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Public attitudes towards stuttering are rooted in stereotypes and misconceptions, leading to negative reactions
and discrimination against individuals who stutter. Previous research highlights the positive impact of
educational interventions on people’s attitudes towards stuttering. The potential of social robots as an
educational tool in the context of stuttering awareness remains unexplored. In the present study, we investigate
whether a social robot can improve public attitudes when giving an interactive presentation on the topic. We
compare its impact with a tablet-only condition. Additionally, we differentiate between two robot conditions
- one in which the robot imitates stuttering and another where the robot has fluent speech. In the robot
conditions, visuals are shown on a tablet. We used a co-design approach and incorporated the perspectives and
experiences of two individuals with lived experiences of stuttering into our study design. A user study with
69 participants reveals significant improvements in attitudes across all three conditions, with no significant
difference between conditions. However, participants perceived the robot as significantly ‘warmer’, more
‘attractive’ and ‘novel’ when compared to the tablet. These findings provide valuable insights into the potential
of social robots as intervention techniques for improving attitudes in the field of stuttering.

CCS Concepts: •Human-centered computing→ Touch screens; Interaction devices; User interface design;
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1 INTRODUCTION
Stuttering affects approximately one percent of the global adult population [7, 80]. People who
stutter (PWS) face daily challenges caused by negative public attitudes, including stereotypes and
misconceptions. These challenges affect PWS of all ages, leading to social exclusion, discrimination,
and psychological distress [14, 47, 48]. However, public knowledge about stuttering remains limited.
Consequently, stuttering has evolved into a stigmatized disorder[75]. Therefore, raising awareness,
educating society about stuttering, and providing guidance on appropriate behaviour is crucial.
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The social environment signi�cantly impacts the well-being of PWS. Previous research success-
fully demonstrated that education, through methods such as presentations, documentaries and
podcasts, positively in�uences people's attitudes toward PWS. [1, 33, 62, 73, 78], underscoring the
importance of raising awareness about the topic. With the rise of technology, especially social
media, education via digital platforms has increased [22, 34]. Social robots are one of the advanced
technologies [40]. Due to their embodiment, they o�er engaging and relatable interactions [27, 50].
In Human-Robot Interaction, social robots have shown promising results in education and health-
care [6, 15]. Notably, social robots, have been successfully incorporated into stuttering therapy
[81]. However, to the best of our knowledge, to date, none of the existing studies have explored the
e�ectiveness of social robots in educating and changing people's attitudes towards stuttering.

We aimed to investigate if a social robot could improve people's attitudes towards PWS by giving
an interactive presentation on the topic. Furthermore, we compared the e�ectiveness of the robot
intervention with a tablet-based intervention. This comparison helped us to assess whether the
robot's embodiment, gestures and facial expressions have an additional impact on people's attitudes.
Additionally, we examined di�erences in attitude changes among people exposed to a stuttering
robot versus a non-stuttering robot. Next to evaluating attitude changes, we also investigated
people's emotional reactions towards PWS. Our goal was to explore if di�erent intervention
techniques led to di�erences in empathetic responses and attitudes towards PWS.

This work has three main contributions. First, it is the �rst study that tested the use of social
robots in the context of stuttering awareness. Second, we developed two fully autonomous technical
systems: 1) comprised of a social robot and a tablet; and 2) a tablet. Third, the study involved two
collaborators with lived experience of stuttering, who contributed to the educational content and
robotic system. The overarching goal of this project is to use social robots to create a more inclusive,
supportive and educated environment for PWS.

The remainder of this article is structured as follows. Section 2 presents background and related
work, and Section 3 outlines the research questions. Section 4 presents our design choices. Our
co-design procedure is presented in Section 5. The system development is described in Section 6.
Section 7 outlines the user study, including experimental design, measures and study procedure.
The corresponding results are presented in Section 8, and discussed in Section 9. Limitations and
future works are described in Section 10. Section 11 concludes the article.

