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Motivation

o World Health Organization (WHO) reports that mental health 

conditions have increased +13% in the last decade

o Problem

• gap between those who require care and those who have access

o Potential solution

• robots can help assess and promote mental wellbeing by offering 

affordable and accessible practices and services
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Wellbeing Coaching

o Coaching goals are to increase the coachee’s: 

• hope 

• goal-striving

• general well-being

o Different styles of coaching:

• Cognitive behavioural

• Positive psychology

• Mindfulness
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Social HRI Research Landscape

InvolvementStudy length & 
frequency

Robot formRobot autonomyStudy setting

Human coach or 
therapist

One-offMechanicalWizard of OzzIn the lab

Potential usersMulti-sessionToy-likeTeleoperatedIn the wild

Human coach & 
potential users

…ZoomorphicPre-scripted …

……HumanoidAutonomous…

………Adaptive…

User-centred and 
iterative

LongitudinalComparativePersonalizedReal-world 
deployment
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Social Robotics for Mental Wellbeing @ Cambridge AFAR Lab

o Goal: Be available where humans cannot be and 

intervene before issues are exacerbated

o Our Vision

• Autonomous wellbeing coach

• Embodied multimodal interactions

• Long-term, personalized HRI

o Our Approach

• Iterative design approach

• Learning from experienced human coaches

• Face-to-face studies to gather interaction data and design 

requirements.

Mindfulness Session delivered by Pepper 
Robot
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Teleoperated Robot Coaching for Mindfulness Training

o Experiment design

• 5-week mindfulness training delivered by – human coach (HC) & a teleoperated robot coach 

(RC)

Projecting Human Upper-body Pose on Pepper

Calibrating Head-
pose Angles.

Imposing Angle
Constraints for 

Other Joint Angles.

Projecting Joint
Angles on Pepper

using NaoQi.

LFTD for Estimating 
3D Joint Positions

Camera Images
1920x1080 @ 3FPS 

Computing 
Joint Angles

Linear Interpolation 
3PS to 30FPS

Projecting Pepper Camera to VR Headset

Pepper Camera Images 
640x480 @ 30fps

Resizing Images 
1920 x 1080

Horizontal Stacking 
with Overlap for VR Projection

Robot Vision Projected 
on the VR Headset

Bi-directional Audio Connection Between the Human and Pepper

SIP Connection 
Over a jitsi Server

Human Coach Wears
a Headset with Mic

Speaker Phone 
Attached to Pepper

Human Coach

Pose, vision and audio pipelines during 
robot teleoperation

I. Bodala, N. Churamani & H. Gunes, "Teleoperated Robot Coaching for Mindfulness Training: A Longitudinal Study“, IEEE RO-MAN 2021  
Finalist for RSJ/KROS Distinguished Interdisciplinary Research Award.
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Longitudinal Changes in the Session Experience Ratings

o Longitudinal interactions with RC

• Significant increase in the Robot Motion and Conversation ratings with time

Univariate random-intercept modelling with time as within-subject factor.
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I. Bodala, N. Churamani & H. Gunes, "Teleoperated Robot Coaching for Mindfulness Training: A Longitudinal Study“, IEEE RO-MAN 2021  
Finalist for RSJ/KROS Distinguished Interdisciplinary Research Award.



Longitudinal Changes in the Session Experience Ratings

o Comparing Feelings at the beginning vs. at the end

• Each session promoted significantly positive mood in the participants for both HC and RC

Weeks with significant differences are indicated by * 

For HC sessions For RC sessions
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I. Bodala, N. Churamani & H. Gunes, "Teleoperated Robot Coaching for Mindfulness Training: A Longitudinal Study“, IEEE RO-MAN 2021  
Finalist for RSJ/KROS Distinguished Interdisciplinary Research Award.

For HC sessions For RC sessions



Findings & Limitations Informing the Next Study

o In-the-lab robotic coaching study

o Robotic coach is not autonomous

o High conscientious people expect the robot to move more naturally 

o People high along neuroticism enjoyed the robot sessions less

• Will robotic wellbeing coaching benefit from personalization and

adaptation ?

o What else the potential users want?

o What other wellbeing practices could the robotic coach deliver? 
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I. Bodala, N. Churamani & H. Gunes, "Teleoperated Robot Coaching for Mindfulness Training: A Longitudinal Study“, IEEE RO-MAN 2021  
Finalist for RSJ/KROS Distinguished Interdisciplinary Research Award.



