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Abstract. Emotion regulation (ER) is an essential skill that signifi-
cantly impacts children’s social and emotional development. While prior
research has shown that parents play a critical role in shaping their chil-
dren’s ER abilities, the challenges and complexity in parental-involved
ER interactions call for technology that delivers context-aware and per-
sonalized social support. Although social robotics and Large Language
Models (LLMs) both show promise for ER facilitation, few systems inte-
grate language-based reasoning with embodied actions to address mental
health needs effectively. To expand the potential applications, we devel-
oped an LLM-powered robotic system to facilitate ER in parent-child
dyads. We adopt a supervised autonomy approach to integrate natural
language dialogues with physical robotic behaviors for multimodal inter-
actions. We detail the technical implementation and interaction design of
the system, along with preliminary user tests involving six parent—child
dyads. The findings highlight the positive user engagement and trust in
interactions with the LLM-powered social robot. Accordingly, we discuss
design insights and implications in developing LLM-powered multimodal
and autonomous social robot systems for family-centered mental health
applications.

Keywords: Social Robot - Large Language Model (LLM) - Emotion
Regulation.

1 INTRODUCTION

Emotion regulation (ER) is a multifaceted concept encompassing emotional
awareness, management, and expression [6]. The cultivation of ER skills is vi-
tal for a child’s social and emotional development [4]. Prior research consistently
demonstrates that parents play a central role in shaping their children’s ER abil-
ities [2], highlighting a strong positive correlation between the quality of parent-
child interactions and children’s emotional competencies [25]. Furthermore, the
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way parents handle their own emotions has significant implications for how chil-
dren learn to regulate theirs [5]. When parents find it difficult to identify and
articulate their feelings, they may also struggle to acknowledge and respond to
their child’s emotional needs, particularly in more challenging situations, such
as those involving children with psychiatric conditions [13].

Recent research has underscored the value of technological interventions to
assist parents in fostering ER in children [23]. These technological supports in-
clude mobile applications [24], biofeedback agents [14], and interactive toys [9]. In
addition, studies have shown that social support, through positive interactions,
affirmation, and emotional assistance, improves both physical and mental out-
comes [1]. Social robots provide a unique social presence that can facilitate and
enhance parent-child interaction and emotion regulation in various contexts [7].
Indeed, active parental involvement is a necessary condition for effective child
ER [19], and multiple evidence-based ER therapies [3] emphasize that parents
must also learn to manage their own emotions (e.g., frustration) to project calm,
reassuring responses. Against this backdrop, a social robot that interacts with
both parents and children can provide holistic ER support [22]. However, the
complexity of these interactions demands flexibility and personalized approaches
to interact with participants from such diverse user groups as parents and their
children [12].

LLMs offer new possibilities for social robots by enabling more context-aware
and flexible dialogue [12]. Yet, bridging the gap between LLMs and robotic sys-
tems poses significant challenges and requires integrating language-based rea-
soning with embodied actions. Despite the immense potential of LLM-powered
robots to transform human-robot interaction, research is needed to explore de-
sign applications and evaluate LLM-powered robotic interactions even in the
relatively narrow context of therapeutic applications [12]. In the context of sup-
porting parent-child dyads with ER, these challenges call for an elaborate design
approach. We therefore frame the following research questions: RQ1: How can
robot-mediated interactions be designed to support ER in parent-child dyads?
RQ2: How can LLMs be integrated into a social robotic system for interacting
with parent-child dyads?

To address these questions, we propose a MiRo-E social robot system, built
around the commercially available MiRo-E platform 3. In our design, we incor-
porate evidence-based ER strategies into LLM prompts and robotic behaviors,
while using a supervised autonomy approach to support natural language dia-
logue and multimodal interactions among parent, child, and robot.

The contributions of this paper are twofold. First, we detail a novel inte-
gration of LLMs and social robotic technologies to facilitate ER in parent-child
dyads. Second, we demonstrate the implementation of evidence-based ER strate-
gies within a supervised autonomous robotic system. The details of the designed
system are described in the following sections.

3 https://www.miro-e.com/
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Fig. 1. Parent-child dyads are interacting with MiRo-E.

2 Designing an LLM-powered Social Robot for
Facilitating Parent-child Dyadic Emotion Regulation

2.1 Designing the Robot-mediated ER

Evidence-based therapies that focus on ER in the context of parent-child inter-
actions, such as PCIT [3], and Child-Parent Psychotherapy (CPP) [16], share
several key strategies. These include: 1) teaching parents to recognize, label and
validate their children’s lower-intensity emotions while offering coping strategies;
2) guiding parents to regulate their own emotions (for example, frustration) so
that they project a calm and reassuring presence; 3) encouraging and prais-
ing the use of calm expression or coping techniques by children (for example,
breathing exercises); 4) providing psychoeducation on understanding and vali-
dating negative emotions; and 5) offering structured practice and live feedback
from a therapist.

