation based on a previous study [6].

We utilized the sandwich feedback method for the robot
to provide feedback [79]. This method involves sandwich-
ing corrective feedback between two general positive state-
ments. Research has demonstrated its positive effects on
the performance of individuals [79]. It assumes that people
are more receptive to negative feedback when it follows a
compliment, therefore reducing discomfort associated with
criticism. Although there have been some recent doubts
about the effectiveness of this feedback strategy [80], we
decided to adopt the same feedback method as it is widely
used [81-83].

The feedback structure is as follows:

1. A brief opening statement conveying appreciation for
how interesting the presentation was.

2. Positive feedback consists of acknowledging aspects of
the presentation that were successfully conducted.

3. Constructive feedback consists of aspects that could
have been improved along with corresponding sugges-
tions for improvement.

Table 1 Defined threshold values for all the variables calculated in a presentation [6]

Metrics Range

Speech rate (syl/s) [0,3] slow (3,5) good [5,00) fast
Pitch Variety (Hz) [0,120) monotonous [120,00) good

Voice Volume (dB) [0,52) quiet [52,70] good (72,00)loud
Audience Orientation [0,0.4) low [0.4,00) good

Filler rate (Fillers/minute) [0,5) low [5,15) moderate [15,00) high
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4. A concluding expression of appreciation for the
presenter.

Furthermore, we generated corresponding written versions
of each positive or corrective feedback. The written notes
were displayed on Pepper’s tablet, synchronized with the
timing of the verbal feedback. The accompanying written
versions of feedback were intended to help participants
have a concise visual representation of the verbal feedback,
facilitating feedback recall for later. Positive feedback was
showcased on a green-coloured screen, while corrective
feedback appeared on a red-coloured screen.

4.2 Experimental Setup

The experiment room was designed to simulate a presenta-
tion rehearsal class, including a lectern with a laptop for the
participants to use, presentations projected onto a wall, and
a ‘simulated’ audience. The Pepper robot was positioned on
one side of the room, and a podium with a laptop was placed
within a distance, directly in front of the robot. The podium
was set at an angle, requiring participants to turn their heads
away from the robot if they wanted to view the slides on the

Fig. 1 The image shows the simu-
lated audience using copy-right
free photos that were attached to
the wall behind and around the
robot’s location [84]

il
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laptop. A projector was installed in the room, connected to
the laptop on the podium, projecting the presentation slides
onto the wall behind the participant. To provide contextual
information, copyright-free images were incorporated to
represent the audience [84]. Figure 1 illustrates the arrange-
ment of audience images surrounding the robot and attached
to the wall behind it only as contextual information. It was
not possible during the study to have a real live audience
(i.e. a group of people who come to each session, behav-
ing in a consistent manner for each participant). We initially
considered having pre-recorded videos of an audience, but
we excluded this option since the behaviour of that audi-
ence would be non-contingent with the presentation and
the presenter, and thus might influence the speaker [85-87]
as contingent behaviour is crucial in human-human inter-
action [88]. Finally, instead of participants speaking to a
blank white wall, we decided to display pictures of a diverse
“potential audience” just behind/around the robot, so that
the participants’ gaze towards the robot coach and “audi-
ence” were close.

A laptop containing post-study questionnaires was posi-
tioned on a separate desk for participants to complete the
post-experimental questionnaires. Two cameras recorded
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each presentation session, with one capturing participants
from the front view and the other recording the entire
experiment room from a side view. The researcher initiated
the recording on both cameras just before the participant
entered the experiment room. Figure 2 depicts the experi-
ment setup from the perspectives of both cameras.

4.3 Procedure and Measures

Most participants were university students, while a few were
staff working at the university. Posters across the campus
were used to inform potential participants of the study. Each
participant initially received a code, which would be their
identification code linked to the data collected from them.
The researcher shared the presentation slides and notes
with each participant a few days before their sessions. The
notes, meant to help participants to prepare for their pre-
sentations, explained a sequence of events that led to the
celebration of Canada Day based on Canada.ca. The presen-
tation, which can be delivered in about two minutes, com-
prises less than one page of notes and consists of only four
slides. The first slide shows the topic of the presentation, and
the last one includes an appreciation sentence (cf. details
in Appendix A). Participants were requested to review the
material before the experiment. Additionally, participants

were asked to review the consent form and the information
sheet, sign them, and complete the pre-study questionnaire.

On the experiment day, we invited participants to our lab
and requested them to stand next to the podium, approxi-
mately one and a half meters away from where the Pepper
robot was positioned. Participants were instructed to stand
in front of the Pepper robot as much as possible without
walking around. The podium was angled relative to the par-
ticipant’s position so that when they wanted to look at the
laptop screen, their head yaw would exceed the orientation
towards the robot and the audience pictures. Participants
could shift from orienting towards the robot to looking at
the projected slides on the wall behind them during the pre-
sentation, which is a common situation when giving presen-
tations to an audience.

Participants were provided with brief instructions about
the experiment after they entered the experiment room. The
experimenter would ask them not to move the podium or
the laptop. Also, the researcher would make sure that the
webcam attached to the robot would properly capture par-
ticipants’ upper body. Participants were also given a wire-
less microphone to attach to their shirts. Then the researcher
would exit the experiment room, start recording the partici-
pant’s audio, and ask participants to start their presentation.