Participatory Design: Data Gathering

o 8 prospective users

o 3 well-being coaches

– Mindfulness / Meditation

– Solution-Focused Practice

– Life Coaching

o Interviews & focus group discussions

o Rich qualitative data
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M. Axelsson, I. Bodala & H. Gunes, "Participatory Design of a Robotic Mental Well-being Coach“, IEEE RO-MAN 2021.  
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Results

M. Axelsson, I. Bodala & H. Gunes, "Participatory Design of a Robotic Mental Well-being Coach“, IEEE RO-MAN 2021.  
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Thematic Analysis: Results

Motivation to start to practice with robotMotivation to start to practice with robot

AccessibilityAccessibility

Adaptive and responsiveAdaptive and responsive Community of usersCommunity of users

Ease of use, low maintenanceEase of use, low maintenance RecommendationsRecommendations

Motivation to keep using robotMotivation to keep using robot

Adaptive and responsiveAdaptive and responsive

Ease of use, low maintenanceEase of use, low maintenance Privacy respectedPrivacy respected

Seeing resultsSeeing resultsRobot advantagesRobot advantages
AccessibilityAccessibility

Data analysisData analysis

Having a presenceHaving a presence

MemoryMemory

Neutrality and anonymityNeutrality and anonymity

Reliability and consistencyReliability and consistency

Robot disadvantagesRobot disadvantages

Lack of human-nessLack of human-ness

Privacy issuesPrivacy issues

Invasive data collectionInvasive data collection

Safety issuesSafety issues

Technology malfunction or other problemsTechnology malfunction or other problems

Unwanted robot behaviourUnwanted robot behaviour

Robot capabilitiesRobot capabilities
Automateable therapy and meditation elementsAutomateable therapy and meditation elements

Engagement

Expressing empathy

Feedback and evaluation of practice

Instructing and demonstratingInstructing and demonstrating

Interactive and adaptive responses and conversationInteractive and adaptive responses and conversation

Pattern analysis and progress tracking

Personalization, customizationPersonalization, customization

Reminders to practice

Safety, e.g. safeguarding

Robot rolesRobot roles

CompanionshipCompanionship

InstructorInstructor

Peer or friend for wellbeing practicePeer or friend for wellbeing practice

Taking care of robot (robot as pet)Taking care of robot (robot as pet)TelepresenceTelepresence

Working alongside human therapist or coachWorking alongside human therapist or coach

Robot-led well-being practiceRobot-led well-being practice

BSFPSFP

Coaching practiceCoaching practiceEmotion loggingEmotion logging MeditationMeditation

MindfulnessMindfulnessOtherOther YogaYoga

Robot featuresRobot features

Robot environment (practicalities of using robot)Robot environment (practicalities of using robot)

Robot formRobot form

Robot behaviourRobot behaviour Robot interactionRobot interaction
Robot expressivityRobot expressivity

User expectationsUser expectations

AttitudesAttitudes Evidence-based change in opinionEvidence-based change in opinion

NeutralityNeutrality Openness or optimismOpenness or optimismSkepticismSkepticism

Level of interactivity (coach vs aid)Level of interactivity (coach vs aid)Robot form influencing expectationsRobot form influencing expectations

M. Axelsson, I. Bodala & H. Gunes, "Participatory Design of a Robotic Mental Well-being Coach“, IEEE RO-MAN 2021.  



Findings Informing the Next Study

o Participants receptive to scientific 

evidence, more open to using robot

o Coaches thought robot could perform 

certain well-being practices
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P5: “I am always receptive to evidence, if it 

has been shown to be beneficial I would 

certainly give it a try, it lessens my skepticism.” 

C3: “… [the robot] could give the person the 

sense [that] someone is there for you, present.”



Towards Autonomous & Adaptive Robotic Wellbeing Coach

(a)

(a) Boumans R, van Meulen F, Hindriks K, et al Robot for health data acquisition among older adults: a pilot randomised controlled cross-over trial
BMJ Quality & Safety 2019;28:793-799.
(b) https://www.scmp.com/lifestyle/health-wellness/article/3024028/how-robot-nurses-could-help-care-worlds-elderly-and 
(c) https://eindhovennews.com/news/2018/06/robot-pepper-helps-children-hospital-visits/

(b)

Interact and adapt.
Extend learning with 

other users.
Adapt to different user

demographics.