2 RELATED WORK

2.1 Developmental Stu�ering

Stuttering is a speech disorder. People who Stutter (PWS) know exactly what they want to say, but
their �uent speech is disrupted by involuntary repetitions, prolongations and blocks [37]. Stuttering
is classi�ed into developmental and acquired stuttering [44]. Acquired stuttering often results from
psychological trauma or brain damage [17, 76]. In contrast, developmental stuttering occurs during
child development. It is the most common form of stuttering and will be the focus of this work [64].
When talking about stuttering in the following, we refer to developmental stuttering. Stuttering
typically appears between the ages of 2 and 5. While many children naturally recover without
receiving therapy, some individuals experience persistent stuttering throughout their lives [37].
There is currently no cure for persistent developmental stuttering. Speech therapy is the primary
treatment option to improve speech �uency and coping strategies [23]. Developmental stuttering is
more prevalent in males, with a 3:1 male-to-female ratio [37]. Despite ongoing research, the cause
of stuttering remains largely unknown.
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2.2 Challenges Faced by PWS in our society

Communication plays a vital role in social interactions. It is essential for building relationships and
the expression of thoughts and emotions. Stuttering can signi�cantly hinder the ability of PWS to
communicate, thereby creating barriers to e�ortless social interaction [30]. PWS encounter various
challenges in their daily lives, including bullying, exclusion and negative peer reactions during
childhood and adolescence [25, 48]. Furthermore, stuttering often a�ects their educational perfor-
mance and achievements, as school participation requires verbal communication and presentations
[41, 63]. It can also a�ect their social life, making it challenging to form friendships or romantic
relationships [39, 41]. Additionally, stuttering can in�uence job opportunities and career choices
[46]. In a survey of 332 interviewed PWS, the majority reported avoiding jobs involving phone
work or frequent presentations, and some were overlooked for promotions due to their stutter [39].

2.3 Public A�itude Towards PWS

An underlying problem of these challenges is that stuttering is a stigmatized disorder [8]. Negative
reactions are rooted in stereotypes and misconceptions. PWS are frequently perceived as less intelli-
gent, shy, less con�dent, self-conscious, anxious, introverted, and insecure [11, 24]. These negative
beliefs persist across various groups, including family members, speech-language pathologists,
teachers, college professors, and employers [2, 3, 18, 29]. Constant exposure to these negative
perceptions can cause PWS to internalize such beliefs, leading to self-stigmatization and self-blame
[9, 10, 46, 47]. As a result, PWS may underestimate their own abilities and conform to societal
stereotypes.

2.4 Intervention Techniques to Change People's A�itude towards Stu�ering and PWS

Previous research has aimed to improve the situation of PWS by educating various groups, including
teachers, university and college students [1, 33, 45, 55, 73]. These studies used methods such as live
presentations, documentaries, videos, and podcasts. They all reduced stigma by providing accurate
information about the complexity of stuttering.

2.4.1 Live Presentations and Videos:In one study, Flynn and Louis[33] educated 83 health class
students about stuttering. The study was comprised of two conditions: �rst, participants listened to
a live presentation given by a PWS. In the second condition, people watched a video presentation
featuring three PWS. Both approaches signi�cantly improved attitudes, but the live presentation
had a greater impact. Similarly, Williams et al. [78] used live presentations by a speech-language
pathologist (SLP) to educate pre-service teachers about stuttering. They compared two conditions:
one where the SLP presented alone and another where a child with stuttering co-presented certain
parts of the presentation. They identi�ed signi�cant attitude improvements in both conditions.
Nonetheless, there was no di�erence between the two conditions. A similar study was conducted by
Abdalla and St. Louis[1]. In-service school teachers and pre-service trainees watched a documentary
video that included factual information about stuttering and tips on how teachers should interact
with students who stutter. Furthermore, it featured three students who stuttered. They talked about
emotional experiences they had had at school. A positive change in attitude after the intervention
was found in pre-service trainees (teachers in training) but not in in-service teachers.