Fig. 2 Images of the experimental setup showing the viewpoints that the two cameras recorded during the sessions
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The presentation typically lasted around two minutes,
after which the robot provided verbal feedback. Before
delivering the feedback, the robot would request a brief
moment (“Please take a short break, while I am reviewing
your presentation.”) to review the presentation due to the
short delay of the AssemblyAl speech-to-text transcrip-
tion module. Finally, the Pepper robot asked participants to
answer post-study questions using the laptop on the desk.
This approach aimed to minimize interactions between the
experimenter and the participants until the end of the post-
experimental phase. The entire process of data monitoring,
analysis, and robot feedback was nearly autonomous, and
the experimenter did not interfere during the session. When
the presentation ended, the researcher would only stop the
listening phase and start the feedback phase, as the system
cannot identify the end of the presentation.

4.3.1 Pre-study questionnaire

The pre-study and post-study questionnaires were cre-
ated using Qualtrics.® The pre-study questionnaire covered
demographics and participants’ prior experience with inter-
acting with robots and robot programming. Participants
were asked whether English was their second language or
if they were native English speakers. We asked this ques-
tion to gather additional information about participants’
demographics and to determine if there are any differences
in ratings given to the robot between English as a Second
Language and native speakers. Additionally, they were
asked to specify the languages they spoke at home (“What
languages do you speak at home?”). The questionnaire also
queried about the number of presentations participants had
delivered in the past two years, whether they had taken any
public speaking classes, and whether they felt the need for
such classes. Following that, participants were presented
with the two questionnaires below. (Please note that par-
ticipants were given the option to not answer any of the
pre-study questions if they wished, in compliance with the
ethics guidelines at University of Waterloo).

Personal Report of Communication Apprehension,
Public Speaking Sub-scale (PRCA-PS): The public speak-
ing sub-scale of the PRCA [89] consists of six items, each
rated on a S-point Likert Scale ranging from 1 (strongly
agree) to 5 (strongly disagree). This results in a minimum
score of 6 and a maximum score of 30, where higher scores
indicate greater anxiety about public speaking. Scores fall-
ing between 13.75 and 20.75 represent moderate levels of
anxiety, while scores above 20.75 indicate high levels of
anxiety. Previous studies have demonstrated good reliability

3 https://www.qualtrics.com.
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and internal consistency of these scores based on Cron-
bach’s alpha [90].

Ten-Item Personality Inventory questionnaire (TIPI):
TIPI is a concise method of assessing the Big-Five per-
sonality traits with only ten items, including extraversion,
agreeableness, conscientiousness, emotional stability, and
openness to experiences. The items are on a 7-point Likert
scale from 1 (Disagree strongly) to 7 (Agree strongly) [91].

4.3.2 Post-study questionnaires

In this section, we describe the post-study questionnaires
that were asked of participants right after their presentations:

Acceptance and Intention to Use The Almere model is
a continuation of the Unified Theory of Acceptance and Use
of Technology (UTAUT) questionnaire, primarily developed
to assess the acceptance of social assistive robots among
older adults [92]. Previous studies demonstrated the Almere
constructs are solid enough to be used for older adults in
various settings [92]. We made minor adjustments to the
Intention To Use construct so that instead of “during the
next few days,” we have “in the future” (since participants
could not expect to see the robot again). For the Attitude
towards technology, we added “to rehearse presentations”
to the sentence “It’s good to make use of this robot,” and “as
a public speaking coach” to the end of “I think it’s a good
idea to use the robot” to adapt it to the current application
(public speaking). For the same reason, in the “Perceived
Usefulness” instead of “I think the robot can help me with
many things,” we asked, “I think this robot can help me with
my presentations.”

The questionnaire consists of 13 constructs: Anxiety,
Attitude towards technology, Facilitating Conditions, Inten-
tion to Use, Perceived Adaptiveness, Perceived Enjoyment,
Perceived Ease of Use, Perceived Sociability, Perceived
Usefulness, Social Influence, Social Presence, Trust, and
Use. The Attitude towards technology is an essential factor
for Intention to Use. Each construct includes some ques-
tion items, and the responses are on a 5-point Likert scale
from “Totally disagree” to “Totally agree” [92]. According
to [92] constructs have interrelations, and some of these
constructs are significant in predicting the Intention to Use,
such as Perceived Usefulness, Perceived ease of Use, Per-
ceived Enjoyment, Trust, and Attitude towards technology.
On the contrary, Anxiety, Perceived Sociability, Perceived
Social Presence and Perceived Adaptiveness do not appear
to be directly associated with the Intention to Use [92].

Perceived Closeness: The Inclusion of Other in the Self
(IOS) Scale is a method used to assess connection or inter-
personal closeness with another entity or a group, employ-
ing Venn-like diagrams in the form of circles with varying
degrees of overlap [93]. The IOS scale has been shown as a
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Table 2 Questions on perceived active listening behaviour - these
questions were posed to participants to gauge their perception of the
robot’s active listening behaviour

Questions

Response scale

While I was presenting, the robot was: (Not listening at all,
Strongly listening)
(Not attentive at all,
Very attentive)
(Not engaged at all,
Very engaged)

While I was presenting, the robot was:

While I was presenting, the robot was:

psychometric suitable measure for closeness which can be
applied in different scenarios [93]. In our specific context,
we inquired about participants’ interpersonal closeness with
the Pepper robot. The scoring system is based on assign-
ing a numerical value based on the level of overlap among
circles: 1=no overlap; 2=little overlap; 3=some overlap;
4=equal overlap; 5=strong overlap; 6=very strong over-
lap; 7=most overlap.

