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USINET and HSI






USINET Alumni Organization

Last year we rekindled the USINET alumni organization. USINET was in hi-
bernation, due to the need to restructure TU/e’s User-System Interaction (USI)
P.D.Eng. programme, now titled Human-System Interaction (HSI) — and there-
fore our last year’s theme “From User to Human”. This new title reflects the
focus on the more considerable societal challenges we face and the need for a
broader scope to address them.

As the event organizing committee, we were not sure what to expect in
terms of the number of attendees. We were very pleased to have had almost one
hundred registrations. In the event itself we welcomed numerous alumni from
almost all generations. We hosted talks of three of our alumni, a panel and a
poster session from current HSI trainees.

While last year’s event focused on rekindling and reuniting, this year’s event
wishes to focus on current professional challenges and opportunities introduced
by Artificial Intelligence (AI). The rapid adoption of Large Language Models
(LLMs) and other forms of Al raises new user challenges, such as overreliance
and trust, along with productivity benefits. This rapid adoption also poses
questions to designers of technological systems and other professionals to reorient
themselves vis-a-vis these Al systems. To facilitate discussions around these new
times, this year, we planned an event to cater for more interactions with alumni
and trainee talks, a poster session. Furthermore, we organize two workshops by
our alumni for trainees and alumni the day before our main event.

The USINET alumni organization (stichting) is based in Eindhoven, the
Netherlands and aims to:

e Support the exchange of information between alumni and current trainees
to keep a balance between academia and industry.

e Keep the members updated about professional developments in the fields
of Human-Computer Interaction (HCI) and User Experience (UX).

e Provide an outlet for keeping in touch with other alumni members and
interface with other UX and HCI professionals.

e Organize social and professional activities to enrich the discipline as a
whole.

Javed Khan, president USINET






EngD Program
Designing
Human-System Interaction

The USI (User System Interaction) Program

The User System Interaction (USI) program started in 1998, founded by the Stan
Ackermans Institute at the Technical University Eindhoven (TU/e), the Nether-
lands. It was a two-year post-master program leading to the degree of Master of
Technological Design (MTD), for students who wanted to become user system
interaction designers in R&D organizations. The overall goal of the program is
to provide students with the skills and capabilities for conceptualizing, design-
ing, implementing, and evaluating new products, services, and applications that
exploit possibilities of new technologies for the benefit of users in the domain
of information and communication technology. The content of the curriculum
is regulated by staff of the TU /e from different faculties working in the field of
USI and Human-Computer Interaction (HCI), and is carried out by nationally
and internationally well-known experts from academia and industry [1, 2]. The
program accepts about 20 applicants per year. Each USI cohort is composed of
a balanced group of students of multidisciplinary and multicultural background.
The target composition is 50% engineering, 50% behavioral sciences, 50% Dutch
citizenship and 50% nonDutch citizenship [3].

The last cohort of the USI program graduated in 2018, and the last indi-
vidual USI graduated in 2020. During the later years of USI, there have been
technological changes as well as changes in the group of companies that regularly
provide relevant design projects. We decided that the program needed a sub-
stantial revision to keep aligned with technological developments and to respond
to changes in and the needs of the industry.

HSI: EngD Designing Human-System Interaction

Recognizing the need of the industry for highly trained professionals and for
transferring research results and specialized expertise through people, the de-
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partment started the Engineering Doctorate (EngD) program in Designing Human-
System Interaction in June 2022 [4]. We recruit Master’s graduates with a degree
in a discipline related to interaction design. The training program includes an
individualized curricular component that covers design and professional skills to
prepare them for work in industry, specialized training based on the research of
the department, and an industrial project which takes in total about one year.
The projects are funded by industry and from research projects. EngD candi-
dates are in excellent positions to put the knowledge acquired from research into
industrial practice in these projects. Currently, there are 13 trainees engaged in
this new program, and three of them will be graduating in Fall 2024.

The new EngD program, Designing Human-System Interaction (HSI), aims
to train professionals to develop competencies in designing and evaluating in-
teractive, intelligent, and innovative systems, services, and products, ensuring
positive user experiences that support their values and needs. It pays attention
to the frontier of the complex systems enabled by artificial intelligence, data sci-
ence, and other emerging technologies in high-tech systems, health applications,
and smart mobility, as well as their impact on individuals, organizations, and
society. The new program is based on three pillars (Figure I):

e Design thinking, systems thinking, and business innovation.

e Scientifically founded and methodologically sound user-centered and data-
driven approaches.

e Understanding of artificial intelligence and machine learning.
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Figure 1: Human-System Interaction Engineer

Next to its new focus, the new HSI program strengthens itself in the follow-
ing aspects in order to better its position in relation to industry, research and
education.



Individualized program instead of cohort-based training. Like PhD pro-
grams, the HSI EngDs can start at any time in the year, working on a
project over two years, while taking the courses according to their per-
sonal development plans (Figure I). This allows flexibility in training and
in collaboration.

Structural Involvement of Findhoven Engine. The program is strongly
supported by Eindhoven Engine to reach out to the core interests of the
AT and Data related industry and business innovations. The connection to
Eindhoven Engine is helpful in project acquisition and provides the context
for training the trainees with real-world challenges.

Valorizing results in research projects. Most of the research projects at ID
involve industrial partners, and EngD candidates are in excellent positions
to put the knowledge acquired from research into the industrial practice
in these projects. ID has been strategically promoting the EngD positions
among the researchers when acquiring research funding.

Strengthening the link between education and research. EngD candidates
are encouraged to define their individual design cases by cooperating with
Master students in courses and squad projects and further the student
work for more solid research purposes and results.

year 1
1 2 3 4 5 6 7 8 9 10 11 12
courses |
Design Cases l:- I:
Design Project |
year 2
1 2 3 4 5 6 7 8 9 10 11 12
Courses I
Design Cases 3 I:
Design Project | _

Figure 2: HSI curriculum structure

MTD = PDEng = EngD

(Below is edited based on [5])

In 2022, the Executive Boards of 4TU (3TU + Wageningen University & Re-

search) decided to change the degree from Professional Doctorate in Engineering
(PDEng) to Engineering Doctorate (EngD) for graduates from the Technological
Design (MTD) or PDEng programs as of 1 September 2022.

The reason for the most recent name change is that the universities of ap-
plied sciences in the Netherlands are starting with Professional Doctorate (PD)
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trajectories. Therefore, we want to avoid confusion between those trajectories
and our programs at an academic level.

EngD is already used as a degree in the United Kingdom for programs re-
sembling Dutch programs. The national associations for both programs (AEngD
and 4TU.SAI) have been affiliated members since 2012. It has been agreed that
EngD and PDEng are on the same level.

Only the name of the degree changes; the contents of the programs are not
affected. Alumni with an MTD or PDEng diploma are free to use the EngD
degree as of 1 September 2022.

References
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Event Program

May 15-16, 2025, Eindhoven

May 15 Workshops

09:00-12:00, Algorithmic Affordances, led by Koen van Turnhout & Marissa
Berk

13:00-16:00, User-centered Design for Data, led by Ruud Zandbergen &

Yiran Wei

May 16, Conference

Film Zaal, De Zwarte Doos, TU Eindhoven

11:30-12:00 Welcome & Registration
12:00-13:00 Lunch

13:00-14:30 Invited Talks:
Carina Palumbo

Jéssica Messias Goss Dos Santos
Victoria Bruno

14:30-16:30 Poster & Coffee Sessions. Presenters:
Adhityan Raja

Amalia Mantziari Zafeiri
Amirreza Gholami

Aron Samuel Georgekutty
Diede van Marle

Golnoosh Sabahifard

Jillian de Bie

Peter Schaefer

Qingyuan Lin

Rick Knops and Julie Veitch
Sichen Guo

Tiangin Lu
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e 16:30-17:30 Faculty Tour
e 17:30-20:30 Drinks & Dinner
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Workshops

Algorithmic Affordances

09:00-12:00, May 15, 2025, led by Koen van Turnhout and Marissa Berk

We illustrate how interaction design can contribute to responsible Al and
explore the ways in which this knowledge can be made accessible for designers.
In particular, we focus on the different ways in which end-users can play with
the recommendation space of Al-based systems as a means to implement and go
beyond explainability.

User-centered Design for Data

13:00-16:00, May 15, 2025, led by Ruud Zandbergen and Yiran Wei
We will share how we apply User-Centered Design in our projects to create

human-friendly and efficient data solutions, by making data the means to provide
relevant insights instead of the end goal itself.
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Invited Talks

Carina Palumbo
GenAlI & Design:
transformation and opportunities for inclusion

As designers, we play a crucial role in shaping the future and responding to
advancements that significantly influence society. In today’s rapidly evolving
landscape, it is essential to understand the implications and potential of Gener-
ative Al (GenAlI). This understanding not only ensures that we stay informed
about the latest technological developments but also enables us to design with
responsibility and ethical consideration.

This presentation aims to provide an overview of how we can effectively utilise
GenAl within our design practices. We will examine the impact of GenAl on the
design domain, exploring the opportunities it presents, including its potential to
improve accessibility and address the digital divide. The insights shared are
based on literature and the design consulting expertise of Deloitte Netherlands,
providing a foundation for understanding and applying GenAl in our creative
processes.

The impact of GenAlI on the design domain

The ability to automatically generate new data using Generative AI (GenAl)
- including synthetic data, images, text, code, speech synthesis, and synthetic
videos—is influencing society at various levels and across multiple domains, in-
cluding the field of design. Design tasks are not only being automated but also
augmented by GenAlI [1]. This technology empowers designers to undertake
tasks that traditionally fell outside their professional scope, such as coding or
conducting data analysis to derive insights for users or clients.

The augmentation of design tasks and other disciplines will be further en-
hanced by the emergence of Agentic Al, which autonomously designs, executes,
and optimises workflows and processes. Al agents can assume specific roles,
make decisions, plan, and adapt to achieve defined objectives.

The potential impacts of GenAl extend to areas such as user interface de-
sign, software development, contact centres, self-service platforms, and hyper-
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personalisation. As a result, the mindset and skills of designers are evolving
and will continue to do so [2]. The questions we ask ourselves are shifting
and will further evolve. Currently, we are focused on how to design for con-
versational user interfaces and voice and text interactions. Soon, however, we
will be tasked with designing agent-based experiences that incorporate hyper-
personalised, data-driven interfaces. With the rise of ubiquitous computing and
the convergence of individuals, devices, and external contexts, new questions
will emerge that we have yet to consider.

Can GenAl close the digital access gap?

Historically, many of the digital services and products designed by our societies
are not inclusive. Despite governmental efforts and regulations, a persistent
access gap remains, resulting from inadequate inclusiveness in both public and
private sectors. This results in diverse user groups being unable to optimally
access services, while scarce design and technology specialists continuously try
and fix solutions to make them accessible, placing metaphorical ’plasters’ to
websites and apps. Although compliance with regulations over time is somewhat
achievable, transforming the global digital landscape into a universally accessible
environment remains a formidable challenge.

In the past, usability and user experience expert Jacob Nielsen, co-founder
of the Nielsen Norman Group, discussed how AT could soon rescue diverse user
groups [3]. He envisions Al creating customized user interfaces for everyone,
tailored to their specific needs. This concept is already being demonstrated by
innovations in development and working digital solutions. However, the question
remains: Can GenAl really close the digital access gap?

It is becoming clear that GenAl alone will not inherently foster inclusiveness.
Inclusive design (or inclusive culture) is crucial in building a fair society where
everyone, regardless of background or abilities, has equal access to services and
opportunities. Organizations creating products and services are responsible for
steering modern technologies towards inclusivity to bridge the digital access gap.

References

[1] P. F. Vallejo, “Redefine your design skills to prepare for ai,” 2025. Nielsen
Norman Group, Last accessed on 2025-04-24, https://www.nngroup.com/
articles/prepare-for-ai/.

[2] J. Fletcher, “Shifts in: Ai in ux / designer skill sets,” 2025. Medium,
Last accessed on 2025-04-24, https://joefletcher.medium.com/%EF/.B8%
8F-shifts-in-ai-in-ux-designer-skillsets-8ca669delbas.

[3] J. Nielsen, “Accessibility has failed: Try generative ui = individualized
ux,” 2024. Jakob Nielsen on UX, Last accessed on 2025-04-24, https:
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Carina Palumbo

Enterprises, particularly public organisa-
tions, often feel overwhelmed by the com-
plexity of digital transformation. In
this context, placing humans at the cen-
tre is crucial to bringing strategic clarity
and defining priorities. Focusing on hu-
man needs—clients, citizens, and employ-
ees—and aligning them with the purpose
of the organisation and its technology land-
scape is key to delivering successful digital
services.

Carina is a Senior Manager at Deloitte
Netherlands. She helps organisations trans-
form to realise effective digital experiences
by augmenting their capabilities with de-
sign thinking, user experience design, data-
driven insights, and agile software development.

Her extensive experience with public sector projects often involves design-
ing solutions for citizens in vulnerable circumstances. The combination of her
professional expertise and personal journey as an expat establishing herself in
the Netherlands has fueled her passion for inclusive design. She leverages this
passion to enhance and expand the accessibility and inclusive design capabilities
within her teams.
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Jéssica Messias Goss Dos Santos
From empathy to impact:
Designing Met Mij for social inclusion

While many social services exist, people lacking basic skills — such as reading,
writing, numeracy, and digital skills — are often excluded from society and
left unable to access the help they need. During my EngD in Human-System
Interaction at TU /e, I explored how artificial intelligence could be used not just
to optimize efficiency or scale existing systems, but to promote inclusion and
democratize access to support. This led to the creation of Met Mij, a system
that tackles a wicked problem: how to connect people lacking basic skills to
essential services in a way that is simple, respectful, and empowering.

As part of this system, I developed Mijke, an Al-based WhatsApp assistant
that supports users in navigating social services through accessible conversation.
The system not only helps people find the right support, but also enables service
providers to reach those who are often invisible.

In this talk, I will present the journey of Met Mij, from empathy and pro-
totype to a real-world pilot within Eindhoven Engine. The presentation will
also reflect on the personal and professional transformation required to create
inclusive, human-centered, and meaningful solutions.

Jéssica Messias Goss Dos Santos

Jéssica Goss holds an Engineering Doctor-
ate (EngD) in Human-System Interaction
from Eindhoven University of Technology
(TU/e). During her graduation project, she
designed Met Mij, a system aimed at im-
proving access to local services for people
lacking basic skills — such as reading and
writing, numeracy, and digital skills. The
goal of the system is twofold: to help peo-
ple find the right support, and to help ser-
vices reach the people who need them most.
As part of this system, she developed Mijke,
an Al-based WhatsApp assistant that guides
users through social services in a simple and
friendly way.

Jéssica holds a master’s degree in Infor-
mation Systems from the Federal Univer-
sity of Parana (Brazil), where she focused
on visual information, rhetoric, and digital
games. She has published research in digi-
tal communication, human-centered design,
and interactive media.
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Now continuing her work at Eindhoven Engine, Jéssica is leading the devel-
opment of Met Mij, with Mijke the matchbot as its first product. Her mission is
to create inclusive technology that begins with empathy and leads to meaningful
social impact.
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Victoria Bruno
From accuracy to adoption:
designing AI that works for clinicians

Artificial intelligence is rapidly advancing across the healthcare domain, offering
opportunities to enhance diagnostic accuracy, streamline workflows, and support
clinical decision-making. Radiology, in particular, holds significant potential for
Al-driven transformation, especially through tools like computer-aided diagnosis
(CAD) systems. Yet, broader adoption of these systems in clinical practice
remains limited. A key barrier lies in the challenge of integrating Al into clinical
workflows and fostering meaningful multidisciplinary collaboration throughout
development.

In this talk, Victoria Bruno will present a
case study on the design and development of
a Research Collaboration Platform, an Al-
assisted CAD system for the early detection
of pancreatic cancer. The platform serves
not only as a diagnostic support tool, but
also as a means to facilitate collaboration
among clinicians, Al engineers, and design-
ers within the Eindhoven MedTech Innova-
tion Center (e/MTIC).

Victoria Bruno

Victoria Bruno is currently pursuing an En-
gineering Doctorate (EngD) in the Human-
System Interaction program at the Depart-
ment of Industrial Design at Eindhoven Uni-
versity of Technology (TU/e), in the Nether-
lands.

She holds a Bachelor’s degree in Mechan-
ical Engineering from Politecnico di Bari and a Master’s degree in Biomedical
Engineering, specializing in Biomaterials and Tissue Biomechanics, from TU
Delft. Since 2019, Victoria has worked in the medical device industry, holding
roles in product management and clinical evaluation at Applied Medical and
Stryker.

Driven by a strong curiosity and passion for technology, she transitioned into
software engineering through the EngD program, making her interest in web de-
velopment into a professional focus on health technology. As part of her doctoral
work, she collaborated with designers, Al engineers, and clinicians at Catharina
Hospital through the Eindhoven MedTech Innovation Center (e¢/MTIC), con-
tributing as a frontend-focused software engineer.
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Personalized Socially Assistive Agent Interaction
that Supports Social Relationships for People
with Dementia

Adhityan Rajal [0009—0007—0017—6435]
)
Minha Leel[0000—0002—7990—9035]7 and Rens Brankaert1,2[0000—0002—0526—9370]

Department of Industrial Design, Eindhoven University of Technology {a.raja,
m.lee, r.g.a.brankaert}@tue.nl

Abstract. As Al-driven agents become more integrated into dementia
care, their role in supporting emotional well-being, memory, and social
connection warrants deeper exploration. This study, conducted within
the WECARE project, investigates how conversational Al agents can fa-
cilitate remembering, learning, and inter-generational engagement dur-
ing reminiscence therapy with people with dementia (PwD). Grounded in
the principles of Warm Technology and responsible engineering, our work
prioritizes dignity, autonomy, and social connectedness over purely cog-
nitive support. Using a research-through-design approach, we developed
and tested a series of personalized voice agents in various care settings.
These agents, with lifelong learning capabilities, were designed to sup-
port emotionally rich, adaptive conversations. The findings show that
such agents can function as conversational catalysts, helping to struc-
ture personal histories into narratives and stimulating reflection. How-
ever, tensions around memory accuracy, privacy, and trust underscore
the need for ethical, user-sensitive design. This research contributes to
the design of Al systems that enhance care relationships without replac-
ing them, advancing the broader discourse on responsible Al in dementia
care.

Keywords: Dementia - Conversational User Interfaces - Reminiscence.

Introduction

With 55 million people currently living with dementia, a number projected to
rise to 78 million by 2030, dementia care is an urgent global challenge [1]. Tradi-
tional models of care emphasize safety and routine but often neglect emotional
and social dimensions that contribute significantly to quality of life. Within
this context, the WECARE project (Warm Eindhoven Care Assistance and Re-
sponsible Engineering) proposes a paradigm shift toward "Warm Technology" -
technology that is accessible, non-stigmatizing, and deeply attuned to social and
emotional needs.

WECARE is a 3.5-year collaboration between TU /e, Fontys, Alzheimer Ned-
erland, Phillips, SARA Robotics, and Tinybots. It embraces responsible engi-
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Adhityan Raja et al.

neering and person-centered care by developing interactive Al agents that func-
tion not merely as assistive tools, but as emotionally and socially intelligent
companions. The project follows a structured progression: starting at technol-
ogy readiness level 3 with proof-of-concept prototypes and culminating in field-
evaluated agents ready for real-world application. Our contribution focuses on
the role of AI voice agents in reminiscence therapy, specifically how they can
foster remembering, learning, and inter-generational social engagement while
navigating ethical concerns like personalization, privacy, and trust.

Approach

Our research is situated within the broader framework of WECARZE’s responsible
engineering goals. Through a research-through-design methodology, we engage
in speculative prototyping, iterative design, and field studies with people with
dementia (PwD) and their caregivers. Building on early prototypes that exper-
imented with embedding conversational Al into everyday objects, we explored
how non-human entities can serve as catalysts for social connection.

We developed a series of conversational agent prototypes that enable life-
long learning and personalization. These agents were deployed in real-world care
contexts over limited periods to study their evolving impact. Key design consid-
erations included empathy in interaction, narrative coherence, and the ability to
dynamically adapt to user preferences.

Findings

Early deployments reveal that conversational agents can effectively stimulate
memory recall and deepen social dialogue, serving as third entities in conversa-
tions. Participants valued the agent’s capacity to organize personal histories into
narrative form, offering both familiarity and surprise that triggered emotional
reflection. Participants appreciated the balance between factual memory and
imagined narrative, often finding joy in expanding on the agent’s storytelling.

However, challenges emerged around the personalization of sensitive data,
particularly in relation to agency, consent, and memory accuracy. Participants
expressed a desire for control over the extent and framing of shared memories.
The engagement of agents also varied: while some users engaged playfully with
the idea of a "talking object," others resisted the illusion, asserting their aware-
ness of the underlying technology. These insights suggest that the effectiveness of
AT in reminiscence hinges not just on technical capability, but on ethical design
and socio-emotional responsiveness. Conversational agents must strike a delicate
balance between automation and human dignity, between narrative assistance
and narrative ownership.
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Personalized Socially Assistive Agent Interaction for PwD

Conclusion and Future Work

This research contributes to WECARE’s broader objective of redefining the role
of technology in dementia care. By emphasizing warmth, responsibility, and hu-
man dignity, we advocate for Al systems that support—not supplant—interpersonal
relationships. Through testing and iterative refinement, we move toward scal-
able, ethically grounded AI agents capable of enriching the lived experiences of
people with dementia and their care networks. This work informs the future
design of lifelong-learning agents that promote well-being, autonomy, and social
interdependence in dementia care.

The next phase of the project will explore effective forms of collective story-
telling and what the role of an Al agent could be in this activity.

About Adhityan Raja Adhityan Raja is an
Engineering Doctorate trainee from the Human-
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1 Introduction

This study is currently in progress and is about to enter the clinical trial phase.
Patient enrollment is in the process of being initiated, and data collection will
begin shortly after enrollment.

1.1 Background and Rationale

Lifestyle behaviours including physical activity, nutrition, sleep, smoking, and
management of mental stress are significant factors for the clinical course and
overall treatment results of chronic cardiac diseases [1]. Specifically, these lifestyle
factors have been shown to be strongly related to disease burden and quality of
life in patients with atrial fibrillation (AF) [2, 3].

Furthermore, cardiac rehabilitation has been shown to improve lifestyle be-
havior and reduce the recurrence of arrhythmias [10]. Despite this evidence,
structured lifestyle interventions and cardiac rehabilitation often fail to be im-
plemented efficiently. The reasons behind that can be patient-related (i.e., trans-
portation problems, working obligations, not appealing for specific subgroups)
[4,9] or/and healthcare-related (i.e., low referral rates, limited facilities, and re-
sources) [8,9].

Consequently, personalized lifestyle interventions for these patients that can
be easily implemented while avoiding burdening the healthcare system are needed.
The solution proposed in this study is a structured lifestyle intervention platform
that will combine holistic gamified lifestyle interventions of the Greenhabit app
[7] integrated with a recently developed Continuous Lifestyle Monitoring Sys-
tem Care-On (digital platform with wearable sensor and dashboard) that was
evaluated in a recent study on feasibility and adherence [5,6]. The advantages
of this novel intervention over traditional cardiac rehabilitation from a patient
perspective are that it does not require hospital visits and that it may be more
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appealing than a traditional program, as it is a gamified intervention and it
can be done with family or friends. From a hospital perspective, the proposed
intervention requires fewer resources and less personnel deployment.

1.2 Hypothesis and Objective

Hypothesis The hypothesis of this study is that a gamified lifestyle interven-
tion, integrated with a continuous lifestyle monitoring platform, will result in
high adherence rates over a 3-month period in patients with atrial fibrillation
referred for catheter ablation. The aim of the study is to evaluate the practicality
of implementing the intervention and its acceptance by patients.

Objective The primary objective of this study is to evaluate the adherence to a
3-month gamification intervention integrated with a recently developed platform
for continuous lifestyle monitoring (Care-On) in patients with AF referred for
catheter ablation.

2 Study Design

2.1 Overview

This is a single-centre, prospective interventional study. The intervention du-
ration will be 12 weeks for each participating patient with a post-intervention
follow-up period of additional 12 weeks.

2.2 Study Population

The study sample will consist of adult patients (aged over 18 years) with symp-
tomatic atrial fibrillation referred for catheter ablation. Participants will be re-
quired to meet all predefined inclusion criteria and none of the exclusion criteria.
A total of 30 patients will be included.