2.4.2 Podcasts:In a study by Nelson [62], thirty-nine college students were divided into two groups.
One group listened to a humorous, educational and emotional podcast featuring a PWS. The second
group read the transcript. Both groups showed positive attitude shifts without signi�cant di�erences
between them.
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2.4.3 Content - Anti-Stigma Strategies:Boyle et al. [11] focused on the content of di�erent in-
terventions. They investigated how di�erent anti-stigma approaches show an e�ect on people's
knowledge of stereotypes, negative emotional reactions, social distance, discriminatory inten-
tions, and empowerment of PWS. Their study consisted of three conditions in which participants
watched videos implementing the di�erent anti-stigma approaches. The �rst condition, labelled
�contact�, featured a person with lived experiences. In the second condition, �education�, myths
about stuttering were presented and replaced by factual information. The last condition, �protest�
condemned morally unjusti�able attitudes towards PWS. In all conditions, participants exhibited
improved attitudes, showing reduced negative emotions towards PWS, and decreased stereotypes
and discriminatory intentions. Notably, �contact� had the most positive e�ect in promoting af-
�rming attitudes towards PWS. In a follow-up study, Boyle and colleagues [12] highlighted the
importance of factual information, including dispelling myths and stereotypes, in the �education�
and �protest� approaches. In the �contact� approach, having a PWS to share lived experiences and
daily challenges and promote positive behaviors was especially impactful.

2.5 Technology Comparisons

Comparisons between technologies are often made to evaluate their e�ectiveness in di�erent
contexts. For instance, voice-based technologies have been compared with screen-based ones to
assess their impact on empowering employees at work [65]. In Human-Robot Interaction, similar
comparisons focus on the bene�ts of a robot's physical presence versus screen-based alternatives.
These comparisons have been explored in various domains. In smart home control, social robots
were compared with other interfaces like voice-control loudspeakers, wall-mounted touch-screens,
and a mobile application [57]. While more conventional devices, like touch-screen and mobile
applications, were noted for their ease of use and comfort, social robots, with their ability to perform
gestures, were seen as more enjoyable and engaging.

In education, social robots have also been preferred over tablets. They were e�ective in facilitating
group work by introducing tasks, managing time, and encouraging group discussions [68]. Similarly,
when teaching children new alphabets, social robots o�ered a more enjoyable learning experience
compared to tablet-only conditions [83]. However, learning outcomes were the same in the study.
In mental health, participants preferred interacting with a social robot over a laptop during guided
breathing exercises [66]. Likewise, in the care of older adults, human-like robots were viewed as
more engaging and intelligent compared to character-like robots and tablets [61]. Preference for
embodied technology was also evident in comparing physically present social robots for engaging
in physical exercises, compared to virtual ones [32].

In summary, across various �elds, physically embodied robots are often preferred for their social
and engaging qualities [28, 51, 77]. However, to our knowledge, no comparative studies have yet
explored social robots' e�ectiveness in stuttering education, a gap this study aims to address.

2.6 Social Robots for Speech-Language Therapy

The use of social robots in Speech-Language Therapy has been explored, particularly in therapy
with children. Spitale et al. [70] found that 20 children signi�cantly improved their linguistic
skills after engaging with a physical or virtual robot. While some Speech-Language Pathologists
are sceptical about incorporating robots into therapy sessions, they recognise their bene�ts in
enhancing enjoyment and engagement. Other studies also reported positive e�ects on learning
outcomes and engagement when robots assist in therapy [31, 67, 82]. Additionally, social robots
have also been speci�cally tested for stuttering therapy. Yoshikawa et al. [81] found that PWS
experience fewer psychological symptoms related to stuttering when talking to a robot compared
to a human and when reading in tandem with a robot than reading alone.
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3 RESEARCH QUESTIONS

In our study, we are interested in exploring the impact of two di�erent technologies on people's
attitudes towards stuttering when delivering a presentation on the topic. The project was guided
by the following set of Research Questions (RQs):
RQ1. Can the robot intervention improve people's attitudes towards PWS?
RQ2. Is there a signi�cant di�erence in the e�ectiveness between the robot intervention and the

tablet intervention in improving people's attitudes towards PWS?
RQ3. Does using a robot that stutters help people more in improving their attitude towards PWS

compared to a non-stuttering robot?
RQ4. Is there a signi�cant di�erence in people's empathy towards people who stutter between the

intervention techniques (robot and tablet)?
RQ5. Does the stuttering robot make people more empathetic towards PWS compared to the

non-stuttering robot?
Due to the exploratory nature of our study and the lack of prior research on using social robots in

the education about people who stutter, we did not formulate hypotheses for the above-mentioned
research questions.