Perceived Human Nature (HN): According to Haslam
et al. [94] aspects of human nature can be summarized into
emotional responsiveness, interpersonal warmth, cognitive
openness, agency, and depth. When any of these aspects is
denied, it leads to entering the dehumanization area or a
mechanistic perspective, causing the entity to be perceived
as inert, cold, rigid, passive, and superficial [94]. In the cur-
rent study, we evaluated the Pepper robot in terms of its HN
attributes using a continuous scale ranging from 0 to 1000
(for all questions in this study we used a continuous scale
[95, 96], participants would see sliders with attributes on
each end, not showing the recorded values (0-1000), that
were recorded according to their choices).

Perceived Listening Behaviour: We asked for par-
ticipants’ perceptions of the Pepper robot’s active listening
behaviour, considering previous studies that indicate the
importance of such behaviour in conveying attentiveness,
fostering engagement, and building rapport [70, 97-100].
Participants’ perception of the robot’s active listening
behaviour was crucial, as the robot, in the role of a coach,
may need to demonstrate a certain level of comprehension
in the presentation rather than mechanistically calculating
the parameters. To inquire about the perceived listening
behaviour of the robot, we asked questions in Table 2 on a
continuous scale.

Table 3 Questions asked on robot evaluation and feedback assessment

General Evaluation of the Robot’s Behaviour and its
Feedback: To assess participants’ evaluations of the Pepper
robot in its role as a coach, we inquired about the robot’s
competence, the accuracy of its feedback, and participants’
willingness to use the Pepper robot for future rehearsals.
To evaluate feedback we considered the comprehensibility
and relevance of the feedback with respect to participants’
self-evaluations. Responses were provided on a continuous
scale. The question items are presented in Table 3.

The Negative Attitudes towards Robots Scale:The
Negative Attitudes Towards Robots Scale (NARS) [78]
is used to measure anxiety or negative emotions towards
robots, which may prevent someone from having dyadic
interactions with robots [78]. This questionnaire consists of
14 items divided into three subscales: S1 - Negative Atti-
tude Toward Situations of Interaction with Robots (6 items),
S2 - Negative Attitude Toward Social Influence of Robots
(5 items), and S3 - Negative Attitude Toward Emotions in
Interaction with Robots (3 items). Responses are recorded
on a 5-point Likert scale from “Strongly disagree” to
“Strongly agree.” Due to the way the items are phrased, they
can potentially introduce negative biases in participants;
therefore, participants answered this questionnaire last.

4.3.3 Expert Evaluation

After completing the study with university students, we
invited a professional public speaking coach to evaluate our
system, specifically focusing on the accuracy of the feed-
back provided by the robot. Nine videos, encompassing
both the presentation and feedback phases, were randomly
selected for assessment. The human coach attended the
laboratory in-person and watched the videos on a television
screen. To ensure audio clarity and minimize background
noise, we provided the human coach with a headphone.
Immediately after watching each video, the human coach
would answer three questions, with two of them rated on
a continuous scale, and the last one recorded as an audio
response (with their approval). The questions to be rated
by the human coach aimed to gauge the human coach’s
perspective on the relevance and instructive aspects of the
robot’s feedback (The question items are shown in Table 4).

Questions

Response scale

Evaluation of the Robot

I found the robot as a public speaking coach:

I found the robot as a public speaking coach:

How do you feel about having robots as public speaking coaches?
Feedback Evaluation

How well did you find the feedback provided by the coach?

How relevant was the robot’s feedback to you?

(Not competent at all, Very competent)
(Not helpful at all, Very helpful)
(Strongly disagree, Strongly agree)

(Not understandable at all, Very understandable)
(Not relevant at all, Very relevant)
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Table 4 Evaluation of Robot’s feedback

Questions

Response Scal

After
watching
each video

After
watching
all videos

What do you think about the robot’s
feedback, given the presenter’s
performance?

What do you think about the content
of the feedback provided by the
robot?

How would you evaluate the perfor-
mance of the robot as a coach?

Do you think the robot is useful to be
used in the University of Waterloo for
presentation rehearsals?

Very irrel-
evant Very
relevant

Not instruc-
tive at all Very
instructive
Very unhelp-
ful Very
helpful

Not at all Very
much

Selecting 9 random
videos

After each video e

The human coach answers
two questions on a tablet,
and one open-ended
question verbally

Y

The human coach
answeres two questions
about the videos he
watched on the tablet

Fig. 3 The diagram shows the procedure we followed for evaluating

A

End of session

the system by a human public speaking coach

@ Springer

Then the coach was asked an open-ended question, and
the response was recorded on audio: What specific aspects
of the feedback could be improved?

After watching all nine videos, we presented two addi-
tional questions to the human coach on the tablet to gather
an overall assessment of the robot’s performance. Figure 3
depicts the procedure we followed as well as the order of
questions we asked the human coach.

4.4 Participants

We recruited a total of 48 university students and 2 univer-
sity staff members for this study by distributing flyers around
the campus. The age range was [97, 101], with a mean age
0f20.82 years. Among them, 30 self-identified as female, 18
as male, and 2 chose not to disclose their gender. Regard-
ing academic status, 23 were undergraduate students, 21
were master’s students, 4 were Ph.D. students, and 2 chose
not to disclose their academic status. We acknowledge that
the participant sample is biased towards undergraduate stu-
dents, who usually have less presentation experience than
graduate students. Out of the 50 participants, 33 reported
having previous interactions with robots, while 17 did not.
Additionally, 11 had prior training in public speaking skills,
and 28 expressed a need for training in public speaking
skills. Figure 4 (a) displays the distribution of the languages
participants reported as their primary spoken languages at
home. Each participant received 10 CAD remuneration for
their participation in this study. Figure 4 (b) represents the
probability density function of the PRCA-PS scores.