2.3 Intervention

The intervention consists of the Greenhabit application, which is integrated with
a recently developed lifestyle monitoring system that provides objective feedback
on lifestyle change (Care-On). Greenhabit (GH) works on physical and mental
health in small steps. It uses various behaviour change models to help people
make healthy choices and develop new habits. In addition, it uses gamification,
making the process more enjoyable. Greenhabit consists of a 12-week journey,
during which participants select two main goals to work towards. They can open
a treasure chest that contains messages, challenges, or measurements on a daily
basis. One of the daily measurements is the reflection of how their day was, and
it consists of five elements (exercise, healthy diet, social environment, positive
thinking, and relaxation).
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Patients will also have access to the lifestyle monitoring system, where they
can answer questions through a chatbot about their food, sleep, and stress. In
addition, they will be instructed to use a wearable device (watch) as much as
possible (at least 12 hours per day), from the moment they have access to the
lifestyle monitoring system. This wearable will collect step data.

The intervention will last in total 12 weeks. During these weeks, patients will
receive messages and challenges from the Greenhabit app, which will be tailored
to their goals. Moreover, every week they will receive a set of exercises. These
exercises will be included in a printed exercise booklet created specifically for
use in this study.

2.4 Measurements and Data Collection

Baseline assessment The baseline assessment (questionnaires and measure-
ments) will be performed prior to the lifestyle intervention. The questionnaires
cover the following categories: lifestyle behaviour; prior experience with technol-
ogy assessments; determinants of adherence assessments. Moreover, Greenhabit
has its own set of questions as a baseline assessment for its algorithm, in or-
der to provide personalised information and challenges. These questions will be
repeated every 28 days. In total, 3 times for the 12-week period.

Trimester assessment The trimester lifestyle assessments (questionnaires and
measurements) will be performed at 3 and 6 months after the start of the lifestyle
intervention.

Daily lifestyle measurements Daily lifestyle measurements will be collected
using the lifestyle monitoring system.The wrist-worn device will be worn daily (at
least 12 hours per day) for three months (after baseline assessment). The chatbot
will be activated and will be available for optional use over a three-month period
(after baseline assessment). Moreover, on a daily basis, the lifestyle app provides
the five-element measurement. This measurement is a reflection of how their day
was, and it consists of five elements (exercise, healthy diet, social environment,
positive thinking, relaxation).

Evaluation The primary endpoint evaluation (including an interview) will be
performed 3 months after the beginning of the lifestyle intervention. Evalua-
tions of the secondary endpoints will be performed at 3 and 6 months after the
beginning of the lifestyle intervention.

3 Conclusion

This ongoing study aims to evaluate the feasibility of a gamified lifestyle change
intervention for patients with atrial fibrillation scheduled for catheter ablation.
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The next steps involve the commencement of the clinical trial, patient enroll-
ment, and data collection. These steps are crucial for assessing the practicality
of implementing the intervention and its acceptance by patients. The findings
of this study will offer valuable insights into adherence and user experience,
contributing to the broader understanding of gamified lifestyle interventions in
clinical settings. Future work will focus on analyzing the collected data and
reporting the results.
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Abstract. Efficiently gathering relevant patient information before a
medical visit can enhance diagnosis, streamline consultations, and im-
prove patient care. Traditional methods rely on in-person questioning,
which can be time-consuming, inconsistent, and prone to biases. This
study explores an Al-powered pre-visit system designed to collect the
information doctors typically ask for during consultations,enabling a
more structured and efficient diagnostic process. The system features an
Al-driven questionnaire that dynamically adapts to patient responses
using Natural Language Models and Retrieval-Augmented Generation
(RAG). Additionally, an interactive 3D body representation tool allows
patients to visually indicate symptoms, improving communication and
anatomical precision. By generating structured pre-visit reports, the
system provides physicians with key insights before consultations, allow-
ing them to focus on diagnosis and treatment rather than information
gathering. This Al-driven approach aims to reduce consultation time,
enhance diagnostic accuracy, and improve doctor-patient communication,
ultimately improving patient outcomes.

Keywords: Al in Healthcare - Pre-Visit Tools - Patient-Centered Care -
Digital Health Tools

1 Introduction

Accurate medical history-taking is widely recognized as one of the most powerful
and versatile tools in a physician’s diagnostic process. [1] Studies estimate that
nearly 70 percent of diagnoses for certain diseases are based solely on information
gathered during the patient interview. [2] Given this critical role, enhancing how
patient histories are collected has the potential to significantly improve both
clinical efficiency and diagnostic accuracy. Research shows that implementing
structured pre-visit questionnaires can support more thorough history-taking
and reduce the time physicians spend on data collection during appointments.
[3] These tools have also been associated with improved communication; patients
who believed their clinicians reviewed their responses reported higher levels
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of shared decision-making and overall satisfaction with care. [4] Additionally,
automated history-taking tools can help alleviate the documentation burden on
healthcare professionals, allowing them to focus more on clinical reasoning and
patient interaction. [5, 6]

Building on this, the principles of patient-centered care (PCC) emphasize
active patient involvement, shared decision-making, and effective communica-
tion—all of which are enhanced when patients are engaged prior to their con-
sultation. [7,8] PCC encourages a shift from physician-led decision-making to a
more collaborative approach, where patients contribute essential context about
their symptoms, medical history, and lifestyle. Pre-visit tools support this model
by enabling patients to reflect on and communicate their concerns in a structured
manner ahead of time. [9] This preparatory step helps create more focused and
efficient consultations, empowering clinicians to interpret data more effectively
and respond to individual patient needs. [9]

Recent advances in artificial intelligence, particularly the development of Large
Language Models (LLMs), have opened new possibilities for enhancing the way
pre-visit data is collected and interpreted. These models are capable of processing
vast amounts of complex medical information, including symptoms, diseases,
and treatment options, allowing them to understand and generate context-aware
medical content. [10] One such application is the use of Al-powered systems for
pre-visit assessments, where LLMs dynamically adapt to patient responses and
generate clinically relevant questions in real time. [11] Chatbots based on this
technology can assist from the earliest stages of consultation by engaging patients
in preliminary assessments and delivering structured, relevant data to clinicians
to support diagnosis and treatment planning. [11]

In this study, we propose a creative and engaging web-based system for col-
lecting patients’ medical histories prior to doctor visits. Our goal is to reimagine
the pre-consultation experience by developing a platform that not only gathers
essential clinical information, but also promotes patient engagement through
an intuitive and interactive interface. The system integrates adaptive Al-driven
questionnaires powered by LLMs with a 3D body model that allows patients to
visually indicate symptoms, enriching the context and clarity of the information
provided. By generating structured pre-visit reports, this solution aims to stream-
line the diagnostic process, improve communication, and ultimately contribute
to more accurate and patient-centered clinical encounters.

2 Related Works

In the evolving landscape of Al-assisted healthcare, several systems have been
developed to enhance patient-provider interactions. Here’s a comparative overview
highlighting how this project distinguishes itself from existing solutions:

34



AI-Driven Pre-Visit Tool

System Focus Methodology Limitations

Talk2Care [12] Facilitates asynchronous|Utilizes LLM-{Primarily  targets older
communication between|powered voice|ladults; lacks structured
older adults and health-assistants for patients|clinical —frameworks like
care providers. and dashboards for|SOCRATES; limited to

providers.

asynchronous settings.

Dr. AL [13]

Conducts pre-visit pa-
tient interviews and
drafts clinical notes.

Leverages generative
Al to create differq
ential diagnoses and

Focuses on note generation;
lacks interactive symptom lo-
calization tools; does not em-

clinical notes. phasize structured question-

ing.

Bayesian LLM Frame-{Enhances history-taking|Integrates LLMs|Tailored for recurrent condi-
work [14] for recurrent medical con{within a Bayesian|tions; may not address acute
ditions. framework for it{or diverse medical scenarios;
erative diagnostic|lacks real-time patient inter-

refinement. action tools.
Chatbot-Based Pre-visit symptom|Employs chatbot|Limited to specific condi-
Symptom  Checker|screening, notably for|interfaces to collect|tions; lacks integration with
[15] COVID-19. symptom data beforeladvanced AI models; does

consultations. not provide dynamic follow-|
up questioning.
German Outpatient|Structured medical his-{Uses tablet-based|Relies on static question-

naires; lacks Al-driven adapt-|
patients through|ability; does not include vi-
history-taking. sual symptom mapping.
Table 1. Comparison of various Al-driven healthcare systems

tory documentation in
outpatient settings.

Documentation Sys- workflows to guide

tem [16]

In contrast to existing projects, our proposed RAG-based system, which is
still a work in progress, combines Retrieval-Augmented Generation (RAG) with
LLMs to create a highly adaptive and personalized medical history collection
process. By leveraging past patient data from a secure database, it generates
dynamic, context-aware follow-up questions and provides real-time, interactive
symptom localization through a 3D model. This system addresses the limitations
of existing approaches by integrating structured frameworks like SOCRATES
and offering real-time, personalized engagement, making it more comprehensive
and interactive than the alternatives outlined in the table.

3 Methodology

This section outlines the technical and design methods used in developing an Al-
powered medical history collection system. The goal is to create an adaptive, user-
friendly platform that collects comprehensive patient information before a clinical
consultation. The methodology is divided into five key components: questionnaire
development and Al integration, 3D body representation, user interface design,
Retrieval-Augmented Generation (RAG) and Database Integration, and data
collection and reporting. Each component contributes to improving the accuracy,
clarity, and completeness of the medical history while reducing the time and
cognitive load on both patients and healthcare providers.
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Fig. 1. System architecture showing the interaction between components.
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3.1 Questionnaire Development and AI Integration

The system’s questionnaire is developed based on clinically validated resources and
established medical literature that guide history-taking in professional practice.
[17] These questions are aligned with the formats typically used by healthcare
providers during consultations and adhere to widely recognized protocols for
comprehensive medical interviews. The content covers essential areas such as the
patient’s current complaints, past medical history, ongoing treatments, general
health, lifestyle factors, and family medical background.

To operationalize this within the system, the questionnaire is deployed through
an Al-driven interface that leverages a Large Language Model (LLM) to en-
hance adaptability and relevance. Patient responses dynamically influence the
progression of questions, enabling real-time generation of personalized follow-ups.
Furthermore, the SOCRATES framework is integrated into the symptom analysis
process to ensure a structured, clinically grounded evaluation of patient-reported
complaints.

3.2 3D Body Representation

To facilitate more accurate symptom description, the system includes an interac-
tive 3D model of the human body. Patients can use this model to visually indicate
the exact location of pain or discomfort. This spatial input enhances the clarity
of patient-reported symptoms and minimizes potential miscommunication. The
3D model is built using open-source libraries such as Three.js or Babylon.js, and
it integrates directly into the web application interface. The system encodes and
stores the spatial information as part of the structured health data for physician
review.

3.3 Retrieval-Augmented Generation (RAG) and Database
Integration

To further enhance the accuracy and personalization of the medical history
collection system, Retrieval-Augmented Generation (RAG) is integrated with
a database of patient medical records. This methodology allows the system to
both retrieve relevant past data and generate contextually aware responses or
follow-up questions, resulting in a more tailored and efficient user experience.

3.3.1 Patient Data Storage and Retrieval The system stores patient
medical data securely in a relational or NoSQL database. This data includes:

— Personal details (age, gender, etc.)

Medical history (previous conditions, treatments, surgeries)
Symptoms and diagnoses

— Medications and prescriptions

Responses to previous questionnaire entries
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By using a retrieval system the AI model can quickly access and retrieve
relevant data based on patient inputs. For example, if a patient mentions ex-
periencing symptoms similar to a past condition, the system can automatically
retrieve and reference previous relevant data from the database.

3.3.2 Contextual Question Generation Once relevant data is retrieved,
the Large Language Model (LLM) is used to generate follow-up questions. This
ensures that the system remains contextually aware of the patient’s history,
allowing for more precise symptom analysis. For example, if a patient previously
had a heart condition, the system may ask targeted follow-up questions such as,
“Given your history of hypertension, have you noticed any changes in your blood
pressure?”’

This process of combining information retrieval with generative Al ensures
that the system’s questions are relevant, timely, and specific to the patient’s
unique medical background.

3.3.3 Continuous Memory and Update As patients complete their ques-
tionnaires and update their medical history, the system automatically updates
the database with new responses, treatment changes, or any additional relevant
information. This allows the AI model to “remember” and reference the patient’s
evolving medical profile, ensuring that future interactions build upon the most
up-to-date information.

The memory system allows the Al to adapt to changes in a patient’s con-
dition, reducing repetitive questioning and enhancing the overall consultation
efficiency. This also helps streamline diagnosis and treatment planning by pro-
viding healthcare providers with a comprehensive view of the patient’s ongoing
health journey.

3.4 User Interface Design

The system is delivered through a web-based interface that prioritizes accessibility,
usability, and intuitive navigation. The interface is designed following Human-
Centered Design (HCD) principles.

3.5 Data Collection and Reporting

After completing the questionnaire, the system automatically generates a struc-
tured report summarizing the patient’s medical history. This report includes both
text-based answers and annotated visual data from the 3D body representation.
The report is delivered to the physician in advance of the consultation, allowing
for informed pre-assessment and efficient diagnostic conversations. This struc-
tured and integrated approach improves data accuracy and helps streamline the
clinical workflow.
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4 Expected Outcomes

4.1 Improved Medical Histories

The Al-driven system will provide doctors with comprehensive, unbiased, and
consistent medical histories, reducing the likelihood of diagnostic errors.

4.2 Reducing Confirmation Bias

Al-driven pre-visit tools reduce confirmation bias by generating follow-up ques-
tions based on patient input rather than physician expectations. This ensures a
more objective and comprehensive data collection process, minimizing diagnostic
tunnel vision.

4.3 Patient-Signed Medical Histories

Allowing patients to self-complete and sign off on their medical history increases
accuracy and accountability. Unlike physicians, who may overlook or deprioritize
certain details, patients can ensure all relevant symptoms and concerns are
documented.

4.4 Enhanced Symptom Communication

The inclusion of the 3D body representation allows patients to visually indicate the
areas of discomfort, improving their ability to communicate symptoms accurately.

4.5 Enhanced Patient Experience

Patients will be able to provide their medical information in a less stressful
environment, improving the accuracy and completeness of their responses. The
interactive 3D tool will also make the process more engaging and easier for
patients to use.

4.6 Efficiency in Healthcare Delivery

Doctors will save time during consultations by receiving pre-compiled, detailed
medical histories, along with visual representations of the patient’s symptoms,
allowing them to focus on diagnosis and treatment.

5 Conclusion

The proposed Al-powered medical history collection system, combined with a 3D
body representation, represents a significant advancement in healthcare delivery.
By reducing biases, improving data accuracy, and streamlining the diagnostic
process, this system has the potential to enhance patient outcomes and increase

39



A. Gholami et al.

efficiency in medical consultations. The 3D tool offers an additional layer of
precision, allowing patients to visually communicate their issues, which reduces
the chance of misinterpretation.

Moreover, the integration of Retrieval-Augmented Generation (RAG) and a
structured patient database introduces a form of contextual memory, enabling the
system to generate dynamic, personalized follow-up questions based on previously
recorded information. This memory-driven interaction supports continuity of
care, minimizes redundant questioning, and allows for more informed, efficient
consultations. Overall, this project not only addresses current limitations in
medical history collection but also lays the foundation for more intelligent,
adaptive, and patient-centered Al solutions in future healthcare environments.

6 Acknowledgments

This work is supported by the STRAP consortium, a collaboration between three
leading universities with complementary expertise, two healthcare organizations,
and six innovative small- to medium-sized enterprises. The consortium aims to
drive technological innovation in healthcare. In partnership with the eScience
Center, STRAP focuses on developing big data solutions to improve the prevention
and diagnosis of heart disease. Their continued support and interdisciplinary
collaboration are essential to the progress of this research.

About Amirreza Gholami

Amirreza is currently pursuing an Engineering Doc-
torate (EngD) at Eindhoven University of Technol-
ogy, The Netherlands, with a focus on the applica-
tion of technology and AI in healthcare. He is an
active member of the STRAP consortium, working
on leveraging emerging technologies and artificial
intelligence for healthcare applications, all while
emphasizing human-centered design.

He holds a Master’s degree in Medical Infor-
matics with a specialization in applied AI. With a
background in software development and a strong
passion for both technology and healthcare, Amir-
reza’s work aims not only to enhance operational efficiency but also to improve
patient outcomes—making healthcare services more accessible, effective, and
personalized.

References

1. Tu T, Schaekermann M, Palepu A, Saab K, Freyberg J, Tanno R, et al. Towards
conversational diagnostic artificial intelligence. Nature. 2025:1-9.

40



10.

11.

12.

13.

14.

15.

16.

17.

AI-Driven Pre-Visit Tool

Roshan M, Rao A. A study on relative contributions of the history, physical
examination and investigations in making medical diagnosis. The Journal of the
Association of Physicians of India. 2000;48(8):771-5.

Gomez J, Mazzoleni M, Calugar A, Pol-Rodriguez M, Ko JM, Bailey EE. Opti-
mizing virtual visits and reducing inbox messages using a pre-visit questionnaire: a
quality improvement project. Journal of the American Academy of Dermatology.
2023;88(6):1363-4.

Wilson MM, Broglio K, Vergo MT, Barnato AE, Cullinan AM, Doherty JR, et al.
An electronic pre-visit agenda-setting questionnaire in ambulatory palliative care is
feasible and acceptable to patients, care partners, and clinicians: A mixed methods
evaluation. Palliative Medicine. 2025:02692163251321327.

Zhakhina G, Tapinova K, Kainazarov T, Kanabekova P. Pre-consultation history
taking systems and their impact on modern practices: Advantages and limitations.
Journal of Clinical Medicine of Kazakhstan. 2023;20(6):26-35.

Hauber R, Schirm M, Lukas M, Reitelbach C, Brenig J, Breunig M, et al. Computer-
assisted medical history taking prior to patient consultation in the outpatient care
setting: a prospective pilot project. BMC Health Services Research. 2024;24(1):1616.
Flach SD, McCoy KD, Vaughn TE, Ward MM, BootsMiller BJ, Doebbeling BN.
Does patient-centered care improve provision of preventive services? Journal of
general internal medicine. 2004;19(10):1019-26.

Ghabowen IK, Bhandari N. Concordance and patient-centered care in Medi-
caid enrollees’ care experience with providers. Journal of Patient Experience.
2021;8:23743735211034028.

Gholamzadeh M, Abtahi H, Ghazisaeeidi M. Applied techniques for putting pre-visit
planning in clinical practice to empower patient-centered care in the pandemic
era: a systematic review and framework suggestion. BMC health services research.
2021;21(1):458.

Yu Q, Jin M, Shu D, Zhang C, Fan L, Hua W, et al. Health-LLM: Personalized
Retrieval-Augmented Disease Prediction System. arXiv preprint arXiv:240200746.
2024.

Abbas SA, Yusifzada I, Athar S. Revolutionizing Medicine: Chatbots as Catalysts
for Improved Diagnosis, Treatment, and Patient Support. Cureus. 2025;17(3).
Yang Z, Xu X, Yao B, Rogers E, Zhang S, Intille S, et al. Talk2care: An llm-
based voice assistant for communication between healthcare providers and older
adults. Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous
Technologies. 2024;8(2):1-35.

Rutledge GW, Sivura A. A Generative Al-Based Virtual Physician Assistant. In:
Proceedings of the AAAI Symposium Series. vol. 3; 2024. p. 64-5.

Suraj T. A Bayesian framework for LLM-enhanced History-Taking in Recurrent Med-
ical Conditions to Improve Treatment Outcomes: An Empirical Evaluation. SSRN
Electronic Journal. 2025. Available from: https://ssrn.com/abstract=5160698.
Mahlknecht A, et al. A study of patient and physician attitudes in Italian general
practice. Journal of Medical Internet Research. 2023;25:€10476397. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/ PMC10476397/.

Hauber R, et al. Feasibility and perceived usefulness of a novel med-
ical history documentation system in a German cardiological outpatient
practice. Journal of Medical Systems. 2023;47:¢59617. Available from:
https://link.springer.com /article/10.1007 /s10916-023-59617.

Chatten K, Howe M, Marks G, Smith T, Tufton H, Sturrock A, et al.
Guide to History Taking and Examination; 2015. MBBS Year 4. Available

41



A. Gholami et al.

from: https://www.ucl.ac.uk/epidemiology-health-care/sites/epidemiology-health-
care/files /history-exam.pdf.

42



AI-Driven Conversational System for
Personalized Physical Rehabilitation in Diabetes
and Osteoarthritis Management

Aron Samuel Georgekutty! [0009—0006—0016—6467] " A 5rpout
Brombacher2[0000-0003—0271-6391] o1 4 Jun Hyl[0000-0003—27146264]
b

! Department of Industrial Design, Eindhoven University of Technology
2 Jheronimus Academy of Data Science
{a.s.georgekutty,a.c.brombacher, j.hu}@tue.nl

Abstract. The increasing prevalence of diabetes and osteoarthritis high-
lights the need for personalized and sustainable rehabilitation strategies.
This project explores using a conversational Al system to recommend
custom-made physical activities for patients to manage these conditions.
AT integrates real-time interactions with patients, their medical history,
and physiotherapist-guided rehabilitation plans to generate adaptive ac-
tivity recommendations. By collaborating with physiotherapy coaches,
the system ensures that the exercises are safe, effective, and aligned with
each patient’s progress. In addition, AI adapts recommendations based
on user feedback and physiological responses, enhancing engagement and
long-term adherence. The proposed approach uses Al-driven personaliza-
tion to improve rehabilitation outcomes, fostering a more dynamic and
patient-centric healthcare experience.

Keywords: Conversational Al - Rehabilitation - Diabetes - Osteoarthri-
tis - Personalized Healthcare

1 Introduction

The rise in chronic conditions such as diabetes and osteoarthritis demands inno-
vative and sustainable rehabilitation approaches. Diabetes mellitus affects more
than 537 million adults worldwide [1], while osteoarthritis is the leading cause
of disability in older adults [2]. Conventional rehabilitation methods often fail
due to limited personalization, inconsistent patient adherence, and lack of con-
tinuous monitoring. These gaps emphasize the need for intelligent, scalable, and
adaptable systems that empower patients to manage their health effectively.

Recent advances in artificial intelligence (AI) and natural language process-
ing (NLP) have enabled the development of conversational agents capable of
simulating human-like dialogue and decision-making. This paper presents a con-
versational Al system designed to offer dynamic rehabilitation plans tailored to
individual patient needs, thus improving clinical outcomes and patient satisfac-
tion.
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2 Related Work

The integration of Al into healthcare has grown significantly, especially in diag-
nostic support, predictive modeling, and robotic surgery. Chatbots like Woebot
[3] and Replika demonstrate the feasibility of Al in mental health support, while
tools such as Ada and Babylon Health provide symptoms checks and medical
triage through conversational interfaces.

In physical rehabilitation, AT applications have predominantly focused on gait
analysis, exercise classification using sensors, and remote monitoring through
wearables. However, the domain lacks real-time dialogue-based systems that en-
gage users in natural conversations to deliver and adjust rehabilitation plans.

— Conversational AT in Health Several systems, including Microsoft Health
Bot and Google Med-PaLM, showcase the ability of AI to understand medical
language and provide relevant information. However, their scope is limited
to general queries rather than personalized rehabilitation.

— AI for chronic disease management Personalized digital health inter-
ventions are effective in chronic disease management. For example, digital
diabetes coaching platforms (e.g., Omada Health [4]) help users monitor
blood glucose levels and lifestyle changes but typically lack the conversa-
tional aspect and real-time adaptability provided by the proposed system.

3 System Architecture

conversations retrieval Patient Data

L | =

Conversational Al
[ ] D conversations System integration
a

&

generation| adaptive
A

Activity I_:Ej'

Recommendations

Users

Rehabilitation Plan

feedback

Fig. 1. System architecture showing interaction between components.

The system comprises three primary components (see Fig. 1):

— Patient Interaction Interface: Enables bidirectional communication be-
tween the user and Al via voice or text.
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— Personalized Recommendation Engine: Processes patient data, medical
history, and Al-inferred insights to generate and adapt rehabilitation plans.