4 DESIGN CHOICES

Our study design involved three distinct conditions: 1) a robot with a tablet, 2) a stuttering robot
with a tablet, and 3) a tablet alone. The comparison between the robot and the tablet aimed to assess
whether the robot's embodiment has a greater e�ect on attitude change. This builds on similar
comparisons from previous research (see Section 2.5). Additionally, we included the stuttering
robot condition to provide participants with a more realistic context of stuttering. We aimed to
explore if this imitation further impacts our results. Lastly, we decided to deliver a presentation on
stuttering using our technology. This was inspired by previous studies that successfully shifted
people's attitudes by raising awareness and reducing stereotypes (See section 2.4).

Fig. 1. Co-Design procedure

5 CO-DESIGN

Co-design is a methodology that promotes active collaboration among diverse stakeholders to
jointly identify problems and create solutions [74]. This falls within the framework of human-
centred design. Our research team included �ve members: three primary investigators and two
collaborators who stutter. Two investigators specialize in Human-Robot Interaction (HRI), while
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the third has a background in Cognitive Science. Together, they de�ned the initial idea of using
social robots for stuttering education. Furthermore, based on their expertise in HRI, they handled
the technical implementation of the robot and tablet.

We set two criteria for our collaborators: 1) they must have lived experience of stuttering, and
2) they must be able to collaborate with us in person. Given the stigma surrounding stuttering
and the vulnerability associated with it, �nding collaborators was challenging. We recruited two
collaborators through word of mouth, reaching out to contacts within our university and a speech
and language therapy centre. Both collaborators have developmental stuttering. One is a female
student and pediatric speech therapy assistant, contributing insights both as a person who stutters
and as a therapist. The other is a male undergraduate student at the University of Waterloo.

We intended to involve them for several reasons. First, we need to ensure that our educational
technology accurately represents the complexity of stuttering. Second, their lived experience should
help us better understand the social and emotional challenges faced by PWS in our society and how
others should respond to them. Finally, their feedback on the robot's stuttering imitation should
help us ensure it was accurate and non-o�ensive.

Throughout the co-design process (see Figure 1), the two collaborators provided valuable lived
experiences, contributing to the development of the educational content for the presentation.
Additionally, they played a crucial role in re�ning the robot's stuttering imitation to be both
respectful and realistic.

5.1 Co-Design Procedure

We used the �Design Thinking� methodology to structure our co-design procedure. It comprises
�ve stages: Empathize, De�ne, Ideate, Prototype, and Test. It was originally conceptualized by
Brown et al. [16]. Figure 2 visually presents this �Design Thinking� process.

Due to di�erent schedules and locations, we conducted separate sessions with each collaborator.
We scheduled three sessions with both of them, each lasting approximately 60 to 90 minutes. We
completed all sessions with our �rst collaborator (C1) before moving into the second co-design loop
with the second collaborator (C2). This allowed us to already incorporate changes in the content and
implementation based on the feedback of the �rst collaborator. Nevertheless, the overall structure
and content of the sessions were the same for both collaborators. Before starting the user study,
both provided us with their �nal feedback in written form for our study. Figure 1 gives an overview
of the entire co-design process.

Fig. 2. Five phases of �Design Thinking� Process. Redrawn and adapted from Brown et al. [16]. Secondary
research during the Empathize phase includes literature reviews [20, 38] and interviews with Speech-language
pathologists [21].
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Fig. 3. Empathy Map with the questions we used for interviewing our collaborators. The empathy map was
redrawn and adapted from an online source2

5.1.1 Empathize.In the �rst stage, we aimed to gain deeper insights into our collaborators' personal
experiences as individuals who stutter. We conducted one-to-one interviews to understand their
perspectives and identify key elements to include in the presentation. To structure these interviews,
we used the empathy map1. It is a UX design tool for understanding and empathizing with a target
group. In the context of our study, we aimed to improve the situation of PWS. The empathy map
helped us explore the following areas: What does the target groupsee? What do theydo? What do
they hear? What do theythink? What are theirpains(What challenges do they face)? What are
their gains(What do they hope for)? Based on these questions, we crafted our interview questions.
Figure 3 presents our interview questions together with the collaborators' responses. Their insights
were crucial for determining the key aspects to include in our presentation for the user study.
Speci�cally, it led us to include factual information, personal experiences, and practical advice on
interacting with PWS.

