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1. eBRAIN-Health 

The Project eBRAIN-Health will deliver a distributed research platform for modeling and simulating 
complex neurobiological phenomena of human brain function and dysfunction in a data protection 
compliant environment. It will provide thousands of multilevel virtual brains from patients and healthy 
human controls for research and innovation. Brain data from multiple sources will be pre-processed. 
Solving the societal grand challenge of dementia is a big task. Yet it appears feasible in a collective 
approach. Therefore, we will build an interdisciplinary digital twin for dementia for modeling and 
simulating complex phenomena at the service of research infrastructure communities. eBRAIN-Health-
Cloud will offer end-to-end services for personalized complex brain modeling and simulations in 
distributed e-infrastructures with data protection by design and by default and simulation-ready 
human multiscale brain data that range from molecular (genomics, proteomics, metabolomics) and 
cellular to electrophysiology and imaging to behavioural, clinical, life-style and environmental data as 
well as data from wearables. Brain data are pre-processed and annotated such that they all relate to a 
common reference 3D brain space.  
eBRAIN-Health-Cloud constitutes a blend of three large-scale research programs: the FET Flagship 
Human Brain Project with its EBRAINS Research Infrastructure, the EOSC project Virtual Brain Cloud 
with its Virtual Research Environment for sensitive data and the H2020 project AI-MIND with intelligent 
tools for dementia risk estimation. The project will have synergies to topics of the Digital Europe 
Program, such as artificial intelligence, cybersecurity and supercomputing and the Health Data Space.  
 
eBRAIN-Health-Cloud offers a next generation clinical research infrastructure and creates an open yet 
protected space for groundbreaking digital health innovation by the research infrastructure 
communities comprising academia and the private sector. 
 

2. eBRAIN-Health consortium 

● CHARITE – Universitaetsmedizin Berlin, Germany 
● EBRAINS, Belgium 
● Forschungszentrum Juelich GmbH, Germany  
● Stichting Radboud Universiteit, Netherlands 
● Universidad Pompeu Fabra, Spain 
● OSLO Universitetssykehus, Norway 
● tp21 GMBH, Germany 
● Fraunhofer Gesellschaft zur Foerderung der Angewandten Forschung eV, Germany 
● INDOC RESEARCH EUROPE gGmbH, Germany 
● Universitaet Wien, Austria 
● Universidad Complutense de Madrid, Spain  
● EODYNE Systems SL, Spain 
● ATHENA – Research and Innovation Center, Greece  
● University of Oslo, Norway 
● Universita degli Studi di Roma la Sapienza, Italy 
● Alzheimer Europe, Luxembourg  
● Institute National de Recherche en Informatique et Automatique, France 
● Centre Hospitalier Universitaire Vaudois, Switzerland 
● The University of St Andrews, United Kingdom 
● Eidgenössische Technische Hochschule Zürich, Switzerland  

   Find the partners on our website Find the partners on our website 

https://ebrain-health.eu/consortium.html
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3. Introduction 

This document constitutes Deliverable D9.4, "Demonstrator intervention," produced within the 
framework of Work Package 9 (Use Cases) for the eBRAIN-Health project. The overarching ambition of 
the eBRAIN-Health platform is to provide actionable, multi-level health data and digital brain twins to 
support personalized decision-making in dementia prevention, diagnosis, and therapy. Within this 
context, the primary objective of this demonstrator is to showcase the translation of complex, 
simulation-based prognostics into tangible, personalized cognitive training interventions for patients. 

Specifically, this deliverable reports on the outcomes of Task 9.6 (Personalized patient interventions 
for cognitive training), detailing the deployment and continuous refinement of the Rehabilitation 
Gaming System (RGS). By leveraging the RGS Ecosystem and its Medical Information Management 
System (MIMS), this demonstrator illustrates how clinical personnel can utilize the eBRAIN-Health 
platform to prescribe, monitor, and dynamically adapt critical treatment decisions (including exercise 
modality, timing, intensity, and dosage) based on real-time performance data. 

As a stand-alone demonstrator report, D9.4 builds directly upon the foundational interface 
developments previously detailed in Deliverable D7.2 ("Patient and clinical user applications"). While 
D7.2 focused primarily on the design, usability, and initial deployment of the patient-facing RGS+ 
applications and the clinical MIMS dashboard, this current deliverable shifts the perspective toward 
the closed-loop clinical integration of these tools. 