…

(c)
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Traditional vs. Continual Learning

Traditional
o Models trained in isolation on benchmark datasets.

o Large datasets enable generalisation across 
contexts.

o Training data might be very different from 
application scenarios.

o Generalisation comes at the cost of learning 
individual differences.

o Cumbersome to retrain and update models.

o Agents acquire and integrate knowledge 
incrementally about changing environments.

o Data only made available sequentially.

o Highly sensitive towards changing data conditions.

o Adaptations in learning to avoid forgetting.

CL Problem Formulation:

Continual Learning

Model

New Data

Experience

Task

Improved Model

Updated Experience

T. Lesort et al., “Continual learning for robotics: Definition, frame- work, learning strategies, opportunities and challenges,” 
Information Fusion, vol. 58, pp. 52–68, 2020. 
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Traditional vs. Continual Learning
16

Generalisation for facial expression recognition

(b)

Personalisation to learn individual expressions

(a)



Continual Learning for Affective and Wellbeing Robotics

N. Churamani, M. Axelsson, A. Caldir & H. Gunes, "Continual Learning for Affective Robotics: A Proof of Concept for Wellbeing“, ACII-W 2022.
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Continual Learning in Action: Wellbeing Coaching

o Positive psychology exercises

• 2 impactful things in their lives in the recent past

• 2 things that they felt grateful for in the recent past

• 2 recent accomplishments in the recent past

o Conditions

• C1 - Static and Scripted Interaction

• C2 - Affect-based Adaptation without Personalisation

• C3 - Affect-based Adaptation with Continual Personalisation
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Results

Scores for C1, C2, and C3 conditions. 
* represents p < 0.05 and ** represents p < 0.01.
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Customised Question Scores under C1, C2, and C3 conditions.



Findings & Limitations Informing the Next Study

o In-the-lab robotic coaching 

o Robotic coach lacks in speech capabilities (understanding / generation) 

o A unimodal affect perception model be insufficient

• explore multimodal perception to better asses participants’ (affective) responses

o Continual Learning in action comes with challenges
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Continual Learning: Challenges & Recommendations

N. Churamani, S. Kalkan & H. Gunes, "Continual Learning for Affective Robotics: Why, What and How?“, IEEE RO-MAN 2020.
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Findings & Limitations Informing the Next Study

o In-the-lab robotic coaching study

o Robotic coach lacks in speech capabilities (understanding / generation) 

o A unimodal affect perception model be insufficient

– explore multimodal perception to better asses participants’ (affective) 

responses

o Continual Learning in action comes with challenges

o Investigate longitudinal interactions over time 

– to determine whether the effects hold (long-term HRI)
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Robotic Mental Well-being Coaches in the Workplace

o Research questions

23

M. Spitale, M. Axelsson & H. Gunes: Robotic Mental Well-being Coaches for the Workplace: An In-the-Wild Study on Form. HRI 2023. 3

RQ1 



Robotic Mental Well-being Coaches in the Workplace

o Research questions
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M. Spitale, M. Axelsson & H. Gunes: Robotic Mental Well-being Coaches for the Workplace: An In-the-Wild Study on Form. HRI 2023. 3

RQ1 
RQ1

How does the robot form influence 
coachees’ perceptions of the 

robotic coach in the workplace?



Robotic Mental Well-being Coaches in the Workplace

o Research questions
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M. Spitale, M. Axelsson & H. Gunes: Robotic Mental Well-being Coaches for the Workplace: An In-the-Wild Study on Form. HRI 2023. 3

RQ1 RQ2
How do employees perceive the 

robotic coach's personality, and do 
the perceptions differ due to form?



Robotic Mental Well-being Coaches in the Workplace

o Research questions

26

M. Spitale, M. Axelsson & H. Gunes: Robotic Mental Well-being Coaches for the Workplace: An In-the-Wild Study on Form. HRI 2023. 3

RQ1 RQ3
How do the perceptions of the 

coachee-coach alliance (working 
alliance) differ across the two 

forms?