1https://www.nngroup.com/articles/empathy-mapping/
2https://medium.com/@davegray/updated-empathy-map-canvas-46df22df3c8a
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5.1.2 Define.In the De�ne phase, we summarized key insights from the collaborators in the
Empathize phase. Complementing this, we incorporated challenges faced by PWS and their expec-
tations from their environment. We also Incorporated �ndings from our initial literature review,
including stuttering characteristics, secondary behaviours, and the prevalence of developmental
stuttering. This led to the formulation of the problem statement: �How can we develop technologies
that can transmit the voice of people who stutter to mitigate stigma around them?.�

Using this, we drafted the initial content for the presentation, setting the stage for subsequent
co-design sessions.

5.1.3 Ideate.We had three objectives during the Ideate phase: 1) gather feedback on the stuttering
imitation, 2) brainstorm ways to make the educational content more engaging, and 3) decide where
to incorporate stuttering imitation in the presentation. First, we demonstrated the robot and its
technical capabilities. Second, we presented examples of stuttering imitation to our collaborators.
They did not perceive the robot's stuttering as o�ensive, so we decided to include it. Next, we
engaged in discussions and brainstorming on how to make the content both educational and
engaging.

We decided to develop a Tablet Application (App) that ran synchronized with the presentation.
It supplemented the robot's spoken content with visual aids, and incorporated quizzes to maintain
user engagement. A comprehensive overview of the App's design and content is described in greater
detail in Section 6.3. Furthermore, we decided to craft a �ctional character, `Tim', to illustrate lived
experiences. During the presentation, Tim faces common challenges of PWS in two scenarios: at a
pizza place and during a group project at university. The scenarios are described in more detail in
Section 5.2.

Moreover, we discussed how to e�ectively include stuttering imitation in the presentation. Our
collaborators provided us with sentences to showcase the characteristics of stuttering. To convey
repetition, we used the phrase: �I wa, wa, wa want co�ee�. Prolongations were demonstrated through
the sentence: �I am e mmm motional�, and blocks were represented by the phrase: �You look b (pause)
beautiful�. It is noteworthy that the spelling of the repetitions aligns with our implementation on
the robot in order to achieve results similar to actual stuttering speech.

Table 1. Final feedback from the two collaborators for the final stu�ering robot implementation.

Category Feedback

Overall Impression - Informative presentation that gives an excellent demonstration of stuttering.
- The robot's movements paired with the speech and tablet is engaging.
- Positive impression of interactive quizzes and visual scenes

Speed - �The speed is �ne it could be a little faster but that could just be me.�
- Good speech rate and appropriate pauses between the sentences
- Good change in voice tones for the di�erent talkers

Content - �I think the content is the best part, integrating stories and information makes
the presentation some of the best content I've seen for non-stutters.�
- Gives a complete picture of stuttering.

Robot's Gestures - Similar to natural movements (during presentations and stuttering)

Robot's stuttering - �I was actually pretty impressed with it, especially how the robot makes the
sound of someone attempting to �nish a word during a speech block.�

General Suggestions - Moving storytelling parts to the beginning to give a more concrete idea of
stuttering before getting into the facts.
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5.1.4 Prototype.We integrated all the input gathered during the Ideate phase into our content
for the presentation and implemented it on the robot and the App. The �nal version, which
synchronized the robot and App, was demonstrated to our collaborators. We sought feedback using
the �Prototyping Report Card�3 which consists of two key parts. The �rst part de�nes speci�c
aspects that we aim to test: the robot's speed, voice, speech, content, and stuttering imitation.
Based on the feedback, we adjusted the robot's speed and replaced certain words that were not
pronounced well. The overall content was positively received. Concluding our iterative re�nement
process, we shared a video of the �nal version of the stuttering robot with both collaborators. We
received feedback on four areas: 1) the overall impression, 2) the speed of the App and robot speech,
3) the presentation content, and 4) the robot's gestures. This feedback is summarized in Table 1.