5 Results

The findings of our evaluation study are presented in this
section. The evaluation consisted of one rehearsal session
with the Pepper robot.

5.1 Acceptance and Intention to Use

We used the 10 most relevant constructs in the question-
naire, including Anxiety (ANX), Attitude towards technol-
ogy (ATT), Intention to Use (ITU), Perceived Adaptiveness
(PAD), Perceive Enjoyment (PENJ), Perceived Ease of
Use (PEOU), Perceived Sociability (PS), Perceived Use-
fulness (PU), Social Presence (SP), Trust. Figure 5 shows
the results of the average scores for each of the constructs
accompanied by the 95% confidence interval.

According to Fig. 5, the mean score and the standard
deviation of anxious reactions when interacting with the
robot was (M = 1.74, sd = .68), which shows that par-
ticipants did not feel anxiety during interactions with the
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Pepper robot. The results for Attitude towards technology
(M = 4.33,sd = .75) showed positive rather than nega-
tive feelings towards appliance of the technology. Perceived
Sociability (M = 4.03, sd = .74) shows a high perception
of sociable behaviour in the robot, Perceived Usefulness
(M =4.2,sd = .76) also received a high average score

20 25 30

PRCA-PS
(b)

Fig. 4 (a) Distribution of languages participants speak at home, showing the number of participants for each language. (b) Probability density
distribution plot of participants’ PRCA-PS scores. The vertical line is the mean of the PRCA-PS scores among participants

represents the perception of assistive potential in the robot.
Finally, the Trust (M = 4.21, sd = .65) score was also rel-
atively high and above 4 which indicates that participants
assessed the robot’s performance as reliable.

The average score for Perceived Adaptive-
ness (M =3.9,sd =.65), and Perceived Ease
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Fig.5 Almere model constructs
scores. Dark blue points show
the mean score for each construct
and error bars indicate 95% con- I
fidence intervals. The yellow line
represents the neutral choice

5 Totally agree

Avg Scores
w

)

1 Totally disagree
ANX ATT ITU

Table 5 Number of participants choosing different diagrams in the
inclusion of other in the self (I0S) scale

Diagram Frequency
No overlap 5(10%)
Little overlap 10 (20%)
Some overlap 11 (22%)
Equal overlap 14 (28%)
Strong overlap 4 (8%)
Very strong overlap 5(10%)
Most overlap 1 (2%)

of Use (M =3.88,sd=.44), Intention to Use
(M =3.76,sd = .83), and  Perceived Enjoyment

(M = 3.75, sd = .38) were also above the neutral choice.
Perceived Social Presence was the only construct that was
reported lower than other constructs, and slightly above the
neutral choice (M = 3.22, sd = .69).

Further analysis: To explore the potential confound-
ing effects of other factors, such as NARS and PRCA-PS
scores, on participants’ ratings of the robot, we conducted
regression analysis using linear models. We ensured the
appropriateness of linear models through tests like normal-
ity of residuals. The factors considered in the linear models
were chosen to minimize multicollinearity and minimize
the Akaike Information Criterion (AIC) [102]. We included
43 participants in the analysis since 7 records were missing
from the PRCA-PS survey.

According to the results, the anxiety towards the robot
(se=.006, =4.324, p < .001) was positively correlated
with the NARS score, and the attitude towards the robot
(se=.032, =-3.042, p < .01), as well as the intention to use
the robot (se=.036, =-2.862, p < .01) was negatively cor-
related with the NARS score. Moreover, the intention to use
the system was negatively correlated with the PRCA-PS
scores (se=.053, t=-2.693, p <.05), and previous attendance
in public speaking skill classes (se=.711, r=-2.548, p <.05).
Participants’ perceived usefulness (se=.055, =-2.721, p <
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PAD PENJ PEOU PS PU SP Trust
.01), and the trust towards robot’s feedback (se=.033, t=-
2.231, p < .05) were negatively correlated with the PRCA-

PS scores.
5.2 Perceived Interpersonal Closeness

The results of the IOS scale showed the mean score of
M = 3.42, and the standard deviation of sd = 1.51 across
all participants. Table 5 shows the number of participants
for each diagram.

5.3 Perceived Human Nature Attributes

The findings of the HN questionnaire are displayed in Fig.
6. As shown, the Pepper robot received high ratings in all
dimensions of HN except for its emotional responsiveness
(M = 528.64, sd = 275.22). The mean scores and standard
deviations for warmth (M = 716.84, sd = 234.79), per-
ceived openness (M = 685.8, sd = 261.79) were all above
the neutral choice, and agency or liveliness had the highest
mean value (M = 742.66, sd = 229.38).

Perceived Listening Behaviour: Fig. 7 shows
that the scores for the robot’s listening behaviour dur-
ing presentations (M = 829.98, sd = 154.841), atten-
tiveness (M = 837.6,sd = 156.58), and engagement
(M = 787.32, sd = 179.435) were notably high.

5.4 General Perception of the Robot as a Public
Speaking Coach

We evaluated how well the robot performed as a coach from
the participants’ perspectives. Figure 8 shows the mean and
standard deviation of all measurements were high, includ-
ing competence (M = 818.02, sd = 201.92), perceived
helpfulness (M = 912.16, sd = 126.21), willingness for
future use (M = 834.2,sd = 178.2), perceived feedback
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Fig. 6 Human nature characteris-

tics attributed to the pepper robot.