Drawing on these strategies, our design goal is to incorporate these ER strate-
gies into the autonomous functions of a social robot. Therefore, we developed a
six-stage ER procedure in which an LLM-powered social robot actively facilitates
parent-child interactions. At the first stage, the robot gets to know the dyad,
helping them become comfortable with its presence and interactive features —
thereby reducing novelty effects. At the second stage, called emotion refiection,
the robot prompts the dyad to discuss and reflect on recent negative emotions
or stressful events in their everyday lives. The third stage focuses on providing
ER education, teaching parents and children how to validate each other’s emo-
tional experiences and utilize specific strategies to manage stress. The dyad then
practices these techniques under the guidance of a robot during ER in practice
(the fourth stage). Before the robot ends the conversation in the final stage, it
recaps the core ideas of the session, reinforcing the newly learned knowledge at
the fifth stage.

2.2 The Proposed Robotics System

To increase parental involvement and support a supervised autonomy approach
in social robot therapies, we propose an LLM-based system that interprets se-
mantic content and engages parent-child dyads in context-aware interactions
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alongside human oversight through robot controllers. Our interactive robotic sys-
tem comprises several key components: 1) Speech Communication Module with
Embedded LLM: This module processes live conversations between the parent-
child dyad and the social robot interface. It transcribes and interprets spoken
language through the LLM, which generates the robot’s verbal feedback. The
LLM also extracts the required context from transcribed text, forwarding these
as commands to the next component. 2) Behavior Model: Based on commands
from the LLM, the Behavior Model activates a set of preprogrammed verbal and
non-verbal behaviors. These can be triggered either by Speech Communication
Module or by physical cues detected through the embedded sensors of the robot.
3) Robot Controller (Human Operator): For ethical and safety considerations,
a human operator supervises the system and acts as a safeguard. This opera-
tor can pause or terminate any feedback if needed, ensuring that the LLM will
not provide misleading or inappropriate information. The operator also can help
maintain momentum between different stages of the therapy, making sure the
session progresses smoothly.

Implementation of Speech Communication Module in MiRo-E The
language models enabling MiRo-E’s speech and communication capabilities in-
cluded Whisper? for speech recognition, ChatGPT-40° as the LLM, and Google’s
text-to-speech API® for its voice. These were implemented using the OpenAl”
and Google Cloud® API’s in Python. The system follows a cascade architec-
ture. First, the microphone captures speech streams, on which voice activity
detection (VAD) is performed using WebRTC? to isolate the voice input. This
ensures that only detected speech is processed by the Whisper model. Whisper
then predicts text captions using its decoder, configured to transcribe English
text. The transcribed text is subsequently fed into the LLM, which processes the
input and generates a textual response. In multi-turn conversations, ChatGPT-
4o considers the entire conversation history, allowing it to maintain context and
coherence across dialogue exchanges. The generated textual responses are then
converted into speech using the Google Cloud text-to-speech system, providing
audio feedback to users.

Designing robotic behaviors and expressions To prompt ChatGPT-40
through each of the six ER stages, we developed prompts that address both
the overarching requirements and the specific objectives of every stage. Drawing
on established strategies for promoting emotional self-disclosure in social robot
therapy, we incorporated humorous [11], vulnerable [17], and empathetic [10]
communication styles into our prompt-generation process.

* https://platform.openai.com/docs,/guides/speech-to-text
® https://platform.openai.com/docs/models/gpt-4o

5 https://cloud.google.com /text-to-speech?hl=en

" https://openai.com/api/

8 https://cloud.google.com /apis?hl=en

9 https://webrtc.org/
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The different emotional expressions and behavioral strategies used by MiRo-
E. These context-sensitive behaviors align with the LLM prompts, allowing the
LLM to send specific commands (behavioral codes) that trigger certain body
movements or vocal expressions. Additionally, a set of preprogrammed rules,
described in the following section, can also activate these behavioral feedback.
We have defined six behavioral codes that cover various basic emotions and ER
strategies: "Happy/Content" and " Upset/Sad" are commonly used in ER ther-
apies, it helps children recognize positive and negative emotions while fostering
empathy and trust [20]. " Celebration for progress" is designed with special danc-
ing movements to celebrate milestones or the completion of tasks/ER stages,
offering positive reinforcement. The expression "Confused/ Curious" indicates
MiRo-E’s need for more information, which encourages the dyad to self-disclose
and interact further. "Focusing/ Paying attention" depicts MiRo-E’s ongoing
engagement with the dyad. This behavior is active by default, unless another
expression takes precedence. "Sleepy" represents MiRo-E’s dormant state, trig-
gered when human controllers pause the communication module or when the ER
session ends.