5.2 Final Content

To summarize, the content across all conditions encompassed three main elements: educational
(information to promote awareness about stuttering), storytelling, and tips. To enhance engagement
and educational outcomes, we also integrated di�erent interactive components4. The elements are
outlined below:

(1) Educational Elements: The educational elements provided a comprehensive de�nition of
stuttering, covering its characteristics, prevalence and general factual knowledge.

(2) Storytelling Elements: We used a character named `Tim', a person who stutters, to illustrate
two scenarios. In the �rst, Tim's stuttering becomes apparent while ordering a pizza, leading
to impatience and rude comments from the vendor and customers. In the second, during
university group work, Tim's stuttering causes his fellow students to dismiss his idea. To
enhance the storytelling experience, we varied the narrator's voice with di�erent pitches to
represent di�erent characters.

(3) Tips Elements: We concluded with practical tips for interacting with PWS, emphasizing the
importance of patience, avoiding interruptions or �nishing their sentences, staying relaxed,
and showing genuine interest.

(4) Interactive Components:
� �Pen & Paper� exercise:Following the storytelling elements in the presentation, a brief

exercise encouraged participants to suggest more appropriate reactions for individuals
presented in the scenarios. They were asked to write down their thoughts on paper.

� App:We implemented an App that displayed accompanying slides, as well as quizzes to
complement the spoken content and to maintain user engagement. The App was running
in sync with the verbal presentation. The App design and content will be described in
greater detail in Section 6.3

5.3 Robot Behavior

We used the QTrobot5 from LuxAI 6.

(1) Voice: We purchased the �Ella� voice from LuxAI and used it for both the robot and tablet.
The volume was set to 90% (0-100 QT volume setting) to ensure clarity. The authors together

3https://design-kit-production.s3-us-west-1.amazonaws.com/Design+Kit+Method+Worksheets/DesignKit_
prototypereportcard_worksheet.pdf
4See the supplementary material for the full interaction script.
5https://luxai.com/19
6https://luxai.com/
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reviewed several voice options and decided on a human-like but clearly robotic voice, con-
sistent with the robot's robotic appearance. Research has shown that how a robot's voice is
being perceived depends on factor such as task, and robot embodiment [60].

(2) Stuttering Imitation : The stuttering imitation was only used in the stuttering robot condi-
tion. With our two collaborators, we decided that the robot should only stutter in selected
situation, not throughout the entire presentation, as we were unsure how participants would
perceive it. In order to avoid that participants would perceive the robot's stuttering as a `mal-
function', in the robot stuttering condition, the robot states in the introductory comments of
the session: �Since you may not be familiar with stuttering, I will try to imitate characteristics
of stuttering at some points during this presentation. But I'm a robot. So I may not be the
best at doing so. But I think you can still get an idea.� The robot �rst demonstrated the three
stuttering characteristics (repetition, prolongation, block) with the previously mentioned
sentences. Then applied these during Tim's speech in the scenarios.

(3) Gestures and Facial Expressions:To enhance the robot's role as a presenter, we imple-
mented a range of simple gestures, such as raising and lowering its arms, moving them
from side to side while speaking, or pointing to the tablet to guide participants' attention
to the screen for quizzes. It also nodded or shook its head in response to input. We priori-
tized gestures over facial expressions. The robot maintained a natural smile throughout the
presentation to create a friendly atmosphere.

6 SYSTEM DEVELOPMENT

6.1 Robot and other Materials

The QTrobot is a table-top humanoid social robot and has 14 degrees of freedom, enabling the
execution of di�erent gestures through head and arm movements. Furthermore, the robot's face is
a display which can convey various facial expressions and emotions. The robot's pitch modulation
enabled distinct character portrayals.

Additionally, we developed an App using the Kivy framework7. In each of the three experimental
conditions, a tablet served as the interface for executing the App, displaying visuals, and interacting
with the robot through button presses. To ensure uniformity between robot and tablet conditions,
we recorded and used the robot's voice in the tablet condition. Thus, there was no di�erence in
terms of the voice used between the robot and tablet conditions. More details on the App are
provided below (Section 6.3).