Consequently, the activities detailed in this demonstrator impact the broader eBRAIN-Health 
ecosystem in two specific ways: 

Clinical data feedback loop: To successfully close the loop between clinical intervention and 
predictive modelling, the RGS systematically collects usage and performance data from 
patient sessions. This clinical data provides essential feedback to inform and improve the 
diagnostic and prognostic brain models operating within the broader eBRAIN-Health 
platform. 

Infrastructure sustainability: To ensure the long-term sustainability of the central infrastructure 
solutions and mitigate risks associated with third-party dependencies, the technical 
development strategy maintained a strict policy of exclusively integrating open-source 
software components and minimizing the overall software stack. 

Ultimately, this report details the transition toward fully automated, adaptive cognitive training 
interventions powered by advanced recommender systems, and outlines the user acceptance and 
validation studies that confirm the clinical viability of these personalized protocols. 

4. Partners involved 

The following consortium members contributed directly to the work reported in this deliverable: 
● Eodyne Systems SL (EODYNE): Lead partner for Task 9.6. 
● Alzheimer Europe (AE): Patient and public liaison. 
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5. Description of work performed 

During the final reporting period, activities in Task 9.6 focused on advancing the personalization and 
adaptability of cognitive and motor training interventions to continuously meet the evolving needs of 
patients. By deepening collaboration with clinical partners, the technical development team refined 
the back-end architectures and clinical interfaces to ensure interventions are engaging, clinically 
appropriate, and dynamically responsive to real-time performance. 
 
5.1. Refinement of the Medical Information Management System (MIMS) 

The Medical Information Management System (MIMS) serves as the secure, web-based clinical 
interface within the Rehabilitation Gaming System (RGS) ecosystem, accessible from standard 
computer or tablet browsers. To ensure secure handling of sensitive health data, MIMS implements 
role-based access control, ensuring that users interact with the platform according to their specific 
responsibilities, distinguishing clearly between healthcare professional roles and patient access. All 
patient-related data displayed through MIMS are managed and stored in secure cloud environments, 
maintaining compliance with strict data-protection requirements. 

During this reporting period, collaboration with clinical partners was deepened to refine MIMS into a 
more robust tool for continuous monitoring and prescription management. The system was enhanced 
to empower clinical personnel with the necessary tools to prescribe, monitor, and dynamically adapt 
training activities based on real-time performance data. 

Key functional areas refined for this demonstrator include: 

● Patient profile management: The system facilitates the creation and maintenance of patient 
profiles, allowing clinicians to securely enter baseline clinical scores and monitor data 
completeness across defined evaluation stages. 

● Performance and well-being monitoring: The interface provides structured summaries of the 
patient's recent assessments and longitudinal progress. This includes tracking therapy-derived 
telemetry, such as adherence and task-specific trends, alongside patient-reported outcomes 
like the emotional slider self-report, supporting a holistic clinical interpretation of patient 
engagement. 
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Figure 1: MIMS module to assign well-being self-reported questions. 

● Dynamic prescription management: Consolidating patient information and real-time 
telemetry allows therapists to make highly tailored clinical decisions. The refined interface 
provides clinicians with a clear overview of planned activities and functional domains, enabling 
them to seamlessly adjust rehabilitation programs and fine-tune critical parameters such as 
exercise modality, intensity, and dosage. 
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Figure 2: MIMS module to visually manage each patient’s prescriptions. 

 

5.2. Automated adaptive cognitive training 

A major technical focus during these final months was the transition toward fully automated, adaptive 
cognitive training interventions. 

5.2.1. Baseline parameter adjustments 

Existing activities within the Rehabilitation Gaming System (RGS) already incorporated parameter 
adjustments designed to maintain optimal difficulty levels for effective training. The RGS utilizes 
specific difficulty modulators that directly influence the patient's performance in completing assigned 
tasks. Historically, the difficulty of these exercises was calibrated dynamically to maintain an 
approximate 70% success rate. This baseline adaptation ensured that the tasks remained sufficiently 
challenging to promote engagement without becoming discouraging or overly simplistic for the 
patient. 
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Figure 3: Example RGS+ cognitive activity with automated difficulty adjustment. 

5.2.2. Integration of recommender system frameworks 

To expand upon these foundational capabilities and move toward full automation, recent efforts 
explored the integration of advanced recommender system frameworks. Utilizing such an approach 
aims to facilitate a deeper, more responsive level of personalization. 