Dark blue points show the mean
score for each attribute and error
bars indicate 95% confidence
intervals. The yellow line shows
the midpoint on the slider

Fig. 7 Perceptions of active
listening on the robot. Dark blue
points show the mean score for
each item and error bars indicate
95% confidence intervals. The
orange line shows the midpoint
on the slider

Fig. 8 General perceptions of
the robot as a public speaking
rehearsal coach and the feedback
provided by the robot. Dark blue
points show the mean score of
each item and error bars indicate
95% confidence intervals. The
yellow line indicates the neutral
choice
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comprehensibility (M = 827.5,sd = 193.31), and per-
ceived feedback relevancy (M = 855.56, sd = 165.12).

Further analysis: The results of the linear regression
analysis revealed significant correlations between percep-
tions of the robot’s active listening behaviour and the assess-
ment of the robot’s Human Nature attributes. According to
the results, perceived non-verbal active listening behaviour
in the robot was significantly correlated with perceived emo-
tional responsiveness (se = 0.227,¢ = 3.232, p < .01), per-
ceived warmth (se = 0.19,¢t = 4.294, p < .001), perceived
openness (se = .209,t =4.717,p < .001), and perceived
agency (se = .22,t = 2.439, p < .05) in the robot. Further-
more, participants’ ratings of interpersonal closeness with
the robot, as measured through the IOS questionnaire, are
positively correlated with perceived non-verbal active listen-
ing behaviour in the robot (se = .001,¢ = 2.061, p < .05).

Perceived competence was correlated with perceived
feedback relevancy (se=.106, =6.99, p < .001) and per-
ceived attentiveness of the robot (se=.112, =2.51, p <.05).
Similarly, the helpfulness of the system was correlated with
feedback relevancy (se=.113, =3.374, p < .01) and with the
NARS scores (se=2.319, =-2.24, p < .05). Furthermore,
willingness to use the robot as a public speaking rehearsal
coach at the university had positive correlations with per-
ceived feedback relevancy (se=.099, =7.459, p <.001) and
negative correlations with NARS (se=2.036, t=-2.436, p <
.05).

5.5 Expert Evaluation

In Fig. 9, the evaluations by the expert are presented,
with a focus on feedback relevancy as well as the
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Fig. 9 Perceptions of the human coach regarding the feedback rel-
evancy and feedback instruction quality provided by the robot as a
coach. The dark blue triangle shows the average human coach’s ratings
over nine videos, and the error bars indicate 95% confidence intervals
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instructional quality of the feedback. Feedback relevancy
(M = 843.22, sd = 107.07) and instructional quality of the
feedback (M = 842.11, sd = 92.76) were assessed to be
on the positive extremes, indicating agreement between the
human coach and the robot’s evaluations of the presenters.

In the qualitative analysis, we transcribed the human
coach’s responses recorded after each video for improving
the robot’s feedback into a textual format using the Assem-
blyAl speech-to-text transcription API. Subsequently, we
conducted a qualitative analysis of the transcribed text to
gain valuable insights into the robot’s performance and iden-
tify areas for improvement in feedback, as perceived by the
expert human coach. For the qualitative analysis, first the
researcher who interviewed the human coach identified the
main points from the expert’s responses regarding aspects
when he agreed or disagreed with the robotic coach. These
points were then shared with the co-authors. The research
team then jointly reviewed and summarized the points to
retain the most important ones. The main identified points
are shown in Table 6.

The results of the final two questions Table 4 aimed at
obtaining an overall assessment of the robot’s performance
are as follows. For the first question, the score provided by
the human coach was 918, indicating his overall positive
evaluation of the robot’s performance as a coach. The sec-
ond question was answered by the human coach with a score
of 838, demonstrating his general support for having an
agent at the university to assist with presentation rehearsals.

6 Discussion

We conducted an evaluation study utilizing the Pepper robot
as a public speaking rehearsal coach. The robot delivered
verbal feedback to presenters, addressing both positive and
negative aspects while providing suggestions for improve-
ment. The selection of the Pepper robot for this study was
motivated by its anthropomorphic design and its diverse
expressive features, including the ability to display arm
movements and hand gestures. We aimed to understand
participants’ acceptance and intention to use the robot for
presentation rehearsals, assess their perceived interpersonal
closeness, evaluate the robot’s human nature attributes, and
gauge the robot’s competence as a coach. Additionally, we
sought expert evaluation to assess the robot’s feedback on
some selected presentations.

6.1 Acceptance and Intention to Use
The ratings that participants gave to the Almere model

construct support Hl-1 on accepting the technology and
intending to use it. Specifically, the constructs that are
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Table 6 The results of the qualitative analysis of the open-ended question after each video in the feedback session with the human expert, where

points of agreement and disagreement were identified

Participantl
Points of Agreement

Points of Disagreement

Participant2
Points of Agreement

Points of Disagreement
Participant3
Points of Agreement

Points of Disagreement

Participant4
Points of Agreement
Points of Disagreement

ParticipantS
Points of Agreement

Points of Disagreement

Participant6
Points of Disagreement

Participant7
Points of Agreement

Points of Disagreement

Participant8
Points of Agreement
Points of Disagreement

Participant9
Points of Disagreement

The robot detected clear volume, it was louder than speaking voice

The robot detected suitable speech rate

Fillers may not be associated with anxiety, and there were not too many fillers

There were some indications of nervousness in his body movement, but not in his voice
The presenter couldn’t sustain eye contact really well