— Physiotherapist Collaboration Layer: Ensures medical validity and al-
lows clinicians to guide and adjust system recommendations.

3.1 Data Flow and Processing

Patient data, including demographics, diagnosis, previous medical records, and
real-time feedback, is used to generate activity recommendations. NLP models
interpret user input, while reinforcement learning techniques allow the system
to learn from user outcomes and improve recommendations over time.

3.2 Personalization Mechanism

Personalization is the core of the system. The profile of each patient includes
static information (for example, age, diagnosis, BMI) and dynamic input (e.g.,
pain levels, fatigue, and adherence to previous sessions). The system utilizes the
following:

— Rule-based filtering: For contraindications and medical red flags.

— Machine learning models: For clustering users based on similarity and
tailoring progression schedules.

— Feedback loops: Adjust plans based on verbal/non-verbal feedback and
performance metrics.

Additionally, it also enhances patient engagement using gamification elements
such as constant feedback and positive reinforcement are included to motivate
users. In addition, the conversational interface fosters a sense of companionship
and accountability.

3.3 Physiotherapist Integration
To ensure clinical safety, the system allows physiotherapists to:

— Approve or reject Al-generated plans.
— Provide inputs and constraints based on their professional judgment.
— Monitor user progress and intervene when necessary.

This hybrid Al-human approach ensures a balance between automation, Al gov-
ernance, and human expertise.

4 Current progress

A comprehensive Quality Function Deployment (QFD) analysis was conducted
to systematically identify and prioritize user requirements. These insights were
then translated into corresponding technical specifications to inform the selection
of the most suitable wearable device for data acquisition. Furthermore, a user
interface and user experience (UI/UX) prototype was developed using Figma,
incorporating interactive components aligned with the specific needs and pref-
erences of both patients and coaches as identified through the QFD process.
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5 Conclusion and Future Work

This paper presents an Al-driven conversational system that brings personaliza-
tion, engagement, and scalability to physical rehabilitation. Integrating Al with
expert human supervision addresses both medical safety and patient motivation.
Future developments will include integration with wearable devices for continu-
ous monitoring, real-world clinical trials to validate efficacy, expanded language
and cultural support, and enhanced emotional intelligence in Al to better re-
spond to patient mood and stress levels. This approach promises a significant
leap toward patient-centric adaptive healthcare models.
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Abstract. This pictorial describes an exploratory process of developing
chatbots. Throughout this project, several chatbots were made on the
data foundry platform with the goal of exploring the idea of embedding
AT, Rich Embodiment and Story/World Building into the experience of
talking to a chatbot. This is done through 3 provocative explorations,
each of which results in their own findings. Furthermore, for iteration
3 an interview is conducted on the ethical and cultural nature of using
CUTI’s for “Digital Resurrection” with the goal of figuring out if these
CUT’ are desirable. Creating various provoking explorations with auto-
ethnographic notes.

Keywords: Chatbot - ATl - More-than-human.

1 Introduction

This paper describes auto-ethnographic explorative research into several imple-
mentations of chatbots within the context of the course: Designing Conversa-
tional Experiences. This is done with the goal of exploring sociocultural implica-
tions of chatbot concepts that involve digital resurrection and high/low context
speech. Some of these socio-cultural implications are then elaborated upon and
reflected upon to more thoroughly understand them. Later in the investigation,
the implications of Iteration 3 are discussed with the participants, under the
pretense that they are experts in their own culture and their perceptions on
the topic. This is done within the context of the Industrial Design course: De-
signing Conversational Experiences. This course aims to teach students how to
use tools like large language models, scripts, and other tools as a means of de-
signing conversations and narratives. These techniques can then be applied to
various contexts within Human-Computer Interaction; Like reminiscence ther-
apy for dementia patients, immersive designs or creating digital companions of
loved ones.

2 Methods

Throughout this paper we will touch upon three different chatbot explorations
each of which comes with its own qualities and quirks. All of which will be
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introduced with a specific goal or context on which they elaborate and lay out
the related works. With the goal of getting a better gripe at creating thoughtful
chatbots with the final understanding what makes for a good or fun chatbot.
After introducing the context of the bots, the exploration will be described and
auto-ethnographically reflected upon. The process takes a studio approach to
research through design, as it allows for an exploratory process [19].

3 Exploration 1: Text-to-Tone

The first iteration of the chatbot that was made was the small talk simulator.
This chatbot adds tonality to a basic scripted chatbot. The idea behind this was
to create a chatbot that would not just ask questions and interpret responses
literally, but also had a basic understanding of the tonality with which a mes-
sage was delivered. This is based on differences between high- and low-context
cultures. Unlike low-context cultures, in high-context cultures, the meaning of
words is determined by more factors than the meaning of the words as it was
written in the dictionary [11]. Here, the expression and tonality of how the words
are expressed can give an entirely different twist to its meaning. To resolve con-
flicts like these, it is often recommended that a high-context culture speaker talk
more littoral and adapt to the low-context culture. But this seems to result in
low-context cultures dominating Conversational User Interfaces. This seems to
also be reflected by the literature on CUTI’s, as most literature on chatbots and
emotions is aimed at either recognizing underlaying emotions or embedding ex-
tra modalities like haptics or emoji to add some form of emotion to the messages
[9,10,16,18]. The STS (Small Talk Simulator) approaches this idea of adding
an additional modality differently, namely, through sonification. Whereas most
CUT’s tend to vocalize their messages with a human voice or text-to-speech en-
gine, the STS chatbot vocalizes itself through speech-like sounds. Most of what
this voice-like voice is saying is undecipherable. For me, this shifts the emphasis
from the words themselves to a focus on the tonality of the message, and not
its accent or pronunciation. Additionally, it costs way less processing power and
is more accessible. As it uses a generic Vocaloid rather than a TTS model that
is optimized for a single language/region. Users of the STS can select a tone of
their liking through the tone slider beneath the chatbox. This slider changes the
pitch of the voice synthesizer, adjusting the tone and delivery of the message.
This additional modality can make it easier to decipher the intended meaning
of a message, as it adds some extra information that is often lost when convert-
ing speech into text. The chatbot itself can also respond to different tones as
the tone is also expressed as a number between 2 and 0 with 0 being super sad
and 2 being very happy. Through some simple comparisons, the chatbot script
takes this tone value into account. And so, when the tone is above or below a
certain threshold the bot can deviate from the normal script and adapt to suit
the tone better, by for example asking if the chatter is feeling fine. After having
submitted the first iteration, some small edits were done to explain how the new
slider works in a fun and story building way; instead of using pop ups or a small
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explanation down with the slider, I decided to use storytelling to contextualize
the new feature.

Tone Expl‘\?ﬁign
€D e oy

Phew, | have equipped you with a brand new tone adjustment engine, now you might
finally be able to express yourself truly... Let's test it out, how are you doing today? Use 4 N
the slider to adjust your tone!

L) exploin the Stider
S’nespome Based on Lone

Are you sure you are feeling good? You don't sound too well...?

Tone

Sad L ] Cheerful

Fig. 1. Exploration 1

3.1 Reflection

Only two levels of Even though this iteration was created with the intention of
catering to more high culture contexts, I think it ends up being a little shallow of
an iteration as I come from a low-context culture myself. Although this iteration
did allow me to explore a different approach to the conversational user interface,
in hindsight I don’t think I personally understand what it entails to form a highly
contextual conversation. The idea behind this iteration might be well intended
and have some interesting elements, but I have also learned that it might not
actually be a good idea for Low-context cultures to pretend to participate in
a high-context conversation as this can result in miscommunications or can be
perceived as rude. Hence, I decided not to follow up with this iteration. This
iteration did, however, lay down the basis for further iterations as iteration 2
builds forward on the Vocaloid.
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4 Exploration 2: Voice-to-Tone

The second CUI exploration looked at how a CUI could be enriched by more im-
mersive world building, LLM involvement, and additionally investigated how
turn-taking could be tackled in a voice-to-text conversation. This was done
through the second iteration, the Anything Translator, which is a more human
voice-to-text chat interface.

4.1 Anything Translator

The anything translator builds forward on the idea of sonifying conversations,
but instead of making this chatbot represent another human, this iteration takes
a More-than-Human[5, 8, 17] twist to the chatbot by giving a voice to everyday
objects. Exploring the relations between humans and objects[15,12]. Whereas
previous research in More-than-Human conversations would up anthropomor-
phizing the objects talked with by making them speak like humans, this ex-
ploration embraces and doubles down on its More-than-Human Nature through
world-building. were enabled by a local LLM model pretending to talk like the
object in question and all messages are intentionally scrambled, making it impos-
sible to understand what it is saying. Embracing a more-than-human approach
to communication and giving agency to regular objects in the home in a sense
that does not particularly cater to humans.

Prompting & World-building The addition of the translation layer meant
that there was also a third agent involved in this conversation, namely a trans-
lator. This translator would not only ask questions such as "What object do you
want to talk to", but would also translate these scrambled messages to something
human legible. This essentially uses storytelling to make sense of this interaction.
This is also paired with the same vocaloid used by the Small Talk Simulator, pur-
posely uttering gibberish. Playing into the idea of: Chatters cannot directly talk
to their [object] because they do not speak the [object] language and therefore
need a translator. Using a consciously incompetent excuse for why the inter-
action is made like it is[7]. This translation layer, however, does not literally
translate what the object is saying, it merely pretends to be the object itself.
This is another example of using story building and contextualization to shape
a narrative around the designed objects intentionally creating a magic moment.
Using Story Telling and World Building to explain interactions and design can
give a playful twist to technology. In my own experience, new technologies tend
to take themselves too seriously. Ciancia et al.[4] describe how world building
can be used for "extrapolating the facts and extending them into a plausible
fiction". Essentially saying that a well-crafted narrative could help explain how
a new technology works, simplify interactions, and mask technical limitations,
without oversimplifying the principles behind the technology.
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More-than-Human Worldbuilding

Fig. 2. Exploration 2

Voice & Turn-taking The anything translator has another feature, namely
that instead of using a graphical chat interface, it uses a speech-to-text engine.
This allows the chatter to talk instead of having to type their messages. However,
this comes with one challenge: figuring out when the message is over and it is the
chatbots turn to talk. There are several ways to do this automatically, as whisper,
the speech-to-text engine can recognize longer periods of silence. But this can
still be confusing sometimes, as longer periods of silence may not necessarily
mean that it is the other turn to speak. There is research into how to handle
turn taking in VUT’s, using algorithms or tones to decide the turn taking between
AT and users in a conversation. A common problem in human-VUI interaction
is that speech overlaps too much, disrupting the flow of a conversation. This
often leaves the Al in control of the conversation, as it is the least able to adapt.
This is often the case because Al cannot always understand or sense contextual
signals. Allowing the user to control the flow of the conversation[14]. Hence, I
decided to build an interaction that implicitly creates turns. This was done by
using a hold-to-record mechanism that would only record your voice if the button
was held. When the button is let loose, the voice recording is sent to our STT
Api which transcribes the audio message and sends this back to the anything
translator so that this transcription can be sent to the LLM for a response.
The hold-to-record interaction is a simple yet clear way to record audio. And is
interesting as it leaves the user in control of turn taking, giving them time for
reflection between messages.
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4.2 Reflection

Of all Iterations, I enjoyed creating the second one the most, as it’s not as se-
rious as the other two and has the most exploratory nature. Whereas the other
iterations focus on addressing a problem, this iteration is a bit more open ended
and versatile as it allows you to talk with anything. This leaves for interesting
interactions and conversations on the most random object out there. This not
only allowed me to explore the creation of conversational user interfaces but
also allowed me to explore the idea of More-Than-Human conversations more
thoroughly. This iteration also played the most with World-Building as the in-
teraction would be explained by the interface itself.

5 Exploration 3: Voice-to-Voice and Ethics

This third exploration tries to extend the second exploration by looking at im-
plementing a full Voice-to-Voice interface, done within the context of intergener-
ational storytelling. This iteration explores not only the explorations on creating
a Voice-to-Voice interface, but also explores the discussion and ethics of using
an Al model to preserve memories or digitally reincarnate people. This is done
through our third iteration, the Heirloom Table.

5.1 Heirloom Table

Whereas the previous iterations investigated the general principle of chatbots
and experimented with more-than-human aspects, iteration 3 brought purpose
to the more-than-human chatbot; making it preserve and propagate stories in-
tergenerationally, through the perspective of a table. This came from the idea
that when someone close to us dies we often inherit physical heirlooms, but the
memories are often lost to the fade of time. Sometimes, inherited objects from
those who have passed can offer new insights into their lives, revealing aspects
we may not have known before. This can shift how we view them, enriching
our understanding and connection to their legacy. Iteration 3 was built together
with Adhityan Raja and Peter Schaefer and is built to embody Intergenerational
storytelling, by being able to listen to the stories of "things" and how they per-
ceive the humans around them and their surroundings. This non-human "thing"
perspective on the lives of these humans is quite intriguing as it might tell previ-
ously untold stories as perceived through a lens of an object, rather than another
human. We wanted to explore how such a perspective could be used in the con-
text of reminiscence by creating an interaction in which users can talk to the
table and reminisce about passed family members or previous owners, trying to
get them closer to loved ones they might not have known well.

Living forever & Rememberance The Heirloom Table interaction was quite
intriguing, because it felt like it was playing with the idea of digitally resurrect-
ing / preserving people. The idea of talking about people that no longer exist
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Intergenerational Storytelling

Fig. 3. Exploration 3

essentially keeps their spirit alive. The more-than-human aspect to preserving
these memories also seems to both resonate and contrast to western perspectives
on death. The western view on death emphasizes fear for the death and mourn-
ing those who passed, which is quite different to many cultures. In pop-culture,
for example science fiction novels, ai is often portrayed Al as a tool to "resur-
rect" or "preserve" the ideas and minds of the people we lost[2]. This concept
of digital resurrection is explored in the Black Mirror episode, Be Right Back.
However this is far from fiction there are several companies looking into digital
resurrection too; be it re;memory which uses Al to bring pictures back to life
with motion and voice[l], or Replika, an AI chatbot that was initially created
to mourn a lost friend|[13]. These examples seem to emphasize this anthropocen-
tric view on death in which life-after-death and preserving a legacy are deemed
more important than the natural cycles of life, Framing us humans as super-
natural. This idea of humans being super-natural rather than natural and the
idea of needing a legacy, enforces the idea that we should leave an imprint on the
world, for better or more often, for worse. From a more-than-human perspective
there is an ethical discussion to be had on this idea of digital resurrection or the
postmortem consumption of resources, do we still want to embody those who
passed, or do we honor their memories instead? The second of which aligns more
to the meso-American view on death, where those who passed are immortalized
through remembrance and honoring memories, symbolized by practices like Dia
de los Muertos. The Heirloom table aims to build further on this idea of remem-
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brance by offering a way to honor and memorize people without breaking this
circle of life. Contrary to more western approaches of using Al in digital res-
urrection, which focus more on preserving the person itself, in a super-natural
sense. The more-than-human "thing" perspective also relates to what someone
might be remembered for. Instead of sharing stories about the big achievements
in life and the personality of someone, the thing perspective can offer insights on
the often-forgotten day-to-day lives and smaller characteristics a person might
inhibit. Remembering someone by not only their achievements in life, but also
talking about someone’s habits and quirks, giving an up-close and personal per-
spective on someone’s life. Putting more emphasis, on the small things in life and
potentially shifting the need for a large legacy towards something more intimate.

Interviews Based on the concept laid out and the thoughts relayed above, I
did four interviews with colleagues from different cultural backgrounds (Greek,
Dutch, Indian, Iranian). In these semi-structured interviews, the project context
would be explained and afterwards we would discuss how death is dealt with in
their cultures. This would be followed up by questions on what they think of
digitally immortalizing people or memories on them. What was interesting about
these interviews is that most cultures, especially the ones which were mainly
influenced by a religion that believes in an afterlife, mostly felt like they wanted
to control how people perceived them, even after dying. The Dutch Participant,
indicating to be agnostic, mentioned that they were more scared for the death
because they did not believe in an afterlife.

Concerns: Interviewees mentioned that one of the main things they were con-
cerned about within 'Digitally Resurrection’. The reason was the fact that they
wanted to control how people perceived them after they passed. Participants ex-
pressed they would want their digital clone to talk about only certain topics to
certain people. Additionally, -3- of them mentioned they would rather not have
an Al talk on their behalf, as they would be concerned about hallucinations or
inaccurate representation leading the Al into ruining their close-one’s percep-
tion of them, even after they’re not alive anymore. 3 Participants expressed that
before any Al clone was made, they had given their consent. One participant
even compared it with organ donation, in which consent had to be given before
dying before such a procedure could take place.

Memories: All four participants also indicated that they care mainly about
memories they share with the deceased person, two of which indicated that they
would only want to remember people by their memories, not an Al pretend-
ing to be someone. For these two the Heirloom Table was certainly interesting,
however, participant 3 indicated that would not particularly care about a thing
perspective on a person. 3 participants also brought up many references to pop
culture, mentioning movies such as 'Transcendence’, 'Disney’s Coco’, ’Altered
Carbon’ and ’Love, Death and Robots’. Love, Death, and Robots made our
Greek participant even think about how they would want to be remembered.
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This participant also indicated that there was a weird dissonance in life between
striving for big achievements and being remembered for small quirks or events.

Improv Theater Explorations: Before integrating the idea of reminiscing
through a thing perspective into a prototype, we first tried out this interaction
through improv acting. This was done in a small session during class hours in
which we would invite other people to give us random objects and would define a
setting. These random objects were used in a scene in which one of the researchers
played the role of an older family member that would talk to another researcher
pretending on behalf of the table, talking like a companion and giving meaning
to the objects in a context. Later in the scene the older family member would
swap for a third researcher, which pretended to be a younger family member
that did not know the older family member well. The table and younger family
members would reminisce about the older family member by reflecting on the
purpose and memories related to the objects inherited from the older family
member. This improv session made us reflect on how such a conversation would
take place and its purpose. In this improv session we would use the external
objects more as props rather than entities on their own. Something we try to
change later by more thoroughly embedding the role of these objects, creating
an interaction in which the table and the object can also talk to each other
and embracing a “thing ecosystem” rather than a single all-knowing object. The
improv also conceptually validated our interaction as it would play out quite
well.

5.2 The Embodied Heirloom Table

Based on the insights gathered through our improv session, we built our third
iteration. This iteration would build forward on the turn-taking hold-to-record
framework that was created for iteration 2 but stripped out the various methods
of embodiment for a more generic TTS. This was done as a TTS would be more
supportive of the completely spoken interaction, making it easier to understand
what the table is saying, at the cost of some of the more-than-human aspects.

Prompting & Worldbuilding This iteration would also have more elaborate
scripting compared to previous generations, as we created 3-character backstory
on previous owners of the table. These backstories would entail the hobbies,
character traits, occupation, and interior of the house of these characters. At
first, the visual interface prompts what kind of table you want to talk to, resem-
bling the same introduction as the second iteration. But what sets this iteration
apart is that the visual chat interface now also prompts users to select the char-
acter they want to hear more about, changing the internal prompt accordingly,
allowing for different conversations. Sadly, in the script we created most of the
world-building was removed. From my own auto-ethnographic view, this meant
that the interaction lost some of its context and made it feel less immersive.
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Object Recognition

Izp,spord;na to presence

Fig. 4. Responding to in real life triggers

Iteration 3: Embodiment, Voice-to-Voice and Object Recognition: The
last iteration, iteration 3.5 tried to fill the shortcomings of the third iteration by
improving the embodiment of the prototype, turning the website into a complete
experience. Not only can the table speak and reminisce, but it is also able to
respond to the presence of objects through an NFC vicinity module. This module
can recognize tagged object and prompts the ai to respond to its presence once
a module is recognized. This was done with the intend of emphasizing the thing
ecosystem where objects can respond to one-another. Shifting the concept from
a smart table to a smart thing ecosystem. In which the table can talk on behalf
of other devices. For example, if a certain book carrying an NFC tag was placed
on the table, the table would be notified on the presence of this book and asked
to respond. Allowing it to talk about the book itself or how the book might
relate to a relevant story.

This iteration also improved the use of text-to-speech, whereas in iteration 3
the text-to-speech voice was very tinny, this iteration sounded uncanny. This was
done by migrating the text-to-speech algorithm from data-foundry to a locally
hosted one. Where previously the webpage would send a TTS request to data
foundry, now the text would be sent to an external raspberry pi hosting an
instance of Piper TTS over OOCSI. Whereas this TTS script does sound more
human-like, it has more difficulty with making natural sounding pauses.
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Fig. 5. Iteration 3.5: physical embodiment

Data Collection Because our main goal for the heirloom table was to cre-
ate an immersive chatbot experience to reminisce about those who passed. We
did not elaborate on the data collection aspect of the heirloom table and how
these stories might be collected over the lifespan of a table. Here, inspiration
can be drawn from the early versions of replika, which were trained on a digi-
tal inheritance of text messages or all this information left online after someone
passes away. However, these data lack the Thing perspective we require. It is
possible to prompt the AI to embed this thing perspective in its Responses, but
whether this works with an AT model based on data written mostly from a hu-
man perspective is another question. As in our explorations with the Heirloom
table, we noticed that the LLM we are using had trouble embedding the thing
perspective into its messages. It might be interesting for future work to investi-
gate training a large language model based on data creatively written from the
perspective of an object instead like the ’Everything Is Alive Podcast’ in which
actors pretend to tell the live stories of everyday objects[3]. The exploration of
more-than-human data collection creates an ethical discussion of how we treat
data collection from a privacy perspective. As more-than-human entities are not
considered legal entities, privacy legislation often focuses on networked devices.
Would a non-networked AI model that only processes data on device be allowed
to observe its surroundings, and if so, how would it notify the people around?
And what about the ethical concerns about the table passively recording its sur-
roundings? Additionally, objects like the Heirloom Table could be abused by law
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enforcement, imagine authorities interrogating a table about its owner. The Eu-
ropean Union has previously investigated Artificial Intelligence and Electronic
Personhood, which is the idea that AI’s and robots could be considered legal
entities, essentially giving them rights, obligations and duties too[6]. This could
change how privacy laws apply to these closed systems, possibly treating ob-
jects similarly to humans overhearing things, although they should state their
presence.

Reflection In the third iteration, we focused on the value of intergenerational
storytelling and tried doing so by creating a hands-free VUI. This meant that
most of our effort was put into getting a proper voice-to-voice interaction rather
than giving more shape or context to the conversation. This was nice for my
fellow researchers because this would allow them to use this iteration as a basis
for their own research. I used this as an excuse to explore the ethical implications
of Conversational User Interfaces as this would suit my personal development
better. The idea of intergenerational storytelling led me to further investigate
what such a technology could result into and how people might perceive these
technologies, hence instead of validating the CUI, I did several interviews. This
allowed me to discover new insights that can be considered for future research
into CUT’s to “digitally resurrect” people and allowed me to explore the ethical
boundaries of a more speculative project. In hindsight, the Heirloom table could
learn more from iteration 2, by embedding more world-building and imagina-
tion, the heirloom table could be a little more provoking. This reinforces the
importance of world building in the CUI

6 Discussion

Throughout all three explorations there are several takeaways; One of these is
that I personally think world-building is very important when building con-
versational user interfaces, as it allows you to contextualize the context of the
conversation, you are having with an LLM, and it seems to add a layer of person-
ality to these often stale and ’correct’ chatbots. Throughout all iterations, I have
played with this idea of world-building but have been a little too conservative
with applying this layer of personality. For future research, it might be interest-
ing to figure out if there also seems to be an upper limit to this world-building
aspect, making me curious if there is something as "Too much personality’. Ad-
ditionally, the form of the chatbots was played around with, and throughout all
iterations I experimented with different types of interaction: From Text-to-Tone
to Voice-to-Voice. What I noticed throughout all these iterations is that the
idea of completely anthropomorphizing these chatbots into human like agents,
certainly seems futuristic, but is not nearly as fun to interact with. I think this
mainly boils down to the high expectations we have for human-like objects, and
making something non-human is much more fun and surprising. In the future it
would be interesting if we would embrace the More-than-Human nature of these
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LLM and AI models more by straying away from regular Voice-to-Voice interac-
tion. Lastly the ethical explorations of the application of these AI models seems
rather interesting. Whereas most pop-culture and science fiction really portray
the idea of making humans last forever through AI. The interviews conducted
during this course indicate this future might not be desirable whatsoever, as
almost all the participants had some form of objection against this idea. This
was mainly because participants did not like the idea of the AI possibly altering
how people view them. This also questions how our society looks at “death” and

how we remember people.
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Abstract. Rapid urbanization and growing environmental concerns need
the development of effective tools for assessing and improving urban
health. This study explores an effective tool for evaluating a healthy
environment derived through eight key factors: low socioeconomic status
(SES), loneliness, a high level of stress, fewer years with a perceived state
of good health, a lack of green spaces, a high level of noise, a distance from
basic facilities, and population density. To assess current evaluation tools
and frameworks in terms of ease of use, cost, efficiency, and functionality,
a systematic study was carried out. Among 500 papers, 39 articles were
found using a comprehensive literature review that used Elicit and Google
Scholar The study has identified several methods, such as simulation
models, frameworks for policy assessment, and spatial analysis based
on GIS. Among the tools reviewed, HAUS (Health Appraisal for Urban
Systems) and the integrated framework by Gupta and Sethi demonstrate
the most balanced combination of coverage, usability, and practicality.
These findings contribute to urban design by offering evidence-based
guidance on selecting appropriate assessment instruments to support
healthier, more equitable cities. The usefulness of a healthy environment
assessment relies on its ability to provide accurate information for planning
and decision-making in urban development and policy.