Rather than relying solely on basic success-rate scaling, these advanced recommender frameworks 
seamlessly combine the overarching clinician criteria established in MIMS with continuous 
intervention performance metrics. The system evaluates the patient's real-time interaction and 
models how specific difficulty modulators impact their immediate performance and competence. By 
continuously analyzing this relationship, the system is able to automatically adjust the training 
parameters throughout the entirety of the patient's interaction. 

This automated feedback loop ensures that the cognitive interventions continuously adapt to the 
evolving capabilities of the patient, delivering a highly personalized rehabilitation experience while 
reducing the need for constant manual adjustments by clinical staff. 

6. Results 

The deployment of the personalized patient interventions yielded key outcomes in two primary areas: 
data integration and clinical validation. To successfully close the loop between clinical intervention and 
predictive modelling, the Rehabilitation Gaming System (RGS) systematically collected usage and 
performance data from patient sessions. This continuous stream of clinical data provides the essential 
feedback required to inform and improve the diagnostic and prognostic brain models operating within 
the broader eBRAIN-Health platform. Furthermore, user acceptance and validation studies, conducted 
in direct collaboration with patients, demonstrated the strong acceptability and clinical viability of 
these personalized training protocols. 
 
6.1. Clinical data feedback loop 

To successfully close the loop between clinical intervention and predictive modelling, the 
Rehabilitation Gaming System (RGS) systematically collected usage and performance data from 
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patient sessions. This mechanism serves not only to monitor immediate patient progress but also 
functions as the critical empirical foundation for the platform's advanced simulations. 

6.1.1. Data acquisition and telemetry  

During both clinic and home-based sessions, the RGS securely streams pseudonymized session data 
directly to the Medical Information Management System (MIMS). The system continuously captures 
a granular, moment-to-moment data trail of the patient's functional progress. The collected 
telemetry includes: 

● Real-time logging of task success rates, errors, and interaction speed across the cognitive 
training activities. 

● Tracking the dynamic fluctuations of difficulty modulators as the adaptive artificial-
intelligence algorithms respond to the patient's evolving capabilities. 

● Capturing session frequency, duration, and self-reported well-being scores to construct a 
comprehensive profile of patient adherence. 
 

6.1.2. Informing diagnostic and prognostic models 

The true value of this telemetry lies in its direct integration with the platform's overarching 
architecture. The clinical data gathered from these personalized interventions provides essential 
empirical feedback to inform and improve the diagnostic and prognostic brain models operating 
within the broader eBRAIN-Health platform. Rather than remaining isolated as standalone 
rehabilitation metrics, this data acts as a real-world grounding mechanism for the computational 
simulations. 

6.1.3. Iterative refinement of the digital twin ecosystem 

The eBRAIN-Health project aims to build an interdisciplinary digital twin for dementia, leveraging 
multi-scale brain data to simulate complex neurobiological phenomena. As patients interact with the 
cognitive training protocols over time, their longitudinal performance profiles supply the platform 
with continuous, structured data. This allows the system to evaluate how accurately the initial 
simulation-based diagnostics and prognostics predicted the appropriateness and outcome of the RGS 
intervention. By systematically feeding actual usage and performance outcomes back into the 
system, the project ensures that the underlying brain models and their subsequent clinical 
predictions are iteratively refined, validated, and improved. 

6.2. User acceptance and validation 

To ensure the clinical interventions met the actual needs of the target population, user acceptance 
and validation studies were conducted in direct collaboration with patients and their care networks. 
As previously documented from a usability and interface perspective in Deliverable D7.2, these joint 
activities demonstrated the strong acceptability and clinical viability of the personalized training 
protocols. 

6.2.1. Co-design workshop methodology 

A cornerstone of this validation effort was a half-day co-design workshop held on March 27, 2025, at 
the Moxy Luxembourg Airport hotel. Organized in collaboration with Alzheimer Europe's Public and 
Patient Advisory Group, the session engaged fourteen individuals living with mild cognitive impairment 
or early dementia, alongside eight caregivers. The workshop utilized interactive presentation software 
(Mentimeter), allowing participants to access pre- and post-interaction questionnaires seamlessly via 
QR codes on their mobile devices. 
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6.2.2. Validation of the Rehabilitation Gaming System (RGSweb) 

During the workshop, the clinical team provided a live demonstration of the full-body RGSweb 
platform, specifically testing the Gentle Giant and Twister Buddy activities. Participant feedback was 
structured around several key thematic areas: 

● User experience and game design: The activities were generally well received, with users 
reporting high levels of enjoyment, motivation, and emotional engagement. The Gentle Giant 
activity was perceived by participants as the most interactive game. Furthermore, Twister 
Buddy received positive feedback for allowing clear control over different body parts. The 
cognitive challenges embedded in the tasks, such as multitasking and attention demands, 
were also positively evaluated. 