During the interaction, participants engaged in an exercise, providing answers using pen and
paper. We created an online survey using Qualtrics8 to administer pre- and post questionnaires.
Participants used a computer in the lab for this assessment. Finally, the session was recorded using
a camera.9

6.2 System Architecture

The system architecture of our study is shown in Figure 4. The QTrobot consists of two computers:
QTRP (Raspberry PI) and QTPC (Intel NUC i5/i7 PC). They are internally connected via LAN and
run on Ubuntu Linux. The Robot Operating System (ROS) manages the communication between
QTPC and QTRP and enables to control the robot services like text-to-speech or face and emotion
detection. All computational processes run in nodes that can communicate with each other by
publishing and subscribing to ROS topics. We also developed an interactive node for the Kivy app,

7https://kivy.org/ based on Python language
8https://www.qualtrics.com/
9Video of a full session of the stuttering robot condition: https://youtu.be/LcjLXAkS_fY
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enabling users to engage with the robot and providing visual components. The tablet connects to
the robot via the QTrobot hotspot. The whole system operated fully autonomously without any
experimenter intervention.10

Fig. 4. System Architecture

(a) �Information Display� (b) �Illustration� (c) �Interactive �iz�

Fig. 5. Examples of the three di�erent components of the Kivy App used in the study.

6.3 App Development

We developed a Tablet App using Kivy to display presentation slides and enable user interaction with
the robot. The App aligns with the presentation and includes the following three main components.
Examples are shown in Figure 5:

(1) Information Display: This component presented written information that reinforced the
verbal content of the presentation. See Figure 5a.

(2) Illustrations: We included illustrations to visually support storytelling parts. One illustration
is shown in Figure 5b. Slides were designed by using assets from Freepik11.

(3) Interactive Quizzes: The App included multiple-choice quizzes. Users selected answers
by clicking labeled buttons. The system (robot or tablet) provided feedback and corrected
incorrect responses. There were two types of quizzes: educational and ��ller� questions.
The educational quizzes focused on stuttering-related knowledge, with questions such as
�How many people worldwide are stuttering?� and �What do you think is the most common
stereotype related to stuttering?� These questions were asked before providing information
to ensure active engagement rather than passive listening. The question-answer pairs were
created by the research team, based on what made sense in the context of the presentation.

10Note, we will share the code repository if researchers contact us.
11https://www.freepik.com/
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The��ller questions� aimed to further engage users, including �Have you ever met someone
who stutters� and �Do you like working in a group�. All quiz screens are depicted in Figure 6.

Fig. 6. Interactive question screens. The le� column shows �filler questions�, the right column �educational
questions�.

7 USER STUDY

7.1 Experimental Design

The study used a between-participant design with three conditions: two involving a social robot
and a tablet, and one using only a tablet. In the �rst robot condition (R) the Qtrobot served as the
narrator for the presentation, supplemented by slides on a tablet. In the second robot condition
(RS), the Qtrobot delivered the presentation while mimicking stuttering at speci�c points, also
accompanied by tablet slides. In tablet condition (T), the presentation was delivered solely through
the tablet, with visual slides complementing the audio.

The content across all three conditions was the same, di�ering only in the technology (QTrobot
with a tablet vs Tablet-only) and the inclusion of stuttering imitation in RS).

7.2 Experimental Setup

The study was conducted in one experimental room of the Social and Intelligent Robotics Laboratory
at the University of Waterloo. Figure 7 presents the experimental setup for both robot conditions
and the tablet condition. Each session included one-to-one interaction between a participant and
the robot or the tablet. In the robot conditions, the QTrobot was positioned on a table, facing the
participants (see Figure 1). Participants sat in front of it at an approximate distance of 50cm. The
tablet was placed in front of the robot. Participants were allowed to adjust the distance to the
tablet according to their preferences. In the tablet condition, the tablet was placed in front of the
participants. Participants could again adjust the distance to the tablet themselves. The sessions were
video recorded with a camera positioned to capture participants' pro�les and the technological
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