The robot could provide a good feedback on fillers

The robot mentioned confidence and preparation for lack of fillers

I agree as they are key elements for reducing filler words

The robot is particularly good at evaluating speech rate

The robot suggested breaking the sentences into shorter phrases to improve speech rate
The only thing I would tweak is to suggest the idea of pausing more

I would definitely agree with the robot that the speech was monotonous

There wasn’t a huge pitch range. A lot of the words within sentences were not being stressed

I don’t agree that having a good volume can solely make the speech be followed without any difficulty
One could scream but you can still have difficulty following the speech

The robot contradicts itself when it says it had difficulty due to lack of pitch variety

I didn’t totally agree with the eye contact statement

She could have done a better job in terms of maintaining eye contact

I use the kind of sandwich approach that the robot does

The robot gives feedback about the whole presentation

Whereas there was a definite change in how she presented from the first 30 seconds to the rest

It would be good if there were a way to take into account different parts; the introduction can be very telling
I would provide overall feedback, and then I would talk about specific areas

I did like the robot’s observations about a large number of filler words, and its instructions

The robot did a good job on assessing the articulation rate, as she did have a suitable articulation rate
The problem is that all these things are kind of tied together

The speech rate is a composite measure of speed and breakdowns together

She did not have a good speech rate

I disagree with the robot’s feedback about pitch variety, as I thought her speech was quite monotonic

I would disagree about the intonation variety. It depends on the listener’s expectations though

Pitch variety is very culturally determined, and in some cultures, low amounts of pitch variety are totally acceptable

But if I were the robot, I would advise trying to expand the pitch range a bit more

I thought the feedback was quite accurate in terms of what I would say as well

I agree with the robot that her speech rate was in the optimal zone

I thought it was interesting that the robot pointed out her lack of pitch this time

With accented speech, there is a U-shaped curve in terms of comprehensibility

Too fast speech is more incomprehensible, and too slow speech is too hard to sustain attention
From my perspective, you cannot really highly accurately measure pitch variety

I agree with the feedback on articulation rate and pitch variety

Due to the accent and articulation, there were portions that I was unable to understand

Regarding volume, there were times when he talked to himself

The first language plays an important role in how you pronounce the vowels and intonation

Some languages are stress-timed and some are syllable-timed which reflects tone, prominence and stress
The robot does not pick up on distinguishing between languages

I would ask them to embrace the idea of the pause, a bit more
It advised speaking in shorter sentences, but taking longer pauses at critical points should be mentioned
She appeared to be very confident, but at the same time, it seemed that she was just trying to get it over with
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correlated with Intention to Use, namely Perceived Useful-
ness, Perceived Ease of Use, Perceived Enjoyment, Trust,
and Attitude towards technology, received high scores on
average. According to the results of the Almere model,
participants reported low evoked anxious reactions when
rehearsing with the robot. This has both positive and nega-
tive implications for the experiment. On the positive side,
participants felt low anxiety, partly because they were aware
that the robot could not form a negative judgment of them.
This anxiety reduction could be associated with the fear of
negative evaluation that people may feel in front of humans.
Therefore, the robot could provide participants with a com-
fortable rehearsal session without the fear of judgment. On
the negative side, a counterfactual to consider is that the
scenario did not effectively replicate a real presentation ses-
sion. Thus, participants’ experiences in the current experi-
ment may not be comparable to what they would experience
in a real presentation.

The findings indicate that Almere constructs received
high average scores, particularly in Attitude Towards the
Agent, Perceived Usefulness, Trust, Perceived Sociability,
Perceived Ease of Use, Perceived Enjoyment, and Perceived
Adaptiveness. By examining the interrelations between
Almere constructs [92], we can infer participants’ inclina-
tions and their willingness to use the system, as reflected in
the high scores given to the robot.

Apart from the results considering the average scores,
participants with higher self-reported public speaking anxi-
ety exhibited less trust in the robot’s feedback and perceived
lower usefulness in the system. Moreover, higher public
speaking anxiety led to a decline in the intention for future
use. It is important to note that these negative correlations
do not necessarily imply that people with higher public
speaking anxiety may have a negative opinion about the
system, as the error bars and confidence intervals in ratings
showed very small intervals. However, this can indicate a
lower preference associated with people with higher pub-
lic speaking anxiety compared to those with lower levels
of anxiety, which may be related to their reluctance or dis-
comfort with the mere act of delivering presentations. For
further elaboration on this hypothesis, future research can
conduct interviews with individuals with high self-reported
public speaking anxiety to understand their feelings when
giving presentations in front of the robot.

Participants with higher negative attitudes toward robots,
as measured by the Negative Attitudes toward Robots Scale
(NARS), exhibited more anxiety toward the robot, as mea-
sured by the anxiety construct (ANX) in the Almere model.
This aligns with prior research that showed a positive corre-
lation between negative attitudes towards robots, perceived
anxiety, and subsequent behaviours such as communica-
tion avoidance with robots [15]. NARS was also negatively

@ Springer

associated with the attitude towards technology(ATT), and
intention to use (ITU) in the Almere model.

6.2 Perceived Closeness

As a result of analyzing the 10S scale, H1-2 is partially
supported by the available data, as 70% of the participants
selected from “Some Overlap” to “Most overlap” in terms
of their perceived interpersonal closeness with the robot.
Moreover, participants who perceived the non-verbal active
listening behaviour in the robot reported more interper-
sonal connections and rapport with it. This observation is
consistent with previous research on active listening behav-
iour in human-human counselling that can contribute to an
increased sense of closeness in interpersonal relationships
[101, 103]. One possible explanation for that is the percep-
tion of active listening activates a brain region called the
ventral striatum that plays an important role in process-
ing rewards [104]. This region can encode a wide array
of rewards, including those of abstract rewards known as
“warm glow”, which is the pleasant feeling experienced
when receiving acts of kindness [104]. The recognition of
active listening can also represent a warm glow that initiates
a positive feeling in participants during the interaction with
the robot.