● Safety and hardware requirements: Participants raised valid concerns regarding physical 
safety and fall risks associated with full-body movements, noting that these exercises should 
be conducted under therapist supervision. Regarding hardware, a large screen size was 
highlighted as an important factor for visual clarity and overall usability. 

● Onboarding and sensory feedback: While the control responsiveness was valued, the initial 
onboarding process and clarity of instructions were identified as areas requiring 
improvement. Additionally, some users noted that the background music could be 
distracting. 

● Social engagement: The presence of others during the exercises was valued by participants, 
leading to suggestions that the platform could evolve to support group use. 

When comparing these results to previous workshops, participants rated the RGSweb system as less 
complex and easier to learn than earlier augmented reality (AR) and non-AR iterations. Users also 
reported a reduced need for preliminary learning and higher satisfaction with the system's speed. 

6.2.3. Validation of the AI conversational chatbot 

The second half of the validation session focused on the prototype AI-powered conversational chatbot. 
The tool was introduced via a live, projected query, after which participants accessed the chatbot 
individually on their devices to explore its responses. Key insights from this testing included: 

● Interaction modalities: Participants highly recommended integrating a voice-based response 
option, provided that a text-based alternative remains available to ensure accessibility. 

● Tone and empathy: The system's empathetic, human-like messaging, such as the phrase 
"You are not alone", was specifically appreciated for making the chatbot feel less robotic and 
more supportive. 

● Terminology and inclusivity: The predefined role selection labels presented at the start of 
the chat were not well received, with specific criticism directed at the term "patient". 
Participants strongly recommended implementing more inclusive and user-friendly 
terminology to define user roles. 

● Localization and daily support: To improve usability and relevance, users suggested 
integrating local language resources rather than relying predominantly on English sources. 
Additionally, participants welcomed the prospect of the chatbot providing daily support 
through routine reminders for medications and appointments. 
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● Privacy considerations: To ensure the protection of sensitive health information shared with 
the chatbot, participants recommended utilizing non-disclosure agreements and collecting 
user emails. 

The quantitative usability scores and qualitative insights gathered from both systems have been 
systematically reviewed by the development team and directly inform the ongoing development 
sprints to refine the platform's clinical and patient-facing applications. 

 
Figure 4: Positive outcome of the workshop and demonstration session in Luxembourg, March 2025. Faces and names have 

been obscured for privacy. 

7. Conclusion, next steps 

Deliverable D9.4 successfully demonstrates the integration of personalized patient interventions for 
cognitive training within the eBRAIN-Health platform, fulfilling the core objectives of Task 9.6. Over 
the course of the final reporting period, the consortium advanced the Rehabilitation Gaming System 
(RGS) and its Medical Information Management System (MIMS) to empower clinical personnel with 
tools for prescribing, monitoring, and dynamically adapting therapies based on real-time data. A 
major technical achievement was the transition toward fully automated, adaptive cognitive training 
interventions, which integrated advanced recommender system frameworks to seamlessly adjust 
training parameters without requiring constant manual intervention. This established a robust, 
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closed-loop clinical environment where systematically collected usage and performance data provide 
essential feedback to inform and improve the overarching diagnostic and prognostic brain models 
operating within the platform. Furthermore, comprehensive user experience workshops conducted 
in collaboration with patients and caregivers confirmed the strong acceptability and clinical viability 
of these personalized protocols. 

As the eBRAIN-Health project has reached its conclusion, there are no further development steps 
within the scope of this specific grant. However, the outcomes of this task have been strategically 
designed to ensure long-term sustainability. To mitigate risks associated with third-party 
dependencies and support the central infrastructure solutions, the technical development strategy 
maintained a strict policy of exclusively integrating open-source software components and 
minimizing the overall software stack. This foundational approach guarantees that the digital twin 
ecosystem, the clinical interfaces, and the personalized intervention tools remain viable, secure, and 
ready for continued adoption and scaling by the broader research and clinical communities. 
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