Keywords: Healthy Built Environment - Urban Health Assessment -
Health Assessment Tools - Built Environment Framework.

1 Introduction

Urban residents’ health and well-being are significantly shaped by the built
environment. More and more research show that physical infrastructure, social
connectivity, environmental quality, and accessibility to basic services have a big
impact on health outcomes like life expectancy, stress levels, physical activity, and
mental health [18,32]. Therefore, evaluating the built environment’s effects on
health is crucial for informing evidence-based urban planning and public health
initiatives as well as for learning how cities encourage or hinder health. According
to [34], a healthy built environment can enhance the quality of life, lessen health

inequities, and build more resilient urban systems.
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However, reaching all of these goals is becoming more difficult due to the
fast urbanization of the world. By 2050, about 70% of the world’s population
is expected to reside in cities, up from the current 56% [34]. Unfair resource
allocation, overcrowding, poor air and noise pollution, a lack of green space, and
social isolation are some of the issues that cities are facing more and more, and they
are all associated with risks to one’s physical and mental well-being [30,32]. The
increasing complexity of urban systems necessitates the development of integrated
assessment instruments capable of assessing the health impacts of various built
environment elements. In order to facilitate cross-sector decision-making, these
tools must be able to measure, visualize, and compare a variety of health-related
factors [3].

Based on eight significant criteria—low socioeconomic status (SES), loneliness,
stress, fewer years of good perceived health, lack of green spaces (green poor),
noise pollution, distance to basic facilities, and population density (inhabitants
per m2)—this study aims to determine the best tool or framework for evaluating a
healthy built environment. This study evaluates a variety of assessment methods
and software, such as system dynamics models, Geographic Information Systems
(GIS), and policy evaluation frameworks, based on their usage, affordability,
efficacy, and ease of use. It does this by conducting a thorough literature review.
In the end, the study aims to identify the best tool for assessing and enhancing
urban health conditions in real planning and policy environments.

2 Methods

2.1 Databases and Search Strategy

To conduct a systematic literature assessment of healthy built environment
criteria, two major academic search engines were used: Elicit and Google Scholar.
Elicit is an artificial intelligence research assistant that finds and ranks academic
papers according to a specific research question. The research question ”Which
tool is optimal to assess a healthy built environment by the determinants of the
level of SES, loneliness, stress, years of good perceived health, green spaces, noise,
distance to basic facilities, and inhabitants per m2?” was used to generate initial
findings and identify relevant studies. Elicit also made it easier to categorize papers
by approach (e.g., review, modeling, empirical), topic relevance, and publication
year, thus simplifying the selection process. Google Scholar was used to conduct
a more comprehensive and flexible keyword-based search. Keyword combinations
utilized include ”healthy built environment”, ”assessment tools”, and ”urban
health assessment”. Filters were used to limit the search to peer-reviewed journal
articles, conference papers, and systematic reviews from 2020 to 2024.

2.2 Search Period

The literature review focused on articles published between January 2020 and
March 2024 to ensure the inclusion of recent developments and newer tools in
the evaluation of urban health.
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2.3 Criteria for Inclusion and Exclusion

The following inclusion and exclusion criteria have been developed to guarantee
the literature’s quality and relevance:
Criteria for Inclusion

— Research released from 2020 to 2024

— papers from scholarly conferences, reviews, or peer-reviewed journals

— research with a focus on evaluating healthy built environments

— research that uses or evaluates frameworks, software, or tools (e.g., Vensim,
Health Impact Assessment, GIS)

— publications in English

Criteria for Exclusion

— research unrelated to health in the urban or built environment

— papers that focus exclusively on clinical or individual health without
considering environmental factors

— non-scholarly sources (e.g., blog entries, news pieces, reports not subjected
to peer review)

— studies that do not provide methodological details about the frameworks or
tools employed

— publications in languages excluded from English

2.4 Research question

The research is going to answer the main question:

Which tool is most effective in assessing a healthy built
environment?

And the following sub-questions:

— What tools, software, or frameworks are currently available to assess healthy
built environments?

— What methodological strengths and weaknesses characterize these tools,
particularly with regard to data reliability, integration, and accuracy?

— How user-friendly, cost-effective, and accessible are these assessment tools for
practitioners such as urban planners and policymakers?

— Which tool or framework demonstrates the greatest effectiveness and
practicality in assessing healthy built environments?

— Which assessment tool is recommended for effectiveness and practicality and
in what ways can future studies improve these tools?

This research includes Systematic Reviews and Meta-Analyses (PRISMA)
guidelines in order to conduct a thorough and organized literature review.
The literature review was completed using the databases Google Scholar and
Al-assisted research tool Elicit, applying a defined set of keywords that are
directly linked to the primary research question. The keywords included ”Healthy
Built Environment,” ”Healthy Urban Planning,” ” Healthy Built Environment

65



G. Sabahifard and R. Bernhaupt

Assessment,” and ” Assessment Tools.” At first, 500 papers from both databases
were found using the search. The review was restricted to research published in
the last five years (2020-2025) and those that were available in full-text PDF
format in order to guarantee the findings’ currency and applicability. At this
early stage, no automation tools or duplication elimination techniques were used.
The titles and abstracts of these articles were then manually screened in order
to assess their applicability in light of the established inclusion and exclusion
criteria. Studies that specifically addressed frameworks, software, or techniques for
evaluating or assessing healthy built environments in urban areas were considered.
Further consideration was not given to papers that mainly dealt with health
literacy, medical or clinical reasons, certain building types (such as offices), food
conditions, transport, or traffic congestion. With the implementation of these
standards, 93 relevant papers were found and saved for full-text review and more
in-depth examination. The qualitative synthesis and comparative analysis of the
assessment instruments provided in the next sections of this report are based on
these investigations. The PRISMA flow diagram Figure 1, which describes the
identification, screening, and inclusion phases of this systematic review of the
literature, provides a comprehensive overview of the selection process.

Records removed before the
screening
Records identified from* Duplicae recarcs removed
Databases (n =500) Records marked as ineligible
by automation tools (n =0 )
Records removed for other
reasons (n=0)
Records screened Records excluded™
(n = 500) ‘ *| (=407 ‘
Reports sought for retrieval Reports not retrieved
(n=93) | n<s4)
Reports assessed for eligibilty Reports excluded
(n=39) No tool evaluation (n =16)
No practical metrics(n = 25)
Focus on users, not
tools(n=13)

Studies included in the review
(n=39)

Fig. 1: The PRISMA flow diagram

3 Results

This section presents the findings of the systematic literature review, which
evaluated 39 tools and frameworks. The review categorized tools by their scope,
evaluate their effectiveness, usability, and comprehensiveness.
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Table 1: Summary of Assessment Tools and Their Strengths/Limitations,1

Author Year |Country Type of tool Criteria assessed |Strengths/Limitations
Dragovi¢ et{2023 |International Parameter-based ‘Walkability (land |Strengths: Objective parameters,|
al. [13] Review models for|use, connectivity,|spatial accuracy, cross-model
walkability green space, slope,/comparison. Limitations:|
urban form) Focus on walkability only, lack
cost /user-friendliness discussion,
cultural/geographic limitations.
Gavalda, 2023 |Canada / Global|Sustainability & |Environment, Strengths: Comprehensive review,
Gibbs & Livability Indicator|health, mobility,|proposes hybrid KPI set (ISO
Eicker [17] Frameworks wellbeing, economy,+ Thriving Places), emphasizes
governance, systemic  thinking and serious
community resilience|gaming. Limitations: No direct tool
comparison/ranking.
Kang et al[2020 |Global (Review)|Street view imagery,|Visual exposure to|Strengths: High spatial coverage,
[22] deep learning|green space, sky,|scalable, cost-effective, replicable,
(DCNN), scene |streetscape features,|Limitations: Update frequency,
parsing urban form occlusion, spatial bias, deep learning
model opacity.
Tefera et al2023 |Global (focus on|Urban  greenspace|Environmental, Strengths: Quantify ecosystem
[38] US, AUS, EU) |decision support|economic, and |services, some are GIS-based,|
tools (e.g., i-Tree, GI|health benefits of|land many tools are public/free,
Valuation Toolkit) [trees and green|Limitations: Underrepresent health,
spaces require expertise, inconsistent
valuation methods.
Lynch et al|2020 |UK / Global Economic evaluation|Physical & mental|Strengths: Connect health with
[26] tools (QALY, HALY | health benefits from|economic value. Limitations:
CVM, TCM, DCE) |green/blue space use|Methods are heterogeneous; tools
lack integration; data is not always
comparable across studies.
Salavas  et|2020 |Greece /|CESBA MED |Sustainability Strengths: Open-access, pilot-tested,|
al. EU-wide multicriteria indicators across|uses KPIs and normalization,
assessment tool energy, environment,| Limitations: Data collection
mobility, social|demands, not directly benchmarked
inclusion, urban|against others.
form, economy, etc.
Lobaccaro (2021 |Europe Mesoscale & |Urban climate,|Strengths: Wide range of spatial
et al. [25] (multi-country) |microscale thermal|thermal comfort,|resolutions; validated in real cities|
models (e.g., WRF,|heat stress, UHI|Limitations: Some tools are
ENVI-met, UrbClim,|effects computationally demanding; focus is
RayMan) limited to the thermal environment.
Delpino-Chan2$22 |Global (Scoping|Digital platforms,|Citizens’ perception|Strengths: Scalable, participatory,
Pérez Review) PPGIS, VGI, audit|of built environment:|cost-effective. Limitations:
Albert [11] tools, perception |walkability, Methodological inconsistency,|
apps safety, aesthetics,|data bias, lack of integration between
accessibility tools.
Fonseca et[{2022 |Global GIS, Walk Score,|Walkability: land use|Strengths: Comprehensive overview;
al. [15] (systematic NEWS, NDVI, audit|mix, connectivity,|includes  both  objective  and
review) tools, entropy accessibility, safety,|subjective tools. Limitations:
slope, imageability |Lack of standardization, data
quality inconsistencies, and

underrepresentation in low-income

countries.
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Table 2: Summary of Assessment Tools and Their Strengths/Limitations,2

Author Year |Country Type of tool Criteria assessed |Strengths/Limitations
Vanak et al.[2023 |Canada City Ditty|Soundscape Strengths: User-centered, immersive,
(immersive planning, urban [easy for non-experts, raises sound
soundscape sound experience awareness. Limitations: Lack
sketchpad) acoustic modeling and integration
with other urban design software.
Moos et alf2022 |Germany GIS-based geospatial|Air/noise pollution,|Strengths: High spatial
[29] workflow + green access, NDVI,|precision, multi-criteria integration.,|
disaggregation socio-economic Limitations: Technically complex,
indicators, urban [needs strong data and expertise.
environmental
Jjustice
Lach et al|2022 |Canada Relational CW/|Community Strengths: Holistic, theory-informed,|
[23] framework wellbeing, recommends new participatory tools,|
(SPT-based), critical|participatory Limitations: Not fully developed
review of 7 tools engagement, tool yet; mainly conceptual.
built environment,
subjective/objective
indicators mobility.
Meng &|2022 |China (Global|11 environmental| Accessibility, Strengths: CPAT and EAPRS
‘Wang [28] Review) audit tools (EAPRS,|safety, play|are the most comprehensive; some
CPAT, etc.) value, aesthetics,|tools support non-experts; QUINPY
equipment, equity |is remote-data-based. Limitations:
Limited validity data; regional bias;
size bias in scoring.
Boschetto et{2022 |Italy GBC Quartieri| Environment, energy,|Strengths: Structured comparison
al. [4] & ITACA  Scala|governance, mobility,|using normalized scoring; real-world
Urbana economy, social|application. Limitations: ITACA is
inclusion complex; GBC underrepresents social
dimensions.
Gan et{2022 |Global (Review) DFC-EAT, VR,|Wayfinding, social|Strengths: Mixed-methods
al.[16] audit tools,|participation, insights;  principles for future
participatory walkability, tool development; identifies validated
methods neighborhood tools. Limitations: No head-to-head
accessibility comparison; context-dependence.
for people with
dementia
Eaton et|2023 |UK HAUS (Health|Air quality, green|Strengths: Integrative, Excel-based,|
al.[14] Appraisal of Urban|space, walkability,|accessible, validated with
Systems) housing, transport,|practitioners, includes cost-benefit
food, noise, climate|values. Limitations: Linear
risk, health & |modeling; evidence gaps for some
economic impacts outcomes.
Noél Racine|2022 |France CAPLA-Santé Stakeholder Strengths: Co-designed,
et al.[33] (Local HEPA policy|engagement, local|user-friendly, context-sensitive,
analysis tool) HEPA policies,jand policy-focused. Limitations:
intersectoral France-specific pilot, dependent on
collaboration, document availability, needs more
progress & |testing.
challenges
Neshan et al {2024 |USA Social Determinants|Housing, Strengths: Some tools (e.g. NLP,
[31] of Health (SDoH)|neighborhood, HLEP, MASQ) cover many domains;|
screening tools transportation, EHR integration; web-based tools
income, food |available. Limitations: Inconsistent
security, education,/domain coverage; lack of built
safety environment specificity; variable
implementation formats.
Debela et al {2021 |Global Scoping review of|A, nested models) |Health impacts in relation to climate

[12]

(multi-country)

35 tools (e.g., HIA,
CRA, V

adaptation and mitigation policies
(exposure, vulnerability, risk, cost)|
Strengths: Diverse range of tools;
integrates health into climate action;

supports both adaptation and
mitigation. Limitations: Tools
not compared for effectiveness;

limited data availability; low use in
low-income settings.
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Table 3: Summary of Assessment Tools and Their Strengths/Limitations,3

Author Year |[Country Type of tool Criteria assessed |Strengths/Limitations
Cwirlej 2021 |Poland Polish ICF Core Set|Environmental Strengths: Co-designed, validated,
Sozanska et for Older Adults barriers/facilitators |user-friendly, built on WHO ICF
al. [8] affecting health and |methodology. Limitations: Local
function (ICF-based:|adaptation not yet digitized; limited
tech, support, policy,|comparative data.
etc.)
Guo, Xia,/2024 |China Custom Custom Strengths: Validated framework,
Yu [19] NBE-OA-QoL NBE-OA-QoL strong statistical backing,
Questionnaire Questionnaire policy-oriented. Limitations:
Localized, no digital tool, not
benchmarked against other tools.
Treseder &(2023 |UK / USA Rating Tool +|Inclusivity, Strengths: Free, evidence-based,
Sgrensen & Biophilic Healing|self-directed healthy|interdisciplinary, accessible, and
Allucci Index behaviors, space [highly  adaptable. Limitations:
syntax, biophilic|Not statistically validated; needs
engagement, social|refinements for consistency and
connection broader adoption.
Dardiet et{2023 |France Health Impact|Air quality, noise,/Strengths: Comprehensive, flexible,
al. [9] Assessment (HIA) [road safety, mobility, trans-disciplinary, integrates
local development,|quantitative and qualitative
living environment |data. Limitations: Political
barriers, limited data accessibility,
methodological complexity.
Gupta &(2024 |India An integrated |8 determinants, 28|Strengths: Comprehensive,|
Sethi [20] framework sub-determinants, |SDG-aligned, multi-sectoral,|
combining EOL|and 112|promotes evidence-based planning,|
Index 2020, SEAR|indicators covering|Limitations: Data availability issues,|
HC NAT, and MPI |built/natural lack of standardization, resource
environment, health,|constraints.
tech
Vlot-van 2020 |Netherlands DIHASID (asset|Assets related to|Strengths: Inclusive design,
Anrooij et mapping tool) healthy nutrition,|co-developed with people with
al. [1] physical activity,|ID, asset-based, usable by
social support,/both  clients and professionals,
environment Limitations: Context-specific; not
yet internationally validated.
Kaiser et al[2023 |Germany Multilevel Health |Physical, mental,|Strengths: Holistic, model-based
[21] Model using 47|social, existential,japproach; 5-dimension framework;
instruments environmental structured quality appraisal of tools,
health Limitations: No single tool ranked;
less data on cost/accessibility.
Battisti et[{2022 |Italy MCDA + GIS-based|Accessibility, Strengths: Integrates subjective
al. [2] framework greenery, safety,/and objective data; participatory;
commerce, urban|replicable in  urban  planning,|
vitality, walkability,|Limitations: Requires technical
livability, exposure|expertise; social data may be subject
to noise to bias.
Civiere et al|2022 |Spain PEDRERA (GIS +|Energy performance,Strengths: Integrates spatial,
[6] Python) financial feasibility,|economic, and technical datal
social vulnerability |Limitations: Requires GIS/technical
skills; data dependency.
Guo, Xia,[2024 |China Custom Custom Strengths: Validated framework,
Yu [19] NBE-OA-QoL NBE-OA-QoL strong statistical backing,
Questionnaire Questionnaire policy-oriented. Limitations:|
Localized, no digital tool, not
benchmarked against other tools.
Liu et al|2023 |Australia HIA, ‘WELL|Walkability, Strengths: Multi-level focus; some
[24] Standard, BEAT,|greenery, inclusivity,|tools quantifiable (WELL), others
Audit Tool safety, access,|flexible (HIA); applicable across
air/light, physical|scales. Limitations: No tool fits
activity health precincts fully; high cost and

complexity vary.

69




G. Sabahifard and R. Bernhaupt

Table 4: Recent Assessment Tools and Their Strengths/Limitations,4

Author Year |Country Type of tool Criteria assessed |Strengths/Limitations
Tabatabaee [2021 |Iran MQAI — Walkability factors:|Strengths: Structured, flexible,
et al. [37] Measurement accessibility, safety,/applicable to a wide range of
Quality  Appraisal |comfort, pleasurably [tools, validated with expert input.|
Instrument Limitations: Focused on audits;
excludes tech-based tools.
Cranshaw & (2024 |International GIS-based Access to greenspace,| Strengths: Objective, spatial,
Haworth [7] assessment tools land use, walkability,|integrative. Allows mapping of health
food environment,|risks and exposures. Limitations:
area demographics |Inconsistent —methods, temporal
mismatches, scale issues (MAUP,
UGCoP).
Terzakis et{2022 |International Noise indicators|Cognitive Strengths: Standardized indicators
al. [39] (LAeq, Lden,|performance, sleep|(e.g., LAeq, Lden); supports
LAmax, etc.) disturbance, blood |long-term monitoring; strong links
pressure, annoyance |to health outcomes. Limitations:
Lack of frequency-based data;
inconsistencies in usage; no
indoor/outdoor correction factors.
Salgado et|2023 |Portugal Participatory Air quality, green|Strengths: Participatory,
al. [36] indicator selection|space, mobility,|consensus-based, locally adapted,
(Delphi +housing, noise,| methodologically rigorous.|
Interviews) climate change, SDG|Limitations: Not compared to
alignment other tools, limited scalability, local
data gaps.
Buttazzoni (2020 |International Smart city|Physical activity,|Strengths: Tech-driven, real-time
et al. [5] technologies (apps,/mental health, social|data, citizen-focused, equity-aware.|
wearables, IoT) capital, equity, SES,|Limitations: Limited evaluation
accessibility rigor; few long-term studies, weak
integration of equity dimensions.
Zhang et al|2023 |Japan Al-driven framework|Multisensory Strengths: Innovative, scalable,
[41] using NLP, BERT,|perception (visual,|combines text <+ image data,
FON, Google|auditory, olfactory),|real-time feedback. Limitations:
Reviews public satisfaction,|Reviewer bias, image inconsistency,
green-blue space use| NLP gaps for some terms.
Paglione et|{2024 |Italy A scoping review of|Walkability, mobility,|Strengths: Broad tool mobility,|
al. [35] walkability tools safety, amenities,|safety, amenities, health.|
health Limitations: No field-based
validation; mostly macro-level.
Woods et al 2022 |International PA-EPI  (Physical|45 good practice|Strengths: Evidence-based,
[40] (EU focus) Activity indicators across 15|cross-sectoral, policy-oriented,|
Environment Policy|domains (transport, enables benchmarking. Limitations:
Index) urban  governance, Needs piloting, no direct performance
funding, etc.) validation yet.
Dawidowicz (2022 |Poland GIS-based SFS|Access to PS,|Strengths: Automated,
Evaluation Tool greenery, transport, evidence-based, publicly sourced
Dudziniska recreation, data, local needs focus. Limitations:
[10] education, shopping,|Needs SDI/GIS expertise, excludes
safety, density,|indoor elements.
spatial order
Mabakukkaki2023 |Italy Urban Health Index|34 built environment|Strengths: Context-sensitive,
et al. [27] (PCA-based) indicators (access to|replicable, spatially detailed,
services, green space,| Limitations: No comparison
pollution, mobility,|with other tools, lacks indoor or

thermal comfort)

subjective validation.

70




Assessing Healthy Built Environments: Systematic Literature Review

3.1 Findings from the Literature Review

Main question: Which tool is most effective for assessing a healthy built
environment? None of the table’s tools can at the same time address all eight
criteria. However, a few tools stand out for providing integrated approaches and
covering several essential factors:

Table 5: Comparison of Selected Health and Environment Assessment Tools

Tool

Criteria

Strengths

Limitations

HAUS (Health Appraisal
for Urban Systems)

air quality, green space, walkability,
housing, transport, food, noise,
climate risk, health & economic
impact

Integrative, Excel-based,
practitioner-tested, includes
a cost-benefit analysis.

Linear modeling, some
outcome gaps.

the built and natural environment.

MCDA + GIS |accessibility, greenery, safety, noise,|Subjective + objective|Requires technical
Framework (Battisti|urban vitality, livability integration,  participatory,|expertise; some bias risk.
et al., 2022) [2] replicable.

Gupta & Sethi|covers all eight criteria and|SDG-aligned, multi-sectoral,|Data availability
Framework (2024)|twenty-eight sub-determinants [evidence-based. and standardization
[20] related to technology, health, and challenges.

These tools are among the most comprehensive and practical in assessing
multiple aspects of a healthy built environment.

And the following sub-questions:

‘What tools, software, or frameworks are currently available to assess
healthy built environments?

Table 6: Categorization of Healthy Built Environment Assessment Tools

Category

Tools

GIS-Based tools

Haworth’s GIS suite

MCDA + GIS, SFS Evaluation Tool, PEDRERA (GIS
+ Python), Moos et al. geospatial model, Cranshaw &

Audit
Frameworks

and Scoring

MQAI, CPAT, EAPRS, CESBA MED, ITACA

Health Impact Tools

HAUS, HIA, Urban Health Index, Polish ICF Core Set

Al and Smart Tech

Zhang et al. NLP + Al reviews, Buttazzoni et al. smart
wearables and IoT, City Ditty (soundscape mapping)

Participatory/Policy
Tools

CAPLA-Santé, DIHASID, PA-EPI, Delphi-based

indicators

What methodological strengths and weaknesses characterize these
tools, particularly with regard to data reliability, integration, and

accuracy?
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Table 7: Strengths and Weaknesses of Built Environment Assessment Tools

Strengths ‘Weaknesses

GIS tools (e.g., MCDA +Technical complexity (MCDA, GIS,
GIS, Moos et al.) offer|AI tools).

high spatial resolution,
and integration of social
and environmental
indicators.