6.3 Perceived Human Nature

The evaluation of human nature attributes in the robot
showed scores leaning more toward human-like character-
istics than machine-like ones, and they surpassed the neu-
tral midpoint. Our results showed that participants ascribed
three of the four measured human nature attributes to the
robot, including warmth, openness, and agency. Human
nature (HN) traits distinguish factors between humans and
machines [94]. It is conceivable that attributing these traits
to a robot not only makes it more human-like in people’s per-
ceptions but also less machine-like at the same time [105].
Higher perceived human nature attributes can contribute to
creating a more familiar communication experience for pre-
senters, akin to interacting with a human. This, in turn, has
the potential to enhance the amount of information shared,
the manner in which information is transferred, and the
overall duration of the interaction [65]. Consequently, the
results partially support H1-3.

Among perceived human nature attributes in the robot,
emotional responsiveness stood out as relatively lower
compared to other attributes. Emotional responsiveness is
consistent with the concept of empathy, which refers to the
ability to recognize 1’s emotional state and respond with
appropriate affect [106]. In this study, the robot’s role as a
coach was to provide objective and impartial evaluations of
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participants’ presentations without incorporating affective
responses. Therefore, it is reasonable that participants did
not perceive emotion in the robot. Additionally, it is impor-
tant to note that designing the robot’s personality or emo-
tional responses was not within the scope of this study.

According to [107], perceptions of anthropomorphism
and the sense of human nature in an agent can be linked to
the agent’s embodiment as well as its verbal and non-verbal
social behaviour. We found positive correlations between
the perceived human nature attributes of the robot and the
perceived robot’s active listening behaviour during the pre-
sentations. This shows that participants who perceived the
robot as more actively listening during the presentations
rated it more on its human nature traits.

6.4 Evaluation of the Robot as a Public Speaking
Coach

The results of the perceived active listening behaviour in the
robot revealed that participants did perceive the non-verbal
backchanneling, leaning forward, and face tracking as
means of active listening, consequently indicating attentive-
ness in the Pepper robot. These findings provide support for
H1-4, as participants gave high scores to the Pepper robot
as a coach, both in terms of its competence, helpfulness,
and future use and the relevance of the robot’s feedback
compared to their self-evaluations. Our findings reveal that
participants’ ratings of the robot’s competence, helpfulness,
and participants’ willingness to use the system are correlated
with the relevancy and accuracy of the feedback provided. It
is also correlated with perceived active listening behaviour
in the system. It can be inferred that participants’ evalua-
tions of the system’s effectiveness as a rehearsal coach are
linked to both the robot’s appropriate verbal feedback and
its non-verbal active listening behaviour.

6.5 System Evaluation by a Human Coach

We evaluated our system from both participants’ perspec-
tives and an expert’s perspective. The ratings provided by
the human coach for the robot’s feedback demonstrated a
high level of agreement between his evaluations of presen-
tations and the robot’s assessments, on average. However,
there are areas where further improvement is possible. In
the end, the human coach was also asked to evaluate the
usefulness of such a system and its potential future applica-
tion at the university, and he provided high scores for both.

The questions requiring the human coach’s rating focused
on the accuracy of the feedback regarding the presenter’s
performance and its instructive aspect for the presenter.
A qualitative analysis of the human coach’s answer to the
open-ended question concerning improving the robot’s

feedback revealed some limitations and highlighted areas
for future enhancements. According to the human coach, the
robot’s analysis of articulation rate and voice volume was
nearly accurate. However, in terms of assessing variations
in pitch, he suggested that, in general, the robot could have
been less lenient on participants and could have expected
more variations in intonation as satisfactory. Highlighting
the cultural aspects of expectations regarding variations in
pitch, the human coach pointed out that in North America,
a charismatic and engaging speech usually requires a broad
range of pitch variations with specific stress on keywords in
presentations. Similar considerations apply to the evaluation
of eye contact, as there were cases where the human coach
anticipated a higher degree of eye contact maintenance dur-
ing the presentations. Further improvement suggestions
provided by the human coach are explained in Sect. 7.

According to the human coach, analyzing speech rate
could be added in addition to the articulation rate to incor-
porate the number and duration of silent pauses in speech.
As speech rate serves as a valuable measure for assessing
speech fluency. Therefore, the robot can analyze and iden-
tify silent pauses in the presenter’s speech, and provide
suggestions for when the presenter should take a deliberate
pause to reduce the overuse of filler words.

7 Limitations and Future Work

The system described in this paper has certain limitations
that warrant consideration for future research. One limita-
tion is that the robot evaluates presentations using an over-
all performance assessment based on an average-based
strategy, without considering subtle flaws that may occur
prominently during specific intervals of the presentation.
In the future, we plan to enhance the system by providing
the robot with visualization memory, for building personal-
ized interactions with participants and being able to track
participants’ improvements during multiple sessions. This
improvement aims to offer more in-depth and personalized
feedback to each participant. Moreover, calibrating partici-
pants’ voices before the rehearsals to determine their aver-
age pitch and speaking rate could make the system more
personalized, which can be addressed in the future.