2.3 Interaction diagram of the proposed social robotic system

To implement a supervised autonomy approach in social robot—facilitated ER
sessions, we integrated an LLM-powered speech communication module with
a robotic behavior model on the MiRo-E platform, under the supervision of a
robot controller. This human controller monitors the interactions between the
dyad and MiRo-E while allowing the robot to work toward the defined ER goals.

Figure 2 illustrates the interaction flow. A parent-child dyad engages with
MiRo-E through their verbal and non-verbal actions. On the left side of the
figure, the LLM-powered speech module converses with the dyad, employing a
unique goal-oriented prompt for each stage. The LLM extracts contextual infor-
mation from the conversation and concludes each stage with a behavioral code.
This code then triggers a set of preprogrammed robot behaviors and expressions.

Parents and children also interact physically with MiRo-E in parallel with
their verbal input. The behavior model processes gestures such as petting, which
activate the "Happy/Content" expression. During the interaction, MiRo-E con-
tinuously searches for faces during conversations. When MiRo-E detects a face,
it switches to a " Focusing" expression to show attentive engagement. At the end
of the ER session, MiRo-E transitions into a "Sleep" mode after bidding the
dyad goodbye.

3 User Test

To evaluate the usability of our proposed robotic system, we conducted a laboratory-
based user test involving six parent—child dyads (with children aged 6-12). The
user test received approval from the Ethics Review Board at Eindhoven Univer-
sity of Technology, Approval Ref. ERB2024ID583.
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Fig. 2. Interaction diagram of the proposed social robotic system in the ER session

As shown in Figure 1, during the ER session, MiRo-E initiated the interac-
tion by introducing itself and then worked towards subsequent stages guided by
the designed LLM prompts. Although there was no strict time limit, the exper-
imenter could accelerate the process by prompting MiRo-E to move on to the
next stage as needed.

We recorded both video and LLM-based conversations throughout the test.
After the session, we conducted a semi-structured interview with the parent and
child simultaneously, aiming to understand their user experience in terms of user
engagement and trust in the robotic system. The interview topics were adapted
from the User Engagement Scale [18] and the HRI Trust Perception Scale [21].
The analysis of the interviews and the corresponding video observation identified
several preliminary findings.

4 Discussion and Conclusion

Our proposed robotic system employs LLMs as robot policies to deliver ER
support and context-aware multimodal feedback, resulting in notably positive
human-robot interactions. By enabling natural language dialogue and an ex-
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tensive repository of ER technique, MiRo-E provided personalized responses
tailored to each user’s cognitive and emotional state. During user tests, MiRo-E
successfully engaged parent-child dyads and fostered trust by demonstrating em-
pathy and incorporating both conversational and physical forms of interaction.
Nevertheless, there are several design challenges and implications that warrant
further discussion.

We observed different patterns of human-robot interaction. In Figure 1, for
example, the leftmost dyad featured the child speaking directly with MiRo-E
while the father mostly observed. In the middle dyad, parent and child both reg-
ularly engaged with MiRo-E, creating active triadic interactions. By contrast, the
rightmost dyad involved the parent talking to MiRo-E more frequently and facil-
itating the child’s interaction with the robot. These different dynamics in robot-
mediated triadic interactions can be influenced by inherent parent-child relation-
ships, participants’ personality, and the robot’s roles and behaviors. Although
we did not explicitly define the role of MiRo-E to the participants, most parents
perceived it as a blend of 'psychologist’ and ’friend’, while children tended to
view it simply as a friendly companion.

There are a few technical challenges that may affect how the triadic interac-
tion unfolds. First, MiRo-E currently is unable to distinguish between multiple
speakers during a conversation. Although we have designed LLM prompts to
specifically target either the parent or the child at different ER stages, MiRo-E
sometimes merges inputs when the parent and child speak at the same time,
treating them as if they were from a single speaker. Second, the speech com-
munication module is a turn-based system, requiring one party to wait until
MiRo-E finishes responding before continuing. As a result, interactions typically
take on a dyadic pattern (human-robot or human-human), rather than a fluid
three-way exchange among the parent, child, and robot.

Since we aim to support ER for potentially vulnerable individuals, ensur-
ing safety in these interactions is paramount. Previous work has raised concerns
about the explainability of LLM [8], data safety and privacy [15], and hallucina-
tion behaviors [26] that could inadvertently harm users. To address these ethical
concerns and risks, we developed the supervised autonomy approach with hu-
man oversight and predefined ER goals, which restricts MiRo-E’s autonomy and
protects participants’ private information. We also prompted LLM to maintain
a clear, simple communication style and designed MiRo-E with evidence-based
behaviors to enhance clarity and ensure theoretical safety in interactions. In
the future, we plan to further iterate on this social robotic system to support
parent-child dyads in targeted ER contexts, such as facilitating dyadic interac-
tions during stressful collaborations.
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