HAUS and Urban Health|Limited standardization across tools
Index integrate multiple|(e.g., noise indicators, audit tools).

domains (health, green
space, transport, noise).

like Clty

Participatory tools|Local applicability: many tools are

CAPLA-Santé enhance|France, Italy, Poland).
inclusiveness and
contextual relevance.

Ditty and|only validated in one region (e.g.,

Al-based

insights.

(e.g., Zhang et al.)|tool fully integrates all 8 criteria.
offer real-time, scalable

frameworks|Incomplete criteria coverage: no

How user-friendly, cost-effective, and accessible are these assessment
tools for practitioners such as urban planners and policymakers?

Table 8: Accessibility Levels of Assessment Tools

A ccessibility Level

Description and Examples

Accessible &
User-Friendly

HAUS': Excel-based and used by urban planners.

City Ditty: A non-technical, sound-based tool for citizen
participation.

DIHASID: Inclusive, designed for use with people with intellectual
disabilities.

Moderately
Accessible

Audit tools like CPAT and EAPRS are designed for non-experts
but may require training.

GIS tools like SES and PEDRERA are effective but need spatial
analysis skills.

High-Barrier Tools

Thermal models (e.g., WRF, ENVI-met) and some AI tools require
advanced skills, computing power, or large datasets.
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‘Which tool or framework demonstrates the greatest effectiveness
and practicality in assessing healthy built environments?
Considering the tables:

— Effectiveness (Comprehensiveness): The Integrated Framework by Gupta and
Sethi, includes 112 indicators and 8 determinants. HAUS (health-economic
integration plus broad indicator coverage).

— Practicality (Usability + Policy Value): Once more, HAUS is significant.
cost-benefit analysis, Excel-based, and verified by actual users.Although they
are challenging, PA-EPI and HIA offer high policy relevance.

Which assessment tool is recommended for effectiveness and
practicality and in what ways can future studies improve these tools?

— The recommended tool is HAUS because of its harmony between thoroughness,
usability, and practical testing.

— The approach developed by Gupta and Sethi for systemic determinant
coverage and SDG alignment.

4 Conclusion

Tools and frameworks for evaluating healthy built environments have been
reviewed in this systematic literature review. 39 tools in all, covering a wide range
of methodology, were assessed, including participatory frameworks, Al-driven
systems, audit tools, and GIS-based platforms. While the Gupta and Sethi
framework had the most comprehensive coverage across determinants and was
in line with the Sustainable Development Goals (SDGs), the HAUS (Health
Appraisal for Urban Systems) tool was remarkable for its practical applicability
and integration of health and economic results. The results show that the
dimension, accessibility, usability, and technological needs of the technologies
available today differ greatly. While some tools have significant advantages like
high spatial precision and participative characteristics, others have disadvantages
like high technical obstacles lack of standardization, and regional restrictions.
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Towards Inclusive Gastronomy: How 3D Printing
Could Enable Allergen Free Dining*
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Abstract. Over 230M people worldwide suffer from food allergies, a
potentially life-threatening medical condition. While restaurants have
to provide allergen information, much can go wrong in the preparation
chain, leading to anxiety amongst allergic persons when eating out. 3D
printers can offer a controlled and secure environment for restaurant
kitchens to recreate dishes predefined by chefs for food-allergic guests.
We designed a prototype of a transparent and allergen-safe table-top
3D printer, and evaluated the viability of our prototype by reproducing
praline, which cannot be tasted by people with a tree nut allergy. A taste
test of the praline with non-allergic people and a focus group discussion
with people suffering from peanut and tree nut allergies were conducted,
which resulted in positive attitudes towards printing for food allergies.
We discuss how chefs could recreate parts of their dish with 3D printing,
and transparency in preparation to reduce the anxiety of food-allergic
guests.

Keywords: Inclusive Gastronomy - Food Allergies - Allergen Free Din-
ing - 3D Food Printing

1 Introduction

A food allergy affects physical and social well-being and will be more apparent
as the number of people with food allergies seems to increase [14,7,11,13]. In-
gesting a specific allergen can result in (severe) allergic reactions for individuals
sensitive to that allergen. For this reason, it is essential for food-allergic individ-
uals to know if their food is safe.

However, having access to information about allergens is sometimes more
complicated than it seems. When food-allergic people try to get safe food, they
can experience limited spontaneity, embarrassment, less choice, and exclusion
due to dietary restrictions [15]. Individuals can sometimes not consume foods
they could originally eat since food allergies can develop at different ages. As a
consequence, their diet can influence that they are not able to eat the same dishes
and experience the same taste sensations as the rest of their table companions.

* This paper was presented at EFOOD24 in Barcelona on Nov. 8, 2024.
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An additive manufacturing technique that can accommodate personalization and
customization is 3D food printing. A 3D food printer is designed specifically for
food fabrication by extruding edible materials layer-by-layer into 3D objects, as
in the more traditional plastic polymer printers [18,10]. By 3D extrusion-based
food printing, syringes are filled with printable material (for example, puree and
chocolate), and the technology is suitable for small batches [18]. We envision
the potential to use this technology for the dietary needs of food-allergic people
when dining out. We position our work at the cross-section of gastronomy, aller-
gies, and 3D printing and apply a combination of research through design [28§],
material driven design [12], and co-creation [9]. We believe that focusing on the
qualities of technology can help solve societal challenges. Hence, we design with
specific elements of 3D food printing (e.g., personalizing a dish and isolating the
printer to prevent cross-contamination) since we believe this can bring added
value for food-allergic guests. With the help of 3D food printers, we envision the
possibility of reducing the fear and stress of an allergic reaction while dining out
and including them in the dining experience by having the same taste experience
(without an allergen) as their table companions.

In this study, we developed praline and included a concept for 3D printing
the praline in a restaurant through an iterative, material-driven design process
involving a pastry chef. We evaluated our concept in a focus group with food-
allergic people and conducted a taste panel to evaluate the quality of our design.
Our results suggest that 3D food printing could potentially give food-allergic
guests a safe (new) taste experience that is currently much extra work for chefs
and anxiety full for food-allergic people.

1.1 Background

1.1.1 Food allergies A food allergy is a potentially life-threatening medi-
cal condition in which the immune system reacts to a harmless food protein
(an allergen) [14,23]. A severe allergic reaction can include symptoms such as
swelling (in the face/throat), vomiting, shortness of breath, and anaphylaxis [11,
23]. If someone accidentally ingests an allergen, they should immediately take
medication (antihistamine or/ epi-pen) and seek medical attention [7]. In the
Netherlands, 15-20% of the people have an allergic disease (hay fever, asthma,
eczema, and food allergy) [13]. Food allergy is a common health problem, and
the number of people with food allergies still seems to be increasing [13]. By
region, there are differences in what foods people are allergic to and to what ex-
tent [3]. Current treatment of food allergies consists mainly of a diet with strict
avoidance of specific allergens, wearing an epinephrine autoinjector (epi-pen),
and having an anaphylaxis action plan [7].

Due to memories of severe allergic reactions, some people with allergies are
treated for post-traumatic stress disorder (PTSD) [11]. Since their initial diagno-
sis, people have been vigilant and adjusted their lifestyles [7,23]. Hence, people
with food allergies try to prevent an allergic reaction by avoidance strategies,
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e.g., controlling the intake of allergens and reading food labels [7,15]. Conse-
quently, food allergy sufferers experience stress and need to make difficult food
decisions daily [7,11,23,15].

1.1.2 Food allergies in gastronomy At social gatherings, people tend to
have less control over food when it is not packed [23,15], which is particularly
challenging in restaurant settings. When dining out, a person with a food allergy
must always remain alert, ask questions about the ingredients used, and check if
the food is allergen free [16]. In restaurants, guaranteeing zero risk while eating
out is not a realistic or viable option for food-allergic people [17], but research
on restaurant staff’s perspectives, practices, and challenges could contribute to
improving the dining experiences of people with food allergies with the help of
technology [23].

1.1.3 Food design Extraordinary dining experiences can be designed through
the co-creation of different specializations. Van Doleweerd & Bruns Alonso’s [31]
research is a good illustration of co-design between designers, material scientists,
and chefs to combine expertise and multiple technologies in creating an inter-
active shape-changing food experience for a starred restaurant. Nevertheless,
co-creation within food design can also be used to understand and define terms.
Research by Palczak et al. [24] investigates the methodologies of chefs designing
sensory complexity in food. They collaborated with ten chefs to understand how
to master the sensory complexity that is perceived in the mouth by letting ten
chefs design three different levels of complexity.

Creative explorations within food design lead to innovative dishes, e.g., trans-
formative appetite [32] and shape-changing origami structures [30]. Digital
Gastronomy enhances traditional cuisine by allowing chefs to collaborate with
digital fabrication tools and hybrid recipes [22]. Additional research by Mizrahi
et al. [21] suggests that when combining computational technologies in the
kitchen with adaptive recipes from chefs, countless variations are possible for
“the same” dish, e.g., the 3D printed noodle soup can adjust the proportions in
broth, spices, and noodles to personalize the dish. 3D food printing addresses
social issues by creating (new) taste sensations and improving customer accep-
tance of alternative food, e.g., the company Novameat is a pioneer of 3D printed
plant-based meat analogs with their 3D printed vegan beef steak by designing
and experimenting with the internal structure, recipe, and appearance [33,8].
Additionally, research by Payne et al. [25] proposes that 3D printing can also
help with the psychology of insect acceptance by changing the aesthetics and
texture of food. Since insects convert organic waste into nutrient-rich protein,
this can help reduce food waste. However, change in texture can also greatly
influence variations of soft food for people who have difficulty swallowing by
creating, for example, 3D edible gels [27].
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We believe that 3D food printing can be applied to solve social issues for
food allergic people by creating safe food and similar taste sensations since this
area has not yet been explored with 3D food printing.

2 Methodology

A mixed methods approach is utilized in this study, and an allergy-friendly pra-
line for food-allergic guests is created by employing research through design, in
which we use material driven design and co-creation on developing artifacts (e.g.,
material vision) and prototypes (e.g., 3D printed praline). We generated knowl-
edge by evaluating the prototypes with a focus group and performing a taste test.

Participants of all phases were approached via mail, phone, or the researchers’
network. All participants gave informed consent, and the audio recordings from
the interviews were transcribed, pseudonymized, and analyzed using thematic
analysis [2]. The Ethical Review Board of the University approved this study.

2.1 Designing tree nut-friendly praline

The 3D printed praline is designed using the material driven design method of
Karana et al. [12] by following the four steps (1) Understanding the material,
(2) Creating materials experience vision, (3) Manifesting materials experience
patterns, and (4) Designing material /product concepts. First, we benchmarked
praline, explored the material via material tinkering, reflected, and observed a
pastry chef to understand the material. The observation was the starting point
of the co-creation with the pastry chef. In the second stage, we created the ma-
terial experience vision by connecting the chef’s vision with our 3D print vision
and reflected on the material’s purpose. Thirdly, we manifested the material’s
experience patterns by suggesting meaning to the material by exploring the key
features. The fourth stage was about explorative making and testing the different
aspects of the praline. We explored the taste and texture with the pastry chef,
and in parallel, we iterated with the integration of 3D printing in the shape of
the praline. Afterward, we proposed a future scenario for a table-top 3D printing
experience for food-allergic guests. For them, we envision a restaurant experience
without anxiety and enabling full participation in the dining experience.

2.2 Evaluation of prototypes

2.2.1 Focus group The focus group aimed to give an impression of the social
issues faced by people with food allergies, a non-dominant societal, to expose
their feelings and the challenges when eating out with a food allergy [6]. The
prototype of the table-top 3D food printer is used to explore the trust of food-
allergic guests in the feasibility of the solution, namely, having a 3D food printer
that provides a customized and personalized allergy-friendly version of the dish.
The study aims to understand their perspective on the proposed scenario. The
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sample size of the focus group consisted of 6 people with food allergies who had
experienced allergic reactions and were willing to share their experiences.

2.2.2 Taste test Participants were requested to speak aloud during the taste
test and describe their experience. Afterward, a semi-structured interview was
conducted. We selected 8 participants (students and employees of our depart-
ment) for the test, without taste panel training and no food allergies.

Participants were first introduced to the taste test by explaining what we
would do, the preparation of the praline, and all the ingredients used. First, par-
ticipants were given (A) the original control praline and asked to describe the
texture, taste experience, perception, and the criteria for the success of the pra-
line. Secondly, participants were given (B) the 3D printed praline to evaluate the
appearance and simultaneously taste (C) the developed praline with alternative
fillings to consider taste and texture.

3 Results

3.1 Design of tree nut-friendly praline

A praline is a chocolate filled with nutty caramel. It has been chosen as a use
case to create an alternative for people with a tree nut allergy, one of the most
frequently observed allergies causing anaphylaxis in the Netherlands [3]. Hence,
the material proposal is an allergen friendly 3D printed praline for someone with
a tree nut allergy. By integrating the material driven design method, we define
praline and explore how to design a substitute for food allergies.

3.1.1 Stage 1: Understanding the material Typically, with food, one can
become familiar with the material by consuming it. This was impossible since
one of the designers has a tree nut allergy, and the last time praline was eaten
was over 15 years ago. While the memories are still positive, the designer cannot
explain the taste further than creamy and soft.

3.1.1.1 Material benchmarking To our knowledge, no tree nut alternative
praline is on the market, ensuring no cross-contamination. Some chocolates are
tree nut- and peanut-free but do not contain praline filling. In contrast, there are
also chocolates offered with a nut-free praline filling, but where they cannot guar-
antee cross-contamination. Since we develop for people with tree nut allergies, it
is vital to develop an alternative that effectively eliminates cross-contamination
and imitates the appearance and flavor of a praline.

3.1.1.2 Tinkering with the material To understand the material, we started
with recipe selection by making two pralines of almonds (a tree nut the designer
is not allergic to) out of two different recipes simultaneously; this allowed us to
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perceive the importance of the proportions of the ingredients and the difference
in methods. Afterward, we chose the recipe to work with and explored three
substitutes based on the expected texture (carrot), oils (avocado), and taste
sensation (passion fruit). The material tinkering (fig 1.) resulted in control over
and a basic understanding of the material (then, and later, in discussion with
the chef).

3.1.1.3 Observation and Co-creation The co-creation started with an un-
structured observation and semi-structured interview. The session took place in
the chef’s natural working environment, and the chef showed the praline mak-
ing process and explained the step-by-step preparation and points of attention.
The observation also gave insights into the physical working environment and
machines used, and the opportunities for 3D printing for food allergies and sub-
stitute selection for tree nuts were discussed.

3.1.1.4 Lessons Learned The combination of insights from the different ac-
tivities shows a market for a tree nut-friendly 3D printed praline. However, the
chef explained that the focus needs to be on a replica since nut-free chocolates
are already on the market. Adding 3D printing gives opportunities that are not
possible with manual preparation, e.g., portion control and isolating preparation.
The chef informed us that if we wanted to recreate the praline, we needed to fo-
cus on a substitute similarly characterized as roasted nuts, e.g., carrot, avocado,
and passion fruit containing too much water activity.

3.1.2 Stage 2: Creating material experience vision The material will
allow food-allergic guests to experience a (new) taste sensation of a praline. The
praline is based on the chef’s original recipe and is personalized and customized
based on the given allergies. Because of the replica, the guest can participate in
the entire dining experience as the rest of the table. As a result, food-allergic
guests can eat out without stress and anxiety about an allergic reaction since
cross-contamination is considered by isolating the preparation using a 3D food
printer.

3.1.3 Stage 3: Manifesting material experience patterns Having coffee
becomes a spoiled moment when savoring a praline with it, e.g., a small bite after
dinner. During the restaurant experience, all persons at the table can choose from
an assortment of chocolates with different tastes and textures; the person with
a food allergy can choose which praline he wants to taste, and an alternative is
then transparently prepared and printed on the table. Another valuable feature
is communicating the filling inside by using the aesthetics of 3D printing.

3.1.4 Designed praline The initial taste test with the chef involved evaluat-
ing six samples for the filling (fig. 2) created by the designer, with ingredients
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Fig. 2. Co-creation praline making
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selected based on the chef’s recommendations. This approach allowed the chef
to concentrate on the taste and provide detailed feedback. The chef suggested
incorporating the chef’s caramel and increasing the salt content in the second
round to fit the original recipe. Additionally, the samples of the second batch
were created and processed through a cold grinder to release oil and get the
smooth texture of the praline filling. Ultimately, one substitute was selected for
its nut-like flavor and potential for further development. People with food aller-
gies are used to checking if they trust the food visually, and we included this
in the appearance of the alternative praline (fig. 3). We chose to communicate
the inside of the praline by triggering the user and enabling the breaking of the
printed praline, a common feature of chocolate bars, by recreating a breaking
edge. This enables food-allergic guests to analyze if they expect the praline filling
to be safe.

3.1.5 Designed table-top printer We believe 3D food printing could help by
providing transparency and feedback loops to reduce discomfort for food-allergic
people. The first dome (fig. 4) focuses on sharing the ingredient list since people
are used to reading food labels for packed food. No allergen pictograms were used
as there is no standardized way of implementing them [1], and not knowing the
meaning of the allergen pictograms could affect consumers’ usability. Therefore,
the first part consciously shows the filled syringes, and the kitchen is keen to
be transparent about the ingredients. In restaurants, it is not visible to guests
how much effort and precision chefs put into an allergen free dish, and therefore,
people with food allergies must rely on conversations they have had with the
waiter. Our design focuses on bringing the preparation to the table and showing
how allergen free alternative are prepared. A table-top 3D printer allows the
preparation to be partially brought to the table by printing the praline in front
of the guests. The allergen free version is printed and isolated from the rest, and
the prototype visually shows the effort against cross-contamination.

3.2 Evaluation of the viability of our prototype

3.2.1 Focus group The focus group consisted of 6 participants with at least
one food allergy. Research by Turner et al. [29] shows that the hierarchy of risks
and intensity of an allergic reaction is related to exposure to the allergen. Symp-
toms may vary from very mild (e.g., itchy mouth), subjective symptoms (e.g.,
abdominal discomfort), objective allergic reaction (mild to moderate symptoms),
and anaphylaxis (severe to life-threatening symptoms). Participants selected the
best categories that fit their situation (Table 1).

3.2.2 Customer insights on restaurant experience Participants were of
different ages when diagnosed with food allergies and had different experiences
with allergic reactions. Hence, they have diverse desires and aversions. One par-
ticipant had never experienced the taste of nuts and peanuts, and getting a new
taste experience seemed fascinating. In contrast, the smell of nuts was associated
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Fig. 3. Designed tree-nut friendly praline

Fig. 4. Designed table-top printer
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Table 1. Overview of Food allergies and symptoms, self-reported and based on Turner
et al. [29]

Very |Subjective|Objective| Anaphylaxis Severe Intolerances
minor anaphylaxis
P1|- tree nuts |- - - -
P2|- - - crustaceans, fish, |- raw
mollusks, tree nuts vegetables
P3|kiwi |- peanuts |- - lactose
P4|sesame|- - tree nuts peanuts lactose
P5|- - tree nuts, |- - fruit (pineapple,
- - peanuts |- - mango, kiwi)
P6|- - - - tree nuts |-

with danger, and she wondered if it tasted like the smell. Others also had an
aversion because they had been extremely sick of it several times. The aversion
was greater than the desire for food, for example, green-colored food (pistachio)
or pesto (with tree nuts).

Nevertheless, the appearance of food, color, texture, shape, and filling can be
complex when judging the contents of allergens. A participant reflected upon the
importance of knowing something is safe to eat, "They can print in the shape of
a tree nut, as long as I have the ingredients.". The participants also understood
there will always be a danger when dining. However, they thought a restaurant
would only use a 3D printer if they believed in the concept, and it is nice when
a restaurant takes extra steps regarding food allergies. Hence, it is also sufficient
if a waiter convincingly knows and says the dish does not contain (pea)nuts.

Participants expected 3D printing on the table to create a fancy dining expe-
rience. For them, it was valuable that everyone at the table was involved in the
printing experience. They wanted to know if their food was safe by, for example,
having an alternative shape, a different colored 3D printer, or serving everyone
the allergen-free alternative since the participants expected the table compan-
ions not to notice that the nuts were left out of the dish.

However, the workaround for handling the 3D printer and the experience
needs to be developed, e.g., how does the printer get on the table? Participants
were curious if the 3D printer was mentioned at the beginning of the restaurant
experience to show the restaurant’s vision on food allergies. Even if the printer
was only at dessert, mentioning it at the start or showing the printer influences
the atmosphere and the whole setting. Another participant wondered where the
restaurant fills the syringes, whether this part is an allergy-free part of the estab-
lishment, and how to deal with multiple allergies. Moreover, more exploration is
needed on how to integrate safely the 3D food printer for food allergies.
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3.3 Taste test

3.3.1 Praline A (original) Participants described Praline A as chocolate with
a hard chocolate shell filled with a firm, sticky-, cream/mouse filling with a
(hazel)nut taste. Some tasters also discussed the coarseness and texture of the
filling because some did not taste any chunks while others tasted small pieces of
nuts.

In the perception of praline, it is necessary to understand the distinction be-
tween the filling and the chocolate layer; the flavors should stand out and match
each other. Also, several participants mentioned that the filling should have
a nutty, sweet, and creamy taste. Overall, participants expected more from the
chocolates than a regular chocolate bar because they associate it with something
fancy belonging to a special occasion.

3.3.2 Pralines B & C The appearance of Praline B differs from the standard
assortment of chocolates. For some, it is an intriguing new shape, and the holes
sparked interest. Also, five participants mentioned that appearance has organic
characteristics, e.g., P2 compared it with the cross-section of a lettuce crop. For
some, the split invites breaking the chocolates for convenience, but P1 expected
two different taste experiences. However, the 3D print characteristics also give
associations, e.g., the rougher layers have a homemade impression rather than a
factory mold. In addition, the layers of texture can also be associated with the
expectation of a cookie inside. Also, one participant indicated that they found a
solid chocolate with a smooth exterior more satisfying for a praline.

After tasting Praline C, four participants could not describe the taste right
away, while others immediately tasted peanuts. All participants said they tasted
peanut(butter) and some named hints of caramel, salt, and cereal. However, the
filling was a new taste experience for most participants. Participants perceive
the texture as a slight grain, less creamy, very liquid, smooth, moist, and not
too slippery. Furthermore, P5 described it as a flavor explosion: chocolate has
a soft filling followed by a new kind of surprising flavor that is also very tasty.
The filling is overpowering and could be firmer to be more like praline.

After all, Praline B and C require more development to match Praline A’s
original expectations. For example, some believe the chocolate shells and filling
could be more balanced in hardness. In addition, participants wondered how the
3D print structure affected the taste since they only had a 3D printed prototype.
Some considered the taste experience remarkable, close, delicious, and unique.
P2 and P4 explained that they would not recognize the chocolate as a tree nut-
free alternative in a box of variations of praline, and they would not miss the
nuts because it was like eating nuts.
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4 Discussion

Inclusive Gastronomy aims to contribute to innovative dining experiences by
utilizing technologies to address and transform societal and complex challenges.
Central to this aspiration is the role of design, which serves as the connecting ele-
ment between different disciplines. By employing co-creation within food design,
there is the opportunity to understand different perspectives, facilitate collab-
orations, and inspire to push boundaries to solve societal issues. In this case,
Inclusive Gastronomy is about connecting the experiences of all involved diners
and ensuring that people with food allergies can eat out without discomfort. As
designers, we connected with the end users and got to know their perspectives:
a pastry chef, food-allergic guests, and people without food allergies. We worked
with them to design and analyze the prototypes through explorations and test-
ing. Based on this, we developed artifacts and prototypes that gave great insight
into the qualities that designing for food allergies must meet.

Previous research shows the integration of Digital Gastronomy [22] to go be-
yond traditional boundaries by enriching material interaction [4] with a variety
of representations, flavors, and structures using digital fabrication tools, hybrid
recipes [22] and mold-arrangement algorithms [34]. Interestingly, Inclusive Gas-
tronomy aims to support chefs in an allergen free alternative by creating a taste
experience that food-allergic people cannot experience.