Robotic Mental Well-being Coaches in the Workplace
27

M. Spitale, M. Axelsson & H. Gunes: Robotic Mental Well-being Coaches for the Workplace: An In-the-Wild Study on Form. HRI 2023. 3

M - Misty Robot

QT - QT Robot



Robotic Mental Well-being Coaches in the Workplace

o Robot Personality
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M. Spitale, M. Axelsson & H. Gunes: Robotic Mental Well-being Coaches for the Workplace: An In-the-Wild Study on Form. HRI 2023.

Target Robot Personality

Robotic mental well-being coach 
personality:

– High Openness – O
– High Conscientiousness – C
– Medium Extraversion – E 
– Medium/High

Agreeableness – A 
– Low Neuroticism – N



Robotic Mental Well-being Coaches in the Workplace

Results: Perception of the robots as a wellbeing coach (RQ1)
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RoSAS
competence

RoSAS
warmth

RoSAS
discomfort

“need to be a conversation partner first” (QT)

robot made them feel “a lot more engaged” in 
comparison to doing the exercise on their own (M)

The Misty (M) robot was perceived 
more positively than the QTrobot (QT)



Robotic Mental Well-being Coaches in the Workplace

Results: Robot personality (RQ2)
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Target vs. Perceived Personality of M and QT coachees

“the robot doesn’t have any personality” (QT)

“empathetic” , “caring”, “more introvert than 
extrovert”, “warm”, “calm” or “calming” and 
“relaxed” (M)

Coachees perceived M’s voice, gestures, and 
personality more positively, while coaches were 
more critical of the QT and many noted that it 

did not have a personality



Robotic Mental Well-being Coaches in the Workplace

Results: Coach-coachee alliance (RQ3)
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MQT

WAI-SR task WAI-SR 
bond

WAI-SR goal “[the correct timing] built up my connection with 
the robot, and then it went and destroyed all its 
hard work by [talking] in the wrong places” (QT) 

“there’s a little emotional connection going”, “I do 
feel an affinity with her” (M).

Coachees developed a stronger alliance with Misty 
robot (M) than with the QTrobot delivering well-

being exercises



Findings & Limitations Informing the Next Study

o Robotic coach form / embodiment matters

– Impacting perception of behaviours and personality

o The coach-coachee alliance is essential for successful coaching

– but is negatively impacted by interaction ruptures

32

You have just 
interrupted me! 

So annoying..



Interaction Ruptures in Robotic Wellbeing Coaching

o Data annotation

– User awkwardness (e.g., participants  may look confused, 

uncertain, distressed or uncomfortable)

– Robot mistake (e.g., interrupting the coachee, not 

responding to the coachee)

– Interaction rupture: either the presence of user 

awkwardness or a robot mistake, or both
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Spitale, M., Axelsson, M., & Gunes, H. (2023). Longitudinal Evolution of Coachees’ Behavioural Responses to Interaction Ruptures in Robotic Positive 
Psychology Coaching, Proc. IEEE RO-MAN.



Longitudinal Evolution of Behavioural Cues

o Over time:

– Change of 

behaviour

– Longer speech 

length

– Less intense 

“confused” 

expression

34

Spitale, M., Axelsson, M., Kara, N. & Gunes, H. (2023). Longitudinal Evolution of Coachees’ Behavioural Responses to Interaction Ruptures in Robotic 
Positive Psychology Coaching, Proc. IEEE RO-MAN.

Cheek Raiser Lid Tightener Upper Lip Raiser Lip Corner Puller



Interaction Ruptures in Robotic Positive Psychology Coaching
35

Spitale, M., Axelsson, M., Kara, N. & Gunes, H. (2023). Longitudinal Evolution of Coachees’ Behavioural Responses to Interaction Ruptures in Robotic 
Positive Psychology Coaching, Proc. IEEE RO-MAN.

Examples of interaction ruptures

Weeks

Interaction Rupture



Additional Limitations & Revised Objectives

L1) Negative perceptions about the robotic 
coach

L2) No longitudinal personalisation

L3) Occurrence of interaction ruptures

L4) Limited conversational capabilities

L5) No significant mental well-being 
improvement

36

Spitale, M., Axelsson, M., & Gunes, H. (2023). VITA: A Multi-modal LLM-based System for Longitudinal, Autonomous, and Adaptive Robotic Mental 
Well-being Coaching. arXiv preprint arXiv:2312.09740.