As it was beyond the scope of this study, we did not
involve any comparison with a human coach. Note that the
main objective of this study was to assess the user accep-
tance and experience of using a robot as a public speak-
ing coach to explore the potential of such technology-based
interventions to help mitigate the current issues of limited
accessibility to human coaches.

The current system does not account for accented speech,
a significant consideration in a culturally diverse society
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such as Canada. Some languages exhibit stress-timed or
syllable-timed characteristics [108], which may affect the
compatibility with varying pitch during speech. The par-
ticipants’ first language and the cultural context they grew
up in significantly influenced their presentation delivery
styles, including intonation patterns and eye contact tenden-
cies. Notably, in North America, there is a general prefer-
ence for more pitch variation and maintaining eye contact
during presentations. Students residing in North America
often need to adapt to these preferences for various reasons,
including job prospects.

Regarding pitch variation, future developments could
adopt a more granular approach by analyzing the intonation
of specific utterances. For instance, rising intonations may
convey uncertainty or seek feedback, while falling intona-
tions can indicate confidence or assurance in a statement
[109-111]. Analyzing these nuances in intonation during
specific phrases could enhance the system’s ability to pro-
vide more detailed and context-aware feedback on partici-
pants’ presentation styles.

Additionally, a potential avenue for future research is
to demonstrate the robot’s understanding of the content by
enabling it to pose questions related to different slides after
the presentation concludes. This capability could enhance
the robot’s explicit demonstration of attentiveness and com-
prehension of the content. Furthermore, it could encourage
participants to rehearse question-and-answer practices.

Another valuable addition to the rehearsal coach could
involve enhancing its ability to establish synchrony with
the participants, thus improving the sense of interpersonal
closeness. Previous studies have highlighted the signifi-
cance of synchrony in communication and entertainment,
where speakers adjust their speech in harmony with their
partners, including factors such as pitch, intensity, and jitter
[112]. This aspect warrants further analysis and exploration
in future research. Our study was not a controlled experi-
ment, as our aim was to explore a potential application for a
social robot; therefore, it did not involve any control/base-
line condition. However, future work can include a baseline
condition with a human coach and/or conditions involving
other agents for the purpose of comparison.

A limitation of our study is that the expert evaluation
involved only one human coach due to our limited time
frame. In future work multiple human coaches could be
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involved in evaluating the robot. Future work could also
consider longer presentations, e.g. 10—15 minutes which is
typical of a conference presentation. However, a 3-minute
presentation, as used in our study, is not unrealistic. There
are frequent course presentations and 3-minute thesis pre-
sentation competitions in university higher education. In
these contexts, participants are required to strictly adhere
to the time limit and deliver an effective presentation within
3 minutes. Future work may also compare different types of
social robots.

8 Conclusion

We developed an autonomous public speaking robot system
to analyze vocal aspects of participants’ performance during
their presentations and their audience orientation.

Fifty participants rated the Pepper robot coach with high
scores in terms of acceptance and intention to use. Partici-
pants perceived a high relevance between their performance
and the feedback provided by the robot. They also expe-
rienced the robot showing non-verbal back-channelling
during their presentation. There was a positive correla-
tion between perceived competency by the robot and the
aforementioned variables, namely, feedback relevancy and
expressing active listening. Therefore, two of the function-
alities that a social robot may need to possess to be accepted
by users as a public speaking coach are proper feedback and
active listening.

The majority of participants also reported some inter-
personal closeness with the social robot as a coach. Par-
ticipants also attributed human-like qualities to the robot.
Further analysis showed that perceived human-like quali-
ties were related to the perceived non-verbal active listen-
ing exhibited by the robot. Participants who had negative
attitudes towards robots in general and those with self-
reported high levels of public speaking anxiety indicated
less intention for future use as well as less acceptance
towards the robot.

The expert human coach’s assessment generally con-
firmed that the robot coaching system demonstrated a high
level of feedback relevance and informativeness. However,
some suggested improvements to the robot’s feedback will
be addressed in future work.
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Appendix A Presentation Material

History of Canada Day

Canada's national holiday is celebrated on July 1. It is called “Canada Day” and is celebrated to
appreciate Canadian history, culture, and achievements.

July 1, 1867: Canada was born with the British North America Act , also known as the Constitution Act.

1879: A federal law makes July 1 a statutory holiday as the "Anniversary of Confederation," which is
later called "Dominion Day." — an opportunity for everyone in Canada to celebrate!

From 1958 to 1968: The government organizes celebrations for Canada's national holiday every year. A
typical format includes events on Parliament Hill in Ottawa. Parliament Hill is the home of the Parliament
of Canada. The celebrations involve, for example, ceremonies in the morning and at sunset, followed by a
concert and fireworks. These are many opportunities to celebrate Canada!

From 1968 to 1979: A large multicultural celebration and a concert are broadcast from Parliament Hill on
television across the country. The main celebrations (called "Festival Canada") are held throughout July.

1981: In many major Canadian cities, July 1st is celebrated with fireworks, a tradition that is still
practiced today and one that is enjoyed by a great number of Canadians

1982: "Dominion Day" officially becomes Canada Day, which is what today we are celebrating every
year on July 1%

2014: Canadian Heritage organizes the 147th Canada Day celebrations. On Canada Day, several
festivities are organized.

2017: A wide range of activities across Canada mark the 150th Anniversary of Confederation- the
birthday of Canada!

Source link

Fig. A1 Presentation notes
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Fig. A2 Presentation slide 1
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Fig. A5 Presentation slide 4

Thank You For
Your Attention!
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