When serving food to allergic people, it is crucial to anticipate, besides taste,
on the anxiety and stress around food. This resulted in a printed praline that
is safe for people with a tree nut allergy, and we envision that they can eat
the praline flavor (again) without fear of an allergic reaction and experience a
(new) taste without the allergen being present. Together with a pastry chef, an
alternative praline was developed. Different iterations were needed to choose a
suitable substitute with the right mouthfeel, texture, and taste characteristics.
All participants eventually tasted peanut (butter) during the taste test, but this
was not the exact taste we tried to recreate. However, experimenting with an
allergen free version of a tree nut filling can also provide new taste experiences.

The focus group shows that people with food allergies know there is always
a risk of an allergic reaction, but it is essential for participants that restaurants
think thoughtfully about the food they serve. Nowadays, some restaurants use
separate surfaces and materials for allergen-free meal preparation and allergy
training for their staff to reduce the risk of allergic reactions [26].

Our prototype shows a 3D food printer that provides a dining experience in
an isolated and safe environment without cross-contamination and transparent
preparation on the table. However, the current prototype does not yet fully clar-
ify the integrations of the 3D printer throughout the restaurant experience, and
consequently, the focus group exposed areas of concern. For instance, making
3D printing inclusive will require explorations involving the entire table in the
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experience without losing safety by dealing with different allergies and cleaning.

The 3D food printer for food allergies requires a tested business case to
demonstrate the potential and processes for allergy-safe 3D printing in restau-
rants. Preferably, the business case and design are developed in co-design with
multiple stakeholders. For example, involving chefs in addressing user interface
difficulties for chefs with little experience and time. In addition, Jayaprakash
et al. [10] research shows the need for digital platforms, e.g., for intuitive 3D
design possibilities and scalability. However, a source of uncertainty is the gap
indicated by the research of Meijers et al. [19] about the shift from exploring 3D
food printers’ technical features to developing gastronomic experiences to fur-
ther integrating 3D food printers in gastronomy and its acceptance. In current
restaurant kitchens, 3D food printers are not widely accepted by chefs because
they want to protect their traditional craft; e.g., research by Meijers et al. [19]
shows that 3D food printing can affect culture (traditions), and primarily 36-50
aged are reluctant to use the technology.

Besides, there are also still limitations to the technical features of 3D food
printing. For example, Derossi et al. [5] emphasize that more research is needed
to set up and control the 3D printer based on the type of food and the corre-
sponding print behavior. Also, the effect of processing variables on the quality
of 3D printed food (such as printability and viscosity) and post-processing (such
as cooking and frying) will require further research.

Unfortunately, during the study it was not yet possible to taste the 3D printed
structure, leaving the exciting aspect of the study unexamined. Although some
participants already called it special, very close, delicious, unique, and would not
miss the nuts, the designed chocolates need more development to be a copy of the
original. A question emerges as to whether food-allergic people can overcome an
aversion to food if they know it is safe. This question is based on the focus group
and the findings of Mirotti et al. [20], which suggest that immune-mediated food
aversion can alter food behavior and result in avoiding food containing allergens.
Future research should incorporate food aversions based on allergic reactions and
the influence on consumer acceptance of the 3D printed alternative allergen free
variant.

5 Conclusion

A vision towards Inclusive Gastronomy aimed at guests with food allergies is
demonstrated through the design of an allergen free praline bonbon, validated
with chefs, taste panels, and people with food allergies. This study has demon-
strated the potential of utilizing table-top 3D food printers for solving issues
regarding food allergies by using the qualities of a 3D food printer, e.g., isolated
preparation against cross-contamination. There are opportunities to replicate
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chef recipes for food-allergic people or even create new taste sensations and let
food-allergic guests experience the same taste as the rest of the table, but know-
ing that it was prepared safely will contribute to eating out without stress and
anxiety.
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Abstract. Recent advances in generative artificial intelligence (GenAlI)
and conversational user interfaces (CUIs) have led to the increasing in-
tegration of voice agents into everyday life. HCI research has started
to explore the design of voice agents that support practices which re-
quire sensory engagement and embodied knowledge, such as cooking
and gardening. While many such agents are designed to play the role
of a human-like guide or teacher, alternative approaches that adopt
non-human roles are less explored. In this study, we present MORI—a
voice agent that challenges anthropocentric interaction paradigms by em-
bodying non-human entities. MORI facilitates documenting the process
of bokashi composting through guided discussions on olfactory percep-
tion. Our research-through-design (RTD) approach, combining improvi-
sational theater techniques with lab studies, highlights challenges and
opportunities in designing voice agents that balance structured guidance
with conversational flexibility. Findings suggest that adopting a thing
perspective in CUIs might foster playful engagement and can encourage
more detailed sensory descriptions. This work contributes to expand-
ing the design space of conversational agents by exploring performative,
imaginative, and more-than-human interaction paradigms.

Keywords: Conversational agents - More-than-human - Artificial intel-
ligence - Composting.

1 Introduction

As advances in artificial intelligence (AI) accelerate the wider adoption of conver-
sational agents, there is a growing body of HCI research that adopts a human-
centered paradigm aiming for more human-like conversational user-interfaces
(CUIs). Simultaneously, alternative approaches have emerged within more-than-
human design, which argue for moving beyond anthropocentric interactions.
These approaches seek to decenter humans and pay equal attention to non-
human things, and organisms and how they all relate to each other [15]. Fur-
thermore, some research has begun to explore more-than-human perspectives
in conversational Al through making [10,9], speculative design [11], and other
thing-centered methods. However, current research does not sufficiently explore
the possibilities of designing and building more-than-human CUIs with current
generative Al technologies.

95



P. Schaefer et al.

To address this gap, we design a voice agent (VA) that challenges anthro-
pocentrism in conversational design. This VA, called MORI, is designed to sup-
port people learning the practice called bokashi composting focussing on mi-
crobial human-microbe interactions through the sense of smell. Working with
microbial fermentation in composting is believed to be beneficial for soil micro-
biomes. However, adopting such a practice requires an embodied understanding
of microbial activity, particularly through smelling. This kind of sensory and
embodied knowledge plays an important role in the way people learn, but is not
always considered in CUI design. We see an opportunity for a voice agent that
supports noticing scents and making sense of the microbial fermentation through
changes in scents. Like a similar device by Chen et al. [2], the VA is designed to
enhance human-microbe interactions by adding a semantic layer to an otherwise
embodied practice.

By developing voice agents that challenge human-centered interaction we aim to
create rich interactions that acknowledge both the human-like and fundamentally
non-human aspects of large language models (LLMs). Through making, testing
and deploying our designs we aim to learn more about the question: How can
current LLMs take the role of a non-human character to better guide sensory
exploration of composting materials?

Our research employs a research-through-design methodology that blends
playful lab testing with studio-based experimentation (improvisation and pro-
totyping). While our experiments demonstrate promising potential, our findings
highlight critical areas for improvement and exploration—particularly in achiev-
ing a more adaptive conversational flow and in leveraging the performative as-
pects of non-human agents.

2 Related Works

In this section, we situate our work within three intersecting research domains:
conversational user interface design, more-than-human design approaches, and
conversational probes as research methodologies. By examining these areas, we
establish the theoretical foundations and identify the specific gap our research
addresses.

2.1 Anthropomorphism in Voice Interfaces

Anthropomorphism has been a recurring theme in CUI research, as imbuing
systems with human-like qualities has been shown to facilitate user adoption.
Sayago et al. [12] observe that the inherently conversational nature of large
language models (LLMs) enhances interactions by aligning them with familiar
social conventions, thus easing the transition from human-to-human dialogue to
human-to-agent communication.

The motivations underlying human conversation have been categorically di-
vided into social and transactional purposes [3]. Both types of conversation share
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core attributes such as the establishment of mutual understanding and common
ground, trustworthiness, active listening, and humor. Al-based chatbots and
voice agents often rely on a request-response model, which prioritizes transac-
tional aspects of conversations over social ones. However, some companies such
as character.ai are experimenting with more emotional and relational Al agents.
The intimate relationships some users form with these agents roleplaying human
characters is raising ethical concerns. The interactions we explore in this paper
ailm to go beyond the limitations of the transactional conversation paradigm,
however, we do not propose them as replacements for human social interaction.

In conversation, an LLMs behavior can be described as role-playing and
constantly adopting a slightly different character derived from the diverse corpus
of its training data [13]. This perspective prompts a crucial design question,
especially for CUIs: What roles should these systems embody?

2.2 More-than-human Design and Thing Perspectives

Works in more-than-human design have challenged traditional paradigms of
human-centered interaction that dominate the development of conversational
user interfaces (CUIs). Rooted in posthumanist thought, this diverse field ar-
gues for the inclusion of non-human actors in design. Our work draws inspiration
from methodologies such as thing ethnography and thing interviews, alongside
animistic design, to envision CUIs that take non-human perspectives.

Thing ethnography, as described by Giaccardi et al. [5], involves studying the
everyday roles and behaviors of non-human entities within their environments.
They find that objects have unique temporalities and spatial relations: they
might experience time not as a continuous flow, but in event-driven cycles of
activity and inactivity. Chang et al. [1] and Reddy et al. [11] speculate that
objects relate to each other in networks that reveal hidden socio-material dy-
namics. Furthermore, Reddy et al. imagine things expressing their limited but
distinct viewpoints that stem from their materiality and place within a network
of objects. Chen et al.’s Nukabot [2| offers a practical example of conversational
interaction with non-human microbes. Inspired by animism, Nukabot is a device
that uses sensors and a voice interface to translate the fermentation of food,
adding an explicit layer of communication from microbes to humans.

2.3 Conversational Probes

Several studies employ chat-bots and voice agents as research probes to study
human behaviors in a specific environment. For example, Esau et al. explored
how using a voice agent (VA) could help people prevent food waste [4]. They
highlight that conversational interaction is particularly suited to working with
food because it can enhance people’s ability to use their sense of smell, touch,
and taste. Based on this approach, a VA could also be used to support embodied
sensemaking of microbial activities.
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Work by Tallyn et al. [14] and Kocielnik et al. [8] suggests that chat-based
prompting can improve people’s description of their first-person experiences,
nudging them to give more detail or focus on specific aspects. However, they
acknowledge the technical limitations of these chatbots and argue that conver-
sational probes need to be more open-ended and context-aware to be able to
adapt to different unexpected situations. Jaber et al. [6] argue that to assist
with activities such as cooking, VAs need better conversational strategies be-
cause even with a context-aware VA, people still tend to take on most of the
conversational labor.

3 Methods

Our inquiry into designing conversational agents from a more-than-human per-
spective employed a practice-based research-through-design (RTD) methodol-
ogy, combining iterative design exploration with structured evaluation. This
section details our methodological approach, including our improvisation-based
design process, prototype development, and lab study protocol.

3.1 Improvisation-Based Concept and Prototype Development

We incorporated improvisational theater techniques from the Designing Conver-
sational Experiences course at TU Eindhoven. After introductory improv ses-
sions, we conducted three structured sessions in which one researcher embodied
the voice agent while others interacted as users. These sessions highlighted as-
pects of the interaction such as that turn-taking required explicit signaling due to
absent visual cues. For the third session the setup included two plastic contain-
ers with bokashi compost samples at different stages of fermentation.Listening
back to the recording, the FA identified several elements that contributed to a
successful interviewer role: Expressing curiosity, valuing the participant’s per-
spective through verbal affirmations and paraphrasing.

These findings informed refinements to the interview structure (see figure 1),
which was then translated into a series of system prompts guiding the LLM’s
conversational behavior. The LLM was instructed to follow this structure while
retaining flexibility to generate improvised follow-up questions. In between im-
provisational and structured sessions, we developed increasingly refined proto-
types, beginning with text-based versions to experiment with prompting tech-
niques before creating the final voice-based system. Internal testing identified
and addressed issues in speech recognition, response timing, and conversational
flow.

3.2 Lab Study with MORI

We evaluated the MORI prototype with four participants (P1-P4), all EngD or
PhD candidates from Eindhoven University of Technology. The setup included
the MORI prototype in its stone-inspired casing and two sealed containers with
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“WELCOME TO THIS GUIDED SMELLING EXPERIMENT!", 4
OPENIN ESTIONS

“NOW PLEASE TAKE THE FIRST SAMPLE, OPEN
IT, SMELL, AND DESCRIBE THE SCENTS .."

PARAPHRASING OBSERVATION "rr“.l.ulu...
CLARIFYING QUESTION
“LET'S MOVE ON TO THE NEXT )
SAMPLE. PLEASE REPEAT .."

mmm,
G, NOTICING THEMES,
ECKING
REACTION
WRAPPING UP, FINAL QUESTION REACTION

Fig. 1: Diagram of the designed conversation flow

bokashi compost samples (Figures 3a and 3b). Participants were instructed only
that they would converse with an Al-enabled voice assistant guiding them to
smell and describe compost samples. We deliberately omitted mentioning the
stone character to observe natural engagement with the system’s non-human
identity.

Data collection included audio recordings, researcher field notes, post-interaction
interviews, and system logs. Analysis employed a mixed-method approach with
(1) verbatim transcription of all recording, (2) open coding to identify emergent
patterns, and (3) focused coding addressing our research question. This approach
revealed both practical implementation challenges and conceptual implications
for designing non-human conversational agents.

Fig. 2: MORI prototype casing
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4 MORI: Making Sense of Composting Smells with a
Conversational Probe

Conversational probes present novel methodological opportunities for investi-
gating and guiding diverse practices through dialogue-based interaction. This
section introduces our design concept that practically explores this potential
within the context of bokashi composting, followed by a description of the im-
plementation.

4.1 Design Concept

The 'Mostly Olfactory, Reflective Interviewer’, or MORI, is a conversational
probe to investigate experiences of smells during bokashi composting. Ethno-
graphic research of this composting practice [7] suggests that olfactory percep-
tion is the primary modality through which individuals interact with and un-
derstand microbial activity, for example, to distinguish between indicators of
balanced fermentation and signs of undesirable microbial growth.

MORI embodies a non-anthropocentric perspective by taking the role of a
stone, an object that inherently lacks the capacity to smell or see. This choice is
intended to provoke users into being more evocative and detailed in their sensory
descriptions. In effect, MORI invites users to teach it about the world of smells
it cannot perceive, thereby fostering a collaborative sensemaking process. MORI
supports this process through hands-free conversational interaction, minimiz-
ing friction in documenting sensory observations in the moment. By capturing
these fleeting smells, the probe helps users build embodied knowledge over time
and potentially makes it easier for others to learn from these experiences. With
MORI, we explore whether an LLM-based conversational probe can facilitate
rich, reflective dialogue about sensory experiences in a practical context.

(a) Laptop, two soil samples and MORI (b) Participant opening one of the two
probe on the table soil samples

Fig. 3: Study setup
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4.2 Prototype

The MORI prototype was developed as a standalone conversational probe, im-
plemented in Python using Llama 3.2 as its underlying language model. Speech
recognition was handled locally via Picovoice Orca and Faster Whisper and
scripts were connected through OOCSI. For this iteration, MORI’s hardware was
chosen for practical considerations, consisting of a MacBook, Bluetooth speaker
and a microphone array connected via cable. By running software entirely on a
MacBook, we could ensure that no participant data left the device.

To embody its identity as a more-than-human conversational agent, MORI was
housed in a custom cardboard casing designed to resemble a hybrid between a
stone and a voice assistant (see figure 2). This embodiment was chosen to make
the probe’s technological nature visible, while still encouraging participants to
engage with it as something distinct from conventional smart assistants. The
choice of a stone-like form aligned with its design narrative—MORI, as an object
that cannot see or smell. MORI was designed to take an active and guiding role
in conversation. Its stone persona, with a singular focus on smells, structures the
dialogue. It acts as an active facilitator of sensory descriptions and sensemaking.
The logic for updating system prompts is shown in figure 4.

user_input_count += 1

user_input_count

4 <= user_in
messages[0] =

user_input_coun
messages[0] = :
ou can feel what things feel like,

Fig.4: Changing system prompts to guide conversation

5 Results

Analysis based on transcriptions and audio recordings, revealed several key
themes that span both the conversational dynamics of MORI and its role in
facilitating collaborative sensemaking of composting smells.
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5.1 Conversational Dynamics

A theme that occurred frequently was the rigidity of system prompts. MORI’s
conversational flow was designed to be guided by a series of structured system
prompts. In practice, the intended structure was only partially realized, three
out of the four participants sampled only one compost sample, limiting opportu-
nities to compare fermentation stages. Despite the LLM’s memory capabilities,
it often appeared unaware of broader contextual cues. For instance, the system
occasionally resorted to meta-level commentary (e.g., “I made the sentence into a
question. As it stands, my previous response is an answer. ..”), which disrupted
the natural flow of conversation.

Another notable aspect was the introduction of vocabulary and descriptive lan-
guage. Rather than paraphrasing participants’ input, MORI sometimes proac-
tively suggested sensory descriptors that participants had not explicitly men-
tioned. Two participants commented positively on this behavior, with one noting,
“T learned acidity. I realized that that’s something that you can use to describe.”
However, one participant remarked that “a lot of context words I just ignored,”
while another expressed that when the system began offering terms like “earthy”,
it seemed to preempt their own natural expressions—suggesting a tension be-
tween guided vocabulary and individual expressive freedom. Participant 3:

“I'm never really good with putting words. For me it’s like, "Oh, I like
it" or "I don’t like it". So, it’s my expression if I like something or not.
But the overall analyzing of the words about the smell, for me it’s like,
if you want you can say them but for me it doesn’t make a difference.”

Furthermore, issues related to response timing emerged. Participants experi-
enced lagging responses and delayed turn-taking, which required more patience
than expected in conversational interactions. These timing issues disrupted the
rhythm of dialogue and diminished the overall fluidity of the interaction.

5.2 Collaborative Sensemaking of Composting Smells

Beyond conversational mechanics, two participants expressed difficulties in artic-
ulating how they experienced smells. One participant stated, “I think the smell is
quite embodied and quite personal. Also, the other experiences and memories...
it’s hard to really convey with people. It’s mostly just when you smell it, you feel
it.” Although this iteration of MORI did not noticeably improve the descriptive
capabilities of the participants, it suggests the potential value of conversational
probes to support richer sensory descriptions.

Participant 4 reported a sense of collaboration with MORI that evolved over
the course of the conversation. Initially unaware of the probe’s intended stone
persona, the participant later recognized that MORI was designed as a non-
human interlocutor with no inherent capacity for smell. This realization fostered
a reflective shift in the interaction:
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“T think until the middle part of the conversation I started to realize:
Oh, it’s supposed to be a rock. This is supposed to be a rock. There is
this kind of motivation from this artifact that he wants to learn about
the world because it wasn’t... he, she, it, this thing that doesn’t have
the sense of smell. T should explore it for them to know. That was the
premise that I didn’t exactly get from the start. But after I get that, I
do have to say it was very interesting in a way because you’re kind of
working with it. [...] I think it changes my motivation for talking to it
and probably also the way that I would describe certain things too.”

Overall, these findings highlight both promises and challenges of employing
an LLM-based conversational probe for sensory observation in sustainable prac-
tices. The rigidity of prompt structures, timing issues, and the balance between
guided vocabulary and personal expression all offer valuable insights for future
iterations of MORI, as well as for the broader design of conversational agents
that aim to mediate complex, embodied experiences.

6 Discussion

Our study led to several preliminary insights for the design of conversational in-
terfaces that adopt a thing perspective. We discuss these insights across three di-
mensions: conversational dynamics, collaborative sensemaking, and the broader
implications for designing agents.

6.1 Conversational Dynamics

One key observation was that the LLM tended to prioritize the system prompts
over participant input. This rigidity became visible when the system occasion-
ally reverted to meta-level commentary or answered its own questions instead of
responding to participants’ questions. Such behavior indicates that the current
implementation does not yet possess the basic conversational skills necessary for
fluid, adaptive interaction. Future iterations of our probe must balance structure
with the capacity to process and react to participant input, thereby allowing for
more responsive dialogue. Additionally, while MORI’s proactive suggestion of ol-
factory vocabulary was noted as a promising feature by some, other participants
found these suggestions either distracting or overly prescriptive. It is therefore
important to design the LLM so that when it introduces new descriptions, it
checks with the human whether it fits their experience.

6.2 Collaborative Sensemaking of Composting Smells

Despite challenges in conversational fluidity, the study also underscored the po-
tential of a thing perspective in facilitating collaborative sensemaking. MORI’s
inherent limitation—its lack of sensory capability, symbolized by its stone per-
sona—appeared to motivate at least one participant to provide more detailed
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and reflective descriptions of the composting smells. This aspect of the design
has promising implications for encouraging users to articulate embodied knowl-
edge. Moreover, for this one participant, their relationship to the VA seemed to
change, because they wanted to help it get a better idea of the smells. Further
research should explore whether there is an element of non-human care in this
interaction. We wonder how designing for non-human care might be helpful for
sensory engagement and conversations with AI and non-humans?

6.3 Towards Thing Agents

The interaction with MORI elicited a distinct sense of playfulness and imagina-
tive engagement. When the LLM successfully assumed its role as a non-human
interviewer, it freed the conversation from the conventional norms of human di-
alogue, allowing both the probe and the participants to explore the sensory do-
main in new ways. This performative quality suggests that future conversational
user interfaces can sidestep the prevailing trend toward human-machine inti-
macy. Instead of striving to emulate human-like emotional connection, designers
might focus on creating agents that are both visibly technological and symboli-
cally evocative of non-human entities. Such ‘thing agents’ can foster imaginative
interactions that are neither purely transactional nor designed to build a social
relationship.

More research is needed on how different thing personas might shape user ex-
pectations and engagement over time. To further advance this work, it may be
beneficial to fine-tune LLMs on datasets that capture thing-centered narratives,
and to develop improved prompting strategies that better balance structured
guidance with conversational flexibility. These refinements could enhance the
agent’s capacity to engage in nuanced, context-aware dialogue, ultimately trans-
forming how conversational interfaces mediate complex, embodied experiences.

7 Conclusion

We explored how conversational agents can adopt non-human perspectives, shift-
ing away from traditional anthropocentric paradigms in CUI design. Our findings
demonstrate that these alternative interaction paradigms foster new forms of en-
gagement by encouraging detailed sensory descriptions in collaboration with a
non-human entity. Our experiments highlight key challenges, such as balancing
conversational adaptability with structured system prompts, refining how LLMs
introduce vocabulary, and improving response timing for fluid interactions. At
the same time, they reveal opportunities in designing conversational agents that
do not seek to replicate human relationships but instead engage users in more
performative and playful ways. The emergent sense of non-human collaboration
in MORI suggests that thing agents can encourage users to contribute more
actively to interactions, reframing Al-driven dialogue as a process of shared ex-
ploration rather than one-way assistance.
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Abstract. Older adults often adopt IoT-based health self-monitoring
devices with initial enthusiasm, but long-term engagement typically de-
clines. This study explores two strategies to sustain usage among adults
aged 60 and above: (1) gamified economic incentives and (2) parent—child
interaction. Grounded in human—computer interaction (HCI), behavioral
economics, and gerontechnology, we review related work on motivation
and social support in aging. We then present a smart self-monitoring sys-
tem combining a points-based reward mechanism and a companion app
for intergenerational engagement. A preliminary usability study with 10
elderly—child dyads confirmed system accessibility and suggested both re-
wards and family involvement boost emotional engagement. We propose
a 2x2 factorial experiment to evaluate the strategies’ effects on long-
term usage. This research aims to inform HCI and aging-focused design
by demonstrating how behavioral and social interventions can enhance
elderly engagement with health technologies.

Keywords: Sleep Monitoring - Elderly Care - Health Awareness - User
Engagement - Economic Incentives - Family Support.

1 Introduction

Despite the growing availability of IoT-based health technologies, sustaining
long-term engagement among older adults remains a major challenge. In our
current project, we build upon an existing commercial system centered around
the Slaap Lekker sleep monitor, which is already in use alongside three other
connected devices: a blood pressure monitor, a pulse oximeter, and a body com-
position scale. These devices form the IoT backend of the system, which collects
daily health data and transmits it to a mobile app used by elderly users and
their families.

The app enables older adults to view their own health data and optionally
share it with their children or caregivers. While initial uptake has been positive,
our field data reveals a sharp drop in usage over time. Many users decrease their
engagement significantly after the first few weeks of use, limiting the long-term
benefits of these health monitoring tools.
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From a Human—Computer Interaction (HCI) perspective, this problem ex-
tends beyond usability. Though the app is functional and the interface is ac-
cessible to smartphone-literate seniors, continued usage also depends on users’
motivation and emotional engagement. Prior research shows that sustained inter-
action with health technology in older adults requires addressing both practical
ease-of-use and deeper behavioral drivers.