O1) Interactive and responsive robotic 
coach

O2) Adaptive robotic coach over time

O3) Interaction rupture detection & repair

O4) LLM integration in the robotic coach

O5) Significant improvement of mental 
well-being



The VITA System

VITA system includes sensor, detector, actuator, dialogue and decision modules using the open-source framework 
HARMONI
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Spitale, M., Axelsson, M., & Gunes, H. (2023). VITA: A Multi-modal LLM-based System for Longitudinal, Autonomous, and Adaptive Robotic Mental 
Well-being Coaching. arXiv preprint arXiv:2312.09740.

Code: https://github.com/Cambridge-AFAR/VITA-system



Components of the VITA System
38

Spitale, M., Axelsson, M., & Gunes, H. (2023). VITA: A Multi-modal LLM-based System for Longitudinal, Autonomous, and Adaptive Robotic Mental 
Well-being Coaching. arXiv preprint arXiv:2312.09740.



Reinforcement Learning Pipeline

o Generic pre-trained model 
using a dataset we collected in 
our lab
• 1 well-being coach delivered 4 

positive psychology exercises with 
5 researchers

o Online adaptive RL:
• 3 actions

• 11-element observation space

• Reward (facial valence and 
speech duration)

39

Spitale, M., Axelsson, M., & Gunes, H. (2023). VITA: A Multi-modal LLM-based System for Longitudinal, Autonomous, and Adaptive Robotic Mental 
Well-being Coaching. arXiv preprint arXiv:2312.09740.



Evaluation of VITA

o In the lab pilot study: 4 researchers, robotic coach delivers 4 

positive psychology exercises in 3 conditions each

• Pre-scripted (Fig.a)

• Generic RL (Fig.b)

• Adaptive RL
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Spitale, M., Axelsson, M., & Gunes, H. (2023). VITA: A Multi-modal LLM-based System for Longitudinal, Autonomous, and Adaptive Robotic Mental 
Well-being Coaching. arXiv preprint arXiv:2312.09740.

• Real-world study: 17 employees from 

a tech company interacted with a 

robotic coach with the adaptive RL 

embedded over 4 weeks (Fig.c)



Key Findings

o Coachees perceived the VITA adaptive and generic configurations more positively than the 

pre-scripted one 

• felt understood and heard by the adaptive robotic coach

o VITA adaptive robotic coach kept learning successfully by personalising to each coachee

• did not detect interaction ruptures

o Coachees had significant mental well-being improvements

o The VITA system is open-source and available on Github
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Spitale, M., Axelsson, M., & Gunes, H. (2023). VITA: A Multi-modal LLM-based System for Longitudinal, Autonomous, and Adaptive Robotic Mental 
Well-being Coaching. arXiv preprint arXiv:2312.09740.



What Next? Iterative Design of Repair Strategies (sneak peek)

o Problem: Closer inspection revealed subtle interaction ruptures

o Solution: Iterative design of repair strategies

42

Axelsson, M., Spitale, M. & Gunes, H. (2024). "Oh, Sorry, I Think I Interrupted You": Designing Repair Strategies for Robotic Longitudinal Well-being 
Coaching. Proc. ACM/IEEE HRI’24.

@ACM/IEEE HRI’24



Key Takeaways (1)

o Human expert involvement and guidance matters

o Iterative user-centred design is crucial for user acceptance and success

o Use and engagement beyond the novelty effect requires longitudinal HRI

o Deployment in the real world provides real insights for improvement 

o Users’ perceptions of the robot and its behaviours evolve over time
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Key Takeaways (2)

o One size does not fit all

• Robot embodiment, personality, expressivity and speech are inter-related and need 

to be considered together for the specific application context

• LLMs are powerful for enhancing the speech processing and generation capabilities 

of robots, but they need ‘policing’

• Even within the same user group there is variation  robot learning and adaptation

is essential
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IEEE RO-MAN 2022 & 2023 Workshop on

HRI for Wellbeing (HRI4Wellbeing)
https://hri4wellbeing.github.io/
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