Behavioral economics suggests that extrinsic motivators, such as rewards,
can support health behavior change by providing immediate positive feedback.
However, older users may react differently to such incentives than younger users,
particularly if the rewards feel transactional or misaligned with personal values.
At the same time, aging theories such as socioemotional selectivity highlight that
social and emotional support—especially from close family members—becomes
increasingly important in motivating behavior later in life.

Given this context, our study explores two complementary strategies to en-
hance long-term engagement with the existing health monitoring system:

— Gamified economic incentives Which aim to make self-tracking feel more
rewarding and fun.

— Parent—child interaction Which enables adult children to remotely support
their parents through a linked companion app.

By combining behavioral and emotional motivators, we aim to support both
the “will” and the “habit” of continued health tracking. In the sections that
follow, we review prior research, describe our system and interventions, present
findings from a pilot usability study, and outline our formal experimental design
to evaluate the effectiveness of these strategies.

2 Background and Related Work

2.1 Engagement Challenges in Elderly Health Technologies

Older adults face specific challenges in sustaining the use of health technologies.
Usability is a key concern. When systems are too complex or interfere with daily
life, disengagement is likely. However, many smartphone-literate seniors are able
to use well-designed tools if interfaces are clear and intuitive.

In our project, although the IoT system is generally user-friendly, many users
gradually reduce usage after initial adoption. This pattern aligns with findings in
the literature. Initial motivation often fades without habit formation or ongoing
support. By contrast, users who develop routines and receive encouragement are
more likely to maintain long-term engagement.

2.2 Motivational Design and Economic Incentives

To address declining motivation, many health technologies use strategies such as
gamification, goal-setting, and rewards. Gamification adds elements like points,
badges, and progress tracking to make health tasks more engaging. While com-
mon among younger users, such methods are less explored in older populations.
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Economic incentives, rooted in behavioral economics, offer tangible or sym-
bolic rewards to reinforce desired behaviors. In our study, we compare two reward
types—symbolic virtual points and small cash rewards—and also vary the recip-
ient. In some groups, rewards go directly to the older adult; in others, they go
to the adult child, aiming to motivate family support.

By examining both reward form and reward target, we explore how different
incentive models affect older adults’ long-term engagement. All rewards are pre-
sented positively, with a focus on habit-building, emotional meaning, and family
connection, rather than transactional gain.

2.3 Family-Based Support and Intergenerational Interaction

Social support is a key factor in shaping health behavior among older adults.
When family members show care, older users are more likely to maintain routines
such as daily self-monitoring. Involving adult children can also increase confi-
dence and emotional motivation, especially when they pay attention to their
parents’ health data.

As people age, close relationships become stronger motivators. Socioemo-
tional selectivity theory suggests that emotional bonds increasingly guide deci-
sions. In cultures like China, where adult children often support aging parents
remotely, technology can help maintain this connection.

In our system, parents can share their health data with their children via
a linked app. After viewing the data, children can respond with a simple “like”
to express encouragement. This small gesture fosters emotional connection and
turns self-monitoring into a shared, family-supported experience.

3 Intervention Design and Preliminary Usability Study

3.1 System Overview

Our system is centered around a connected sleep monitoring device, supported by
three Bluetooth-enabled health tools: a blood pressure monitor, a pulse oximeter,
and a body composition scale. These devices are integrated into a mobile app
designed specifically for older adults, which presents health data in a clear, easy-
to-read format and supports optional sharing with family members.

To address the challenge of declining long-term engagement, we introduced
two intervention modules into the existing app: a gamified incentive mechanism
and a parent—child data sharing feature. These are intended to enhance both
behavioral motivation and emotional support.

When designing the new feature prototypes, we optimized the interface based
on usability principles, focusing on visual clarity, intuitive navigation, and low
interaction burden—ensuring accessibility for smartphone-literate older users.

3.2 Intervention Modules
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Gamified Economic Incentive Mechanism The gamified incentive module re-
wards users with points for daily health measurements using connected devices.
Points are displayed in the app and can be redeemed depending on group assign-
ment: some users receive symbolic rewards (e.g., badges), while others receive
small cash rewards.

The app sets simple goals, like completing all measurements in a day or
maintaining daily use. Visual feedback—such as progress bars or “You earned 10
points today” messages—helps reinforce consistent use.

Reward framing varies across groups. Symbolic rewards emphasize fun, achieve-
ment, or altruism, while cash rewards highlight tangible value. This setup allows
us to examine how different incentive types affect long-term engagement in older
adults.

Parent—Child Data Sharing Feature The parent—child data sharing feature allows
older adults to link their app with a companion app used by their adult child.
With consent, summary health data (such as daily measurement completion or
progress updates) is shared to the child’s app. In response, the child can give
simple positive feedback—such as tapping a "like" icon—which is then displayed
on the elder’s interface.

This lightweight interaction is designed to reinforce emotional connection
and create a sense of being seen and supported. Unlike active messaging or
reminders, the feedback is minimal and non-intrusive, aiming to respect the
elder’s autonomy while still providing subtle encouragement.

The design draws on intergenerational dynamics common in many cultures,
where adult children continue to care for aging parents, often remotely. By en-
abling visibility of daily effort and allowing children to show acknowledgment
with a single tap, we aim to turn health tracking into a shared experience rather
than a solitary routine.

3.3 Usability Study with Older Adult—Child Pairs

Before launching the full experiment, we conducted a preliminary usability study
to evaluate the interface design and user acceptance of the two intervention
features—gamified economic incentives and parent—child data sharing. We used
a Figma-based interactive prototype to simulate the features.

Ten elder—child dyads were recruited. Older participants were required to be
over 60 and have some experience using smartphones. In the first home visit,
we installed our existing app and IoT devices (sleep monitor, blood pressure
monitor, pulse oximeter, and body fat scale) on their phones and guided them
through initial usage. Over the following 3—-7 days, participants used the system
at home to familiarize themselves with the product.

In the second visit, after this initial hands-on experience, we introduced the
two new features by letting participants interact with the Figma prototype di-
rectly on their smartphones. Their responses provided key usability insights:
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Age-related independence Most users aged 60-70 could independently operate
the app, while users over 70—even those who owned smartphones—typically
used them only for calls and needed assistance from their children.

Comprehension Participants who could use apps like WeChat or browse news
were generally able to understand and operate the interface without difficulty.
No major comprehension barriers were reported for the new feature prototypes.

Gamified incentives Many elders expressed positive interest, describing the fea-
ture as fun and motivating. Most said the cash reward was secondary, and that
the gamified aspect was more appealing.

Parent—child interaction Some elders—especially those not cohabiting with their
children—found this feature valuable. They appreciated the way it enabled chil-
dren to notice their health status without requiring the elder to initiate con-
versations about discomfort or illness. However, participants who lived with
their children expressed less interest, noting that they already communicated
frequently in daily life.

Emerging user needs Beyond interface feedback, some elders voiced a strong de-
sire for the app to offer more interpretive guidance on their health data. They
hoped the system could not only display measurements but also provide action-
able insights for managing their health.

4 Next Steps: Experimental Plan and Future Directions

4.1 Experimental Plan
Building on usability feedback, we developed a field experiment to evaluate how
reward types (virtual vs. cash) and recipient roles (elder vs. child) influence older
adults’ sustained use of self-monitoring technologies.

Unlike a simple 2x2 factorial design, our setup includes four experimental
groups designed to explore the interaction between reward format and family
dynamics:

Elder—Virtual Group Older adults complete daily tasks independently and re-
ceive virtual rewards (e.g., badges, points, charitable donations). No child in-
volvement.

FElder—Child Virtual Group Older adults complete tasks together with their adult
children via the app. They receive virtual rewards, with positive feedback fea-
tures (e.g., likes) enabled between the pair.

Elder—Child Cash Group Cash to Elder Tasks are completed jointly by elder and
child. Cash rewards are given to the older adult.

111



Qingyuan Lin and Jun Hu

Elder—Child Cash Group Cash to Child Tasks are completed jointly by elder and
child. Cash rewards are given to adult child instead of the elder.

By comparing across these conditions, we aim to answer:

— Whether virtual or cash incentives are more effective

— Whether motivating the elder vs. their child yields different long-term out-
comes

— Whether family participation alone (without financial rewards) already helps
maintain engagement

4.2 Future Directions
Moving forward, we identify four key directions to expand this work:

Personalized and Adaptive Motivation Future systems could tailor incentive
types (gamified, financial, or social) to individual preferences, assessed through
onboarding or early behavior. This personalization may improve long-term ad-
herence.

Expanding Social Roles and Family Models Beyond parent—child interactions,
other social relationships—spouses, grandchildren, or community caregivers—could
be explored. Different roles may offer unique forms of emotional or practical sup-
port.

Long-Term Engagement and Health Outcomes Extending the study duration
could reveal whether short-term incentives lead to lasting habits. Additionally,
future studies could link usage behavior with actual health improvements and
medical decisions.

Enhanced Guidance and Accessibility Users expressed a need for simple health
explanations and actionable tips. Future iterations might include health coaching
features, voice interfaces, or integration with healthcare professionals, especially
for users with limited vision or mobility.

These directions aim to support both sustained behavior and meaningful health
engagement in aging populations.

5 Conclusion

This study explored how to improve long-term engagement of older adults with
ToT-based self-monitoring technologies through two strategies: economic incen-
tives and intergenerational interaction.

Drawing from HCI, behavioral economics, and aging theory, we developed
a system that combines gamified or financial rewards with family participation
features. A preliminary usability study with 10 elder—child pairs showed that
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smartphone-literate seniors could use the app independently, and that both in-
centive mechanisms and family sharing were positively received. These insights
informed the design of a full-scale experiment involving four user groups to com-
pare different combinations of reward types and recipient roles.

Our approach emphasizes the value of designing not just for the individual
elder, but for their broader social and motivational context. As populations
age, supporting healthy behavior through personalized, emotionally resonant,
and socially connected systems will be critical. We hope this work contributes
to more inclusive, meaningful, and sustainable health technology solutions for
aging societies.
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Abstract. Patients with esophageal and stomach cancer face complex
treatment trajectories, where the results can vary significantly based on
individual and tumor-related characteristics. Although data-driven in-
sights are increasingly available through clinical audits, these insights
are often complex for clinicians to interpret and apply during patient
care.

This study introduces a “patients like me” dashboard: a UX-focused tool
designed to present personalised outcome data in a structured, accessible
format. Rather than aiming to directly support shared decision-making,
the dashboard helps healthcare professionals make sense of relevant pa-
tient, tumor, and treatment factors at key clinical moments, such as
postoperative evaluations.

A multidisciplinary focus group will co-define the functional and tech-
nical requirements using a human-centred design approach. To assess
content preferences and usability, semi-structured interviews will be con-
ducted with 15 patients, followed by thematic analysis. A usability sur-
vey with 50 patients and structured feedback from clinicians through the
Dutch Upper Gastrointestinal Cancer Audit (DUCA) will evaluate the
clinical integration of the tool.

Developed in collaboration with the Dutch Institute for Clinical Audit-
ing (DICA), this project explores how a data-driven dashboard can im-
prove clinical understanding, risk interpretation, and communication in
oncological care, ultimately supporting more personalised and proactive
treatment pathways.

Keywords: UX design - outcome interpretation - oncology dashboard -
human-centered design - esophageal and stomach cancer

1 Introduction
Each year, approximately 4,000 individuals in the Netherlands are diagnosed

with esophageal (3025) or gastric cancer (979)[56]. Despite improvements in
treatment, esophageal (5[9]) and gastric (7[9]) cancers remain among the top
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seven causes of cancer-related mortality worldwide [19,51,9], with persistently
low survival rates even in high-income countries [9].

Treatment of these cancers typically includes neoadjuvant chemotherapy or
chemo radiotherapy followed by major surgery [42,38,47,12], an approach that,
although effective in some cases, often results in significant short- [4,2,25] and
long-term [2,36,3,20,40,58] complications, including infections, anastomotic leak-
age, and significant weight loss, affecting patient recovery and quality of life
(QoL) [39]. Although most oncologists acknowledge the importance of QoL, only
about 50 percent measure it in routine practice [8], despite its high value to pa-
tients in all stages of cancer care [39].

Given the burden of treatment and the complex risk profiles, more person-
alised and less invasive treatment strategies are being explored [28]. For example,
active surveillance after chemoradiation in esophageal cancer [54,24] and limited
gastric resections in palliative settings [44] have shown promise in selected pa-
tients. These evolving strategies reflect a shift toward tailoring care not only to
tumor biology but also to individual risk profiles, recovery patterns, and quality-
of-life priorities.

The Dutch Upper Gastrointestinal Cancer Audit (DUCA) has identified
strong associations between patient, tumor, and treatment-related factors and
postoperative outcomes in both esophageal [26,33] and gastric cancer [25,10].
Several of these factors, such as BMI [31,27], malnutrition [11], smoking [53,18],
and alcohol use [18], are modifiable by the patient, while others depend on clin-
ical decisions, including the choice of surgical approach or neoadjuvant therapy
by the healthcare professional (HCP) [54].

However, although national audits such as DUCA collect extensive outcome
data, clinicians often lack the tools to translate this information into patient-
specific insights [29]. Follow-up data, including lab results, imaging, and patient-
reported outcomes, are typically presented in static formats, such as EHR, print-
outs [50]. A Keyl study underscores that explainable AI (xAI) could bridge this
gap by revealing patient-specific marker interactions (e.g., CRP and ECOG PS),
but such insights are rarely embedded in clinical workflows [34]. For example, a
study of lung cancer found that without dynamic tracking, severe pain events
were overlooked until they required emergency care. Contextualizing patient-
reported outcomes (PRO) (e.g. "Your fatigue score is higher than 80 percent of
patients at this treatment stage") improved interventions [41]. Currently, such
context often comes only from the clinician’s personal experience or memory
rather than data-driven insights.

To bridge this gap and help improve the digital patient experience (PEx) [59],
dashboards have been developed in various fields to support patient information
and shared decision-making [48,57,28]. Given the complexity of esophageal and
gastric cancer and their associated outcomes, a dashboard that integrates pa-
tient, tumor, and treatment-related factors could be a valuable tool in the outpa-
tient clinic to improve shared decision-making between patients and healthcare
professionals [48].
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In this paper, we discuss the design of a Patients-Like-Me dashboard: a
clinician-facing interface that visualises an individual’s outcomes alongside those
of similar patients [60]. Inspired by the PatientsLikeMe platform, this tool lever-
ages retrospective cohort data to support personalized recovery interpretation
and shared decision-making. This study presents the concept and development of
the dashboard and explores the specific information needs of patients and health-
care professionals to ensure that the tool aligns with real-world clinical practice.
Hence, improve understanding and shared decision-making in follow-up care.

We report early insights from our design process, highlighting how mapping
the interaction flow between clinician, patient, and system helped identify mis-
alignments between the initial logic of the tool and the needs of the clinician. By
approaching the problem from a human-system interaction design lens, we aim
to create a dashboard that is not only useful, but also usable and well adapted
to the context of cancer care follow-up in esophageal or gastric cancer.

2 Our design approach

In our design process, we took an iterative and human-centered approach, fo-
cusing on how clinicians interact with data during follow-up consultations. We
started by looking at the systems and workflows that are already in place to
understand how outcomes are currently used in practice. Based on these in-
sights, we created a first version of a dashboard that helps place postoperative
outcomes of a patient in the context of similar patients. The aim is to make
it easier to interpret the data together with the patient and to support shared
decision-making. In the following, we describe the key steps we followed in this
process.

Reviewing the Codman dashboard

To better understand the current data systems clinicians use, we reviewed the
existing “Codman Dashboard” developed by DICA [55]. The Codman system is
inspired by Dr. Ernest Amory Codman. A statement of every hospital should
state that it treats every patient it treats long enough to determine whether a
treatment has been successful, as a result of clinical audit [17]. This dashboard
supports healthcare professionals by providing insight into the quality of care
and enabling comparison between institutions. It is structured around six main
functional indicators, each specifically defined in a dataset containing informa-
tion on hospital structure variables, care processes, and patient outcomes [7]:

— Indicators Compare key treatment outcomes with national benchmarks.
— Explorative Interactively explore patient group outcomes based on filters
like characteristics and treatments.

Descriptions Analyze the distributions of treatment types and outcomes
between institutions.

Patient Support shared decision-making with patient-facing visualisations
in the consultation room.
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— Overview Monitor data submission and transparency indicator performance.
— Medicines Review the use, cost, and results of high-cost drugs in hospitals.

“2 out of 100 does not feel like me’

The main function we focus on is the patient’s functionality, combined with the
exploratory function on the clinician’s side. The system currently uses a set of
questions to structure an outcome dashboard with insights. One of the main
takeaways is information overload, which is often presented purely in numbers.
Visually guiding the user by showing what steps to take and presenting data
concerning a larger whole would offer more clarity. Placing the information in
a broader context could help users develop a better understanding of what the
data means in practice.

For example, when a comparison of patients like me results in a value like 2
out of 100 Figures 1, the large denominator can unintentionally downplay the
relevance of the outcome. This ties into the concept of denominator neglect (also
known as ratio bias), where people tend to focus on the numerator and overlook
the denominator when evaluating risk or likelihood. Even when people under-
stand how proportions work, they often rely on heuristics such as ’imagining
the numerator’, which can lead to misinterpretation of statistical data [43,49].
A well-known demonstration of this was done by Denes-Raj and Epstein [16],
where participants were more likely to pick a red jelly bean from a bowl with 9
red out of 100, rather than 1 out of 10, despite knowing the probabilities were
worse because the larger numerator felt more promising.

In our case, a low index of patients like me could unintentionally create a
false sense of reassurance simply because it appears small in relation to a large
total. Presenting this information in a way that counters the denominator neglect
through visual framing or contextual cues could help both clinicians and patients
better interpret the relevance of individual outcomes.

Based on these outcomes, we created a low-fidelity prototype based on the
DICA follow-up questionnaire.

Structuring the first interaction flow

We translated the conceptual prototype into a structured flow using Miro. The
flow includes patient input of lifestyle and personal data, physician input of
tumor and treatment characteristics, and the final dashboard output screen.
The visual map captured screens, transitions, and interaction notes using sticky
comments and helped align the multidisciplinary team on system logic, flow, and
open design questions.

Designing for the Doctor—Patient—System interaction

To ensure that a new tool fits into a complex care process, designers often em-
ploy mapping techniques. Service blueprinting is one such method, creating a
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Fig. 1. Current codman dashboard

diagram of the entire service process, including people, technologies, and inter-
actions along a specific user journey [21]|. This approach, widely used in service
design, is especially valuable in healthcare, where multiple actors (e.g., clinicians,
patients, IT systems, and administrators) collaborate within time-pressured en-
vironments. By visualizing relationships and touchpoints, a blueprint offers a
holistic view of the care process and can reveal workflow inefficiencies or gaps in
coordination [45,37].

In healthcare contexts, the terminology used to describe patient journey map-
ping varies widely. It includes process mapping [5,22,52|, journey mapping (6],
patient journey modelling [14], and client journey mapping [15,46]. Although
these approaches differ in scope and application, they share a common goal: to
better understand the care sequence from the patient’s perspective, often visu-
alizing how touchpoints, interactions, and system processes unfold over time.

In our case, we employed interaction workflow mapping, a variation of service
blueprinting focused on the doctor—patient—system triad. This map visualizes
how the dashboard is used before (for example, sending requests), during (e.g.,
completing forms), and after (e.g., interpreting filled-in data) a follow-up con-
sultation. It outlines clinician actions (such as reviewing recent test results or
inputting new data), patient activities (such as completing a symptoms’ ques-
tionnaire) and system responses (e.g., updating comparative graphs or calculat-
ing the Quality of Life index) along the timeline of a typical clinical encounter.
An example of this interaction mapping can be seen in Figure 2, which visualizes
the coordinated flow of actions and responsibilities between the three agents. In
our case

Prior work in human—computer interaction emphasizes natural mapping align-
ing interface elements with a user’s mental model of a task as well as journey
mapping to better understand how people experience healthcare over time. These
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Fig. 2. Interaction workflow map illustrating clinician, patient, and system touchpoints
during a follow-up consultation.
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studies highlight the importance of mapping interactions not just as isolated
events but as sequences shaped by emotional, temporal, and contextual fac-
tors [15,46]. Our workflow map serves as a reference to ensure the dashboard’s
design is aligned with clinicians’ cognitive workflows and the broader patient
journey. In this way, we move beyond screen-level interactions and engage with
the full systemic choreography of using the dashboard in clinical practice.

3 Dashboard Implementation

While the goal is to implement a simple web-based application, the hospital con-
text, combined with the integration of Al models and the need for secure patient
data handling, presents several unique challenges. These challenges span across
multiple domains—technical, ethical, and operational—that should be addressed
to ensure the system is effective, reliable, and compliant. The factors require a
detailed exploration of the system’s architecture, the role of Al in supporting
treatment decisions, the integration of data across various touch points, and how
collaboration between designers and developers can help ensure a seamless user
experience.

Key technical challenges and requirements

Consistent with the FUTURE-AI guidelines [35], the system must comply with
evolving Al regulations, investigate application-specific ethical concerns, con-
sider broader social and societal implications and maintain rigorous standards
for data protection and security. These principles collectively support the devel-
opment of a trustworthy and responsible healthcare AI system.

The technical requirements vary according to the stage of the project. For the
first stage, which is focused on user testing, the software needs to run only locally.
Therefore, installation should be simple and require as few steps as possible.
During this phase, development is limited to the front-end application.

To ensure accessibility for people with disabilities, the application must com-
ply with the Web Content Accessibility Guidelines (WCAG) [30]. Accessibility
is a core design principle, especially in a healthcare setting, where users may
have various needs and varying levels of ability. Integrating accessibility from
the outset helps ensure an inclusive experience for all users.

Since the application handles sensitive medical data and operates in a health-
care context, data privacy and security are critical. These requirements are ad-
dressed by following the ISO 27799 standard, which provides healthcare-specific
guidance for managing information security. The software architecture must care-
fully consider what types of data are stored, where they are stored, and how they
are transmitted within the system. Secure access control is essential to ensure
that only authorized users can add, view, edit, or delete data. Role-based per-
missions should be implemented to appropriately restrict access; for example,
patients should only be able to view their own data. To meet industry stan-
dards, the system should comply with the General Data Protection Regulation
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(GDPR) [23] for the handling of personal data and follow the best practices
outlined in the OWASP Top 10 to protect against common web application
vulnerabilities [1].

The listed requirements represent only a fraction of what will eventually be
needed. Since the project is progressing in phases, some technical aspects have
yet to be fully defined. However, identifying these requirements early is essential
to avoid delays. To ensure alignment and prevent setbacks, regular meetings are
held with stakeholders throughout the development process.

High-level system architecture

The system is composed of multiple microservices, each responsible for a specific
function within the overall architecture.

One of the core components is the front-end application, which has been in
development since the early stages of the design process. This interface supports
two distinct user flows: one tailored for physicians and the other for patients. The
chosen programming language is JavaScript, using React. This framework was
selected because of its widespread adoption, which facilitates easier onboard-
ing of future developers and simplifies future modifications. According to the
Stack Overflow 2024 Developer Survey, React is the second most popular web
framework after Node.js, with over 39% professional developers reporting its use.

In addition to the front-end, a back-end service is required to act as a com-
munication layer between the user interface, the database, and the AI model.
This service is developed using Python and FastAPI, exposing a RESTful API
that handles all inter-service requests. It serves as the central hub of the system
and is designed to efficiently manage interactions between the components of the
system.

For data persistence, MySQL has been selected as the database solution. Al-
though lightweight alternatives like SQLite are suitable for prototyping and local
development, MySQL provides better support for concurrent access, structured
data relationships, and security configurations, making it more appropriate for
applications in healthcare contexts, where data integrity and access control are
critical.

A critical part of the architecture is the AI model, developed by a collabo-
rating team. This model, likely implemented in R, will interface with the system
solely through the back-end. This design enforces a clear separation of concerns
and simplifies integration.

To streamline setup and collaboration, all components are containerized using
Docker and managed via Docker Compose. This approach ensures consistency
across development environments and reduces the time required to get the system
up and running locally.

In this phase of the project, the system is intended to run locally, without a
dedicated environment strategy in place. The focus remains on supporting rapid
iteration and feedback during early user testing while laying the foundation for
future scalability.
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AT models’ role in determining treatment outcomes

A key aspect of this framework is to inform patients not only about their treat-
ment options and expected outcomes but also about their life expectancy and
modifiable lifestyle factors, such as weight management, cessation of smoking
and alcohol reduction, that can influence their prognosis. To achieve this, the
system utilizes a dedicated AI model that processes two primary categories of
input:

— Medical data Provided by physicians, including tumor characteristics and
treatment details
— Personal data Lifestyle and body characteristics that may impact prognosis

Based on these inputs, the AI model generates outcome predictions, presenting
probabilities in percentage form. This information will help patients and health-
care providers make informed decisions about treatment and lifestyle changes.

System Interaction Mapping and API Planning

Before implementation begins, it is essential to establish a clear understanding of
how different parts of the system will interact. This includes mapping the flow
of data between components and defining how the services will communicate.
These preparatory steps help align development efforts and ensure that technical
decisions reflect the actual needs of end users and the logic of the system.

For data flow, a sequence diagram has been created to ensure that all sys-
tem functions correctly process and exchange information. Six key actors were
identified in this architecture: the physician, patient, front-end, back-end (API),
database, and AI model. Currently, there is only one scenario that requires the
application to communicate with the AI model: when physicians and patients
review the completed form results and evaluate possible treatment outcomes.

Building on this, comprehensive API endpoint documentation has also been
developed to specify how the front-end and back-end will interact. This document
outlines the structure of all requests and responses, ensuring consistency between
components and facilitating smoother integration. It also plays a critical role in
identifying and validating all communication points between the user interface
and the back-end logic.

Mapping data flows and defining API contracts reduces the risk of misalign-
ment and supports efficient development. Although other forms of preparation
exist, this phase has focused on sequence diagrams and API documentation as
key foundations.

4 Collaboration

One of the most important aspects of our design challenge is the collaboration
between the UX designer and the developer. For this collaboration to be effective,
certain practices have been shown to significantly improve outcomes. A study
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on designer-developer collaboration highlights six key factors that facilitate suc-
cessful teamwork: close proximity, early and frequent communication, shared
ideation and problem solving, crossover of knowledge and skills, co-creation and
prototyping, and making joint decisions [32]. Although the specific implementa-
tion of these practices is focused on complex organizations and agile workflows,
they form a reliable foundation for building strong technical-design partnerships.

When developing the dashboard, we plan to emphasize several of these prin-
ciples.

1. Close proximity As we are usually co-located, informal in-person con-
versations naturally support quick alignment and decision-making. This is
complemented by digital tools such as Miro for visual collaboration, Trello
for task management, and Microsoft Teams for structured communication.
Weekly standups provide a consistent rhythm for tracking progress and sur-
facing blockers.

2. Early and frequent communication Communication is built into our
daily workflows through both face-to-face interactions and digital channels.
Design and development discussions begin at the earliest stage of the project,
ensuring that technical constraints and user needs are considered in parallel.
Regular meetings with the stakeholder are scheduled to ensure that everyone
is aligned on the requirements and progress of the project.

3. Shared ideation and problem solving We engage in joint brainstorming
sessions virtually (e.g., in Miro) to explore concepts together. This allows
immediate feedback, which helps align design intentions with technical fea-
sibility at the beginning of the process.

4. Crossover of knowledge and skills The designer is exposed to techni-
cal limitations and considerations during development discussions, while the
developers gain insight into user research and design rationale. This mutual
understanding strengthens collaboration and reduces miscommunication.

5. Co-creation and prototyping We co-develop wireframes and interactive
mockups in tools like Figma and Miro, allowing both teams to experiment
and iterate rapidly before committing to implementation. Developers also
contribute to low-fidelity prototyping when necessary to test feasibility.

6. Making joint decisions Decisions about features, priorities and user ex-
perience are made collaboratively, considering both user-centered goals and
system constraints. Trade-offs are discussed openly to reach balanced, in-
formed outcomes.

Although tools and practices form the basis for productive collaboration, it
is also important to recognize the human aspect of working relationships. As
highlighted in the study [32], a potential barrier that is often overlooked is the
difference in personality types between designers and developers. These differ-
ences, such as varying communication styles, ways of approaching problems, or
tolerance for ambiguity, can influence the dynamics of collaboration. By fostering
mutual respect, encouraging open dialogue, and creating shared spaces for co-
creation, our team actively works to bridge these differences and build a collab-
orative culture rooted in understanding rather than assumption. By embedding
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these practices into our workflow, we aim to foster a collaborative environment
that ensures usability, performance, and maintainability are all considered from
the ground up.

Team Roles and Interaction

g

. “BBwol]

Fig. 3. Collaborative workflow between stakeholder, designer and developers

The collaborative workflow between user experience (UX) design and soft-
ware development begins with the input of stakeholders, which defines the func-
tional and experiential requirements of the system. These inputs guide both
designers and developers. UX designers translate requirements into user journey
sketches for both patients and physicians, which are then refined into high-
fidelity prototypes using tools like Figma. These prototypes form the foundation
of the user interface and are documented in Storybook to provide standardized,
reusable components for development.

To ensure alignment throughout the process, collaboration is supported by
tools such as Miro and Trello. Miro facilitates the co-creation of system models,
user flows, and architectural diagrams, while Trello assists in task management
and progress tracking. In parallel, developers design the back-end architecture to
match the intended user experience, with communication channels and shared
artifacts smoothing the handoff from design to implementation.

Development is done in Visual Studio Code (VSCode), with version con-
trol and code collaboration managed via GitHub. Developers of the Al model
also contribute through GitHub, integrating intelligent features into the system.
This cross-functional workflow, which brings together stakeholders, designers,
software engineers, and Al specialists, is illustrated in Figure 3.
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5 Project overview

To maintain alignment across the design, data, and development, we created a
project overview. This visual categorized activities by color: blue for UX and
design tasks, green for DICA’s data contributions, orange for software develop-
ment, and black for coordination meetings. This helps us track progress, align
dependencies, and coordinate parallel work streams
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Fig. 4. Timeline of first quarter planning developed through stakeholder collaboration.

This diagram visualizes the planning and development stages during the first
quarter of the project (figure: 4), including research, wireframing, architecture,
and initial UI design. Key milestones reflect collaboration between interaction
designers, Al experts, and clinical stakeholders. Insights from early system analy-
sis and stakeholder feedback informed the structure, logic, and component setup
of the conceptual dashboard.
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Fig. 5. Timeline of second quarter planning including iterative prototyping and Al
integration.
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The second quarter focuses on the refinement of the prototype, implementa-
tion, user testing, and integration of Al-based functionality (figure: 5). This time-
line highlights ongoing feedback loops between designers, developers, and stake-
holders, with continuous adjustments based on user insights. The final stages
include the preparation of a storybook for implementation and the completion
of project deliverables.

Next Steps: Finalization of the interface and testing in context

In the upcoming phase, the focus is on creating a high-fidelity prototype in
Figma based on the validated interaction flow. This version will include refined
visuals, clear interaction states, and will serve as a starting point for selecting a
final direction for the new dashboard.

Once the preferred version is chosen, it will be implemented and tested in
context with clinicians. These tests will help us gather feedback on how intuitive
the dashboard is, whether the outcomes are easy to interpret, and how well it fits
within different clinical workflows in cancer follow-up care. The goal is to ensure
that the interface feels right and supports clinical conversations effectively.

In parallel, the front-end application will be developed with mock AI re-
sults and placeholder database connections. This enables early system testing
and iteration without relying on fully functional back-end components, ensuring
smoother integration later.

Future Steps: Building for Flexibility and Long-Term Use

Since the system will be built in phases, it is important that both the back-end
and front-end are set up to grow over time. The architecture should support
plug-and-play integration of real Al models and databases without requiring
major refactoring. The same goes for extra features such as login or email noti-
fications—they’re not needed yet, but the system should be ready for them.

To support future AI integrations, we will design a shared interface that
can translate different model outputs into the same format. This helps keep the
dashboard logic clean and makes it easier to add new models later. On the front-
end side, we will avoid hardcoded forms and instead generate Ul components
from a schema or configuration. This makes the interface easier to maintain,
customize, or localize in the future.

As the system becomes more complex, we will also need some basic tools to
keep track of what is happening under the hood. Things like logging, error mes-
sages, and simple monitoring will help catch problems early and keep everything
running smoothly [13]. Taking these steps now will save time later and make the
system easier to manage as it evolves.
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Abstract. Mijke is an Al-powered chatbot designed to connect users,
especially those with limited basic skills, to appropriate organizations
and services in the Eindhoven. This work-in-progress project addresses
two key challenges: improving accessibility for users with lower literacy
skills and enhancing the accuracy of service matching. Mijke enables nat-
ural, voice-based interaction through WhatsApp by integrating speech-
to-text and text-to-speech technologies, and a match validation process
is under development to evaluate how well the chatbot aligns with user
needs. The system also explores how tone of voice affects user trust and
comfort. Informed by user testing and designed with multimodal inter-
action in mind, the project aims to reduce barriers to essential services
and foster inclusive, adaptive digital support systems.

Keywords: Conversational Al - Low Literacy- Multimodal Interaction

1 Introduction

Mijke is the chatbot prototype from the Met Mij project [1], aiming to create an
AT ecosystem that connects individuals with limited skills to local social support
services through easy-to-use technology. People lacking basic skills—like liter-
acy, numeracy, and problem-solving in tech-rich environments—face barriers in
accessing public services. These “key competencies” from the PIAAC 2023 sur-
vey are essential for societal participation and daily support. PIAAC categorizes
these competencies into five proficiency levels, with Level 1 reflecting basic tasks
like finding specific information in a short text, while higher levels involve more
complex information evaluation [2].

In the Netherlands, the PIAAC 2023 survey shows that 16% of adults aged 16
to 65 score at Level 1 or below in literacy, totaling about 2.2 million individuals
with limited writing skills. Including those up to age 75, nearly 3 million adults
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are low-skilled in key competencies. Additionally, eight in ten adults with low
literacy also have low numeracy, indicating a substantial overlap [2].

To address these gaps, conversational agents and Al chatbots are increas-
ingly adopted in digital service delivery. Prior studies show that multimodal
Al—combining text, voice, and interface cues—improves accessibility, engage-
ment, and trust, especially among underserved populations [3,4]. Saraswat et
al. [5] emphasize the need for well-structured conversational flows and design
strategies to guide users with minimal cognitive friction. In healthcare and senior
support, multimodal systems help manage complexity and enhance the perceived
helpfulness of digital assistants [6,7].

Relevant examples like Lukas et al. [8] and Candello et al. [9] highlight the
effectiveness of WhatsApp-based conversational Al in multilingual, low-literacy
contexts, where voice input and rich media enhance data quality and user com-
fort. From a design perspective, Ghosh et al. [10] and Tseng et al. [11] advocate
for value-sensitive features such as trust-building responses, easy onboarding,
and clear conversation scaffolds for misinterpretation or fallback scenarios.

The role of prosodic elements in voice interaction, including intonation, pitch,
and speech rate, influences voice attractiveness and user engagement. Wang et
al. [12] built on Zuckerman & Driver’s framework [13] to evaluate Al-generated
voices. Findings reveal that high speech rates and unnatural pitch reduce per-
ceived trustworthiness and warmth. Although the original study didn’t target
users lacking basic skills, we adapted these prosodic insights into a simplified
tone-of-voice questionnaire in Dutch and English to evaluate perceived voice
quality for our target group.

The Mijke chatbot builds on existing work by adding voice interaction and a
match validation system for users with limited reading and writing skills in the
Dutch context. This work in progress study outlines the technical and method-
ological foundation of Mijke’s ongoing development, contextualizes it within
broader efforts toward digital inclusion, and shares insights from early imple-
mentation.

2 Method

The upcoming evaluation phase will adopt a mixed-methods approach to collect
both quantitative and qualitative data. This includes a short version user ex-
perience questionnaire (UEQ), a tone-of-voice assessment, and semi-structured
interviews. These instruments are designed to capture user perceptions of clarity,
trust, and comfort in multimodal interaction.

In response to previous user testing, the voice-enabled interaction was also
designed to support multilingual input. While not the primary focus of this
study, Whisper’s built-in multilingual capabilities enable users to speak in several
languages beyond Dutch. This feature was particularly relevant during earlier
pilots. Although Mijke’s chatbot is primarily designed for NT1 users (Dutch
native speakers) with limited literacy, due to recruitment challenges within this

134



Enhancing Accessibility and User Experience for Multimodal AI Chatbot

group, some pilot testing was also conducted with NT2 users (Dutch as a second
language), who expressed a preference for speaking in their native languages.
The development of the enhanced Mijke chatbot follows a three-part method-

ology:

1. Voice-Enabled Interaction Layer A voice-enabled interaction layer was
implemented to increase accessibility. The system uses OpenAI’s Whisper API
for speech-to-text transcription®, enabling users to speak their requests through
WhatsApp. Responses are returned in both text and audio formats, using Ope-
nAT’s text-to-speech API. This multimodal setup was informed by previous user
testing, where participants expressed that receiving both spoken and written con-
tent simultaneously made information easier to understand and reduced stress.
One participant noted that hearing the message while reading helped them pro-
cess information faster and with greater confidence.

Although third-party APIs were used in this prototype, the development fol-
lowed GDPR principles, with anonymized processing and secure message han-
dling. Audio was streamed for transcription and synthesis but not stored, and
no personal data was retained. Ethical approval was obtained from the Ethical
Review Board at Eindhoven University of Technology. For future deployment,
EU-hosted or on-device alternatives will be explored to enhance data sovereignty.
An internship developer implemented this feature under the lead researcher’s
guidance, integrating user feedback to reduce barriers for text-only interaction.

2. Multimodal Conversational Flow Design The conversational flow sup-
ports both voice-enabled and text-based input and output. It incorporates con-
firmation prompts and feedback checkpoints to enhance clarity and reduce con-
fusion, especially in cases of transcription errors or ambiguous input. While the
current evaluation focuses on Dutch-language interaction, the design accounts
for language flexibility, improving onboarding instructions and inclusivity for
diverse user groups. These design intentions are informed by best practices in
multimodal chatbot design [5], particularly the emphasis on task-oriented flows
and minimizing user uncertainty. As of writing, the updated version of the flow
has not yet been evaluated with end users.

8. Match Accuracy FEvaluation Process € Tone of Voice Evaluation
We are developing a process to evaluate Mijke’s quality in matching users with
services. This process focuses on intent recognition, referral relevance, and re-
sponse clarity. It is based on service request patterns and conversation flows,
refined through expert input and testing. The goal is to establish a practical
baseline for assessing Mijke’s service matching capabilities in real-world con-
texts.

In parallel, user perception of tone of voice is evaluated using a lightweight
questionnaire adapted from prior MOS-related research [12,13]. The tool in-
cludes simplified language and visual cues to support users with low literacy,

3 https://openai.com/index/whisper/
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and it focuses on perceptual qualities including intelligibility, naturalness, voice
preference, and tone appropriateness. It is designed to be low-barrier and ac-
cessible for the intended user group, without replicating full psychometric rigor.
Given the exploratory nature of this research phase, its primary purpose was not
rigorous psychometric validation but to guide practical adjustments to Mijke’s
tone of voice for improved user trust and comfort. These two evaluation tracks
together offer insight into both functional precision and user experience quality.

3 Case Study: Pilot Implementation

An exploratory pilot session was conducted with a Dutch native speaker (NT1
user), who was recruited through the project partner organization. The par-
ticipant previously experienced low literacy but no longer identifies as such to
evaluate the naturalness and trustworthiness of the voice-interaction experience.
The session combined task-based interactions with think-aloud reflection. The
participant was encouraged to use voice messages. The participant ask for tax-
related information and received spoken responses with accompanying text.
Key insights from the pilot study:

— Voice felt more spontaneous but less controllable: The participant
appreciated the ability to speak directly, saying, “I think, okay, I’'m going to
go for it now,” but also noted they felt a bit more nervous than when typing.

— Multimodal response improves comprehension: They strongly valued
receiving both voice and text, stating, “While I listen, I can read along... I
understand the information way faster.”

— Tone of voice was generally pleasant but needed refinement: The
voice was described as “very nice,” but the participant suggested fewer ac-
cents and more natural breaks: “She can also breathe.”

— Desire for confirmation and reflection: The participant wanted Mijke
to confirm what was being asked, explaining, “It would be really cool if she
would still say this... that would show she understood my question.”

— Potential confusion from incomplete or overly generic answers:
There was concern about the risk of following advice of the steps of prepar-
ing documents that might not fit one’s situation: “I might be frustrated if I
followed her in the wrong... and I don’t even need this folder.”

— Social imagination of the chatbot: Interestingly, the participant reflected
on Mijke’s behavior like a person: “Maybe she’s getting a cup of coffee... she’s
on the toilet.” This highlights the human-like expectations users may project
onto Al

— Visual interface cues affect trust: A small detail like WhatsApp’s blue
check mark gave the participant the impression that the chatbot was trust-
worthy and “real,” suggesting that seemingly minor Ul elements may play a
surprisingly powerful role in shaping emotional connection and credibility.

These findings provide early validation of the multimodal setup while reveal-
ing actionable areas for refinement in voice interaction design, Al chat conversa-
tion flow optimization, confirmation mechanisms, and clarity of service guidance.
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These highlights also provide the initiative validation for large-scale user testing
procedure.

4 Future Work

The next project phase involves three main areas of focus:

1. Comprehensive user testing with users with lack of basic skills in the
Eindhoven region to assess interaction preferences, trust levels, and overall
accessibility.

2. Establishment of a quantitative match accuracy baseline, using the
custom evaluation process to systematically assess and refine Mijke’s service
referral logic.

3. Test and Improvement of the chatbot’s tone of voice, including re-
finements to speech pacing, prosody, and confirmation phrasing, guided by
further iterations of the tone-of-voice evaluation tool.

These efforts will ensure the chatbot not only performs accurately but also com-
municates in a way that feels trustworthy, inclusive, and easy to engage with.
Longer-term, we also anticipate expanding Mijke’s capabilities to support mul-
tilingual and cross-domain referrals, aligned with broader goals of inclusive, Al-
assisted public service navigation.
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Abstract. As family members become increasingly physically separated
due to work and educational commitments, maintaining a sense of con-
nection can be challenging. We developed an ambient awareness system
to facilitate real-time data collection and visualization. The system inte-
grates a mobile Android application for real-time step count collection, a
cloud database for synchronized data storage, and a web interface for vi-
sualizing step counts as ambient art display. By combining quantified-self
data with dynamic ambient displays, the system aims to provide a non-
intrusive way for users to be aware of family members’ status, thereby
enhancing family connectedness.

Keywords: Ambient awareness: Social connectedness.

1 Introduction

The transition to adulthood often involves young adults leaving their parents’
homes to pursue higher education or career opportunities, creating physical dis-
tance between family members [1]. This separation can lead to a decline in spon-
taneous interactions and shared experiences, making it challenging to maintain
a sense of connection [6]. As a result, there is a growing need for technologies
that support meaningful ways of staying aware of close family members without
disrupting daily routines.

Ambient displays have emerged as a promising solution by offering a non-
intrusive, aesthetically engaging means, enabling peripheral awareness without
demanding the user’s direct attention [7,4]. These displays are well suited for
keeping users aware of people or general states of large systems [7]. Research
has demonstrated the efficacy of ambient displays in keeping family members
informed of the health and activities of their relatives, thus enhancing social
connections and support networks (2, 5, 3.

In this study, we focus on enhancing family connectedness through the in-
tegration of quantified-self data and dynamic ambient displays. By collecting
real-time step count data from young adults via a mobile application and trans-
forming this information into dynamic digital art displayed in their parents’
homes, we aim to provide continuous, unobtrusive insight into the daily activi-
ties of family members, thereby strengthening the connectedness between parents
and their adult children living apart.
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2 System design

Our system integrates several key components to support interaction between
remote family members by combining mobile sensing, cloud data management,
web visualization, and sensor-based engagement tracking.

2.1 Mobile Android Application

On the young adults’ side, the interface is provided through a dedicated An-
droid application built in Kotlin. The application continuously monitors step
count data using the device’s native pedometer sensor. During initialization, the
application performs a sensor check to ensure data acquisition is possible and
immediately transitions into a foreground service. This design choice guaran-
tees that step data is captured seamlessly throughout the day without requiring
repeated user intervention.

2.2 Cloud Data Management

Step count data collected by the mobile app is transmitted to a cloud database
hosted on Google Cloud. Within this cloud environment, data is structured into
a dedicated collection, with each record associated with a unique user identifier.
This approach not only authenticates user entries but also maintains real-time
synchronization across devices, ensuring that the latest information is always
available for downstream processing.

2.3 Web-Based Visualization

For the parents’ interface, we have developed a responsive web application us-
ing HTML5 and JavaScript frameworks. This application takes the synchronized
step data and transforms it into three types of dynamic digital art. The visual
output is presented in a manner that emulates a framed painting, creating an
aesthetically engaging display in the home environment. Users can enter a spe-
cific user ID to access personalized visualizations, which are refreshed at regular
intervals to reflect the most recent data.

2.4 Sensor-Driven Engagement Module

To further enrich the user experience, a supplementary hardware module is in-
corporated. This module, managed by an Arduino microcontroller, integrates
two types of sensors. First, an NFC module enables users to change the visual
presentation by scanning uniquely tagged NFC cards, each corresponding to a
distinct art style. Second, a PIR motion sensor continuously monitors the phys-
ical presence of a user in front of the display. Both types of interaction, whether
triggered by an NFC scan or detected motion, are logged with timestamps. These
logs are then synchronized with a central system to allow detailed analysis of
user interaction with the display.
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3 Experiment

We plan to conduct a field study involving pairs of parents and children (young
adults), where the parents reside in one city, while their young adult children live
in different cities. The children will use the mobile application to continuously
record real-time step count data. Parents will interact with the responsive web
interface that transforms these data into dynamic digital art, offering them a
subtle yet continuous visual insight into their children’s daily activities. This
study has been approved by the university ethics board.

The study will assess both objective system interaction and subjective user
experience. Objective measures will include interaction logs, such as the fre-
quency and duration of viewing different visualization types. Subjective assess-
ment will be conducted through surveys and interviews, capturing participants’
perceptions of the system’s usability, engagement, and impact on their sense of
connectedness.

4 Conclusion

This study takes important strides in promoting social connectedness between
parents and their young adult children living apart by introducing an ambient
display that visualizes quantified-self data through art. The quantified-self in-
formation of step count was selected because. Using real-time step count data
collected from children’s smartphones, we have developed a system that provides
parents with dynamic, continuously updated visual feedback. As this research
unfolds, we anticipate that the insights gained will inform the development of
future ambient displays, ultimately enriching social interaction and deepening
familial bonds.
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Ambianti develops high-tech building materials, combining cutting-edge dig-
ital intelligence, inventive minimalism and the flexibility of conventional building
construction. Ambianti’s mission is to reform architecture and industrial design
by materializing innovative concepts, which integrate seamlessly into the estab-
lished processes of the building sector and emancipate the way people interact
with indoor environments. A number of proprietary advances in software, hard-
ware and industrial design make it possible to realize the company’s mission
starting today. Patents pending.

Ambianti was founded in 2012 in Eindhoven, the Netherlands, by an inter-
national team of engineers, scientists and experts who share the same vision and
passion: to make ambient technologies part of everyday life. Ambianti brings
together diverse, high-level academic backgrounds, professional expertise and ex-
tensive work experience in engineering, computer science, architecture, building
construction and industrial design.
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We offer students and staff an international and academic, in other words
intellectually stimulating, study and working environment that will inspire them
to broadly-based personal development, social and cultural engagement and an
entrepreneurial attitude. We are shaping a new discipline: designing and creat-
ing intelligent systems, products and related services. We combine cutting edge
research in several domains to educate a new type of engineer.

Our industrial designers create connected solutions, combining products and
services to suit individual needs. Both students and researchers can work with
all stakeholders, customers and producers alike, who are not only involved, but
are also essential contributors to the future sustainability of our world. Their
role will be to mediate the developments in technology, the needs of people
(culture & society) and the responsibility for properly using the power of ideas
and values.
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