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A B S T R A C T

The rise of lifestyle-related, non-communicable diseases such as Type II diabetes, cardiovascular diseases, and 

depression has prompted the development of various behavior change technologies to promote sustained healthy 

behaviors. User adherence, however, has remained low.

The Collaborative Hybrid Intelligence Platform CHIP is introduced to address adherence challenges by placing 

the user perspective at the center and facilitating dialogue-based interactions between users and their technical 

and non-technical support systems—including AI systems, clinicians and caretakers. These interactions aim to 

uncover barriers to adherence and collaboratively shape personalized lifestyle plans that align with a person’s 

preferences, values, and context.

CHIP is a microservice-based research platform written in Python with modules implemented as Docker 

containers. Its modularity allows researchers to replace or adapt specific components, such as natural language 

reasoners, for technical evaluation and domain-specific adaptation.

Metadata

Code metadata.

Nr. Code metadata description Metadata

C1 Current code version 0.0.1

C2 Permanent link to code/repository used for this code version For example: https://github.com/hybrid-intelligence/CHIP

C3 Permanent link to Reproducible Capsule

C4 Legal Code License Apache License V2

C5 Code versioning system used git

C6 Software code languages, tools, and services used python, javascript, docker engine, redis

C7 Compilation requirements, operating environments & 

dependencies

git, docker engine

C8 If available Link to developer documentation/manual

C9 Support email for questions f.den.hengst@vu.nl

1 . Motivation and significance

The global increase in chronic diseases—including Type II diabetes, 

cardiovascular disease, and depression—presents significant societal 

challenges [1,2]. Although the specific etiologies and management 

strategies vary between conditions, behavioral changes to lifestyle 

factors such as diet, physical activity, and stress management are widely 

recognized as primary means for prevention, management, and even 

remission of many of these persistent health conditions [3–5].

Adherence to lifestyle modifications remains challenging in prac­

tice [6–10]. Previous research suggests that lifestyle recommenda­

tions should be highly personalized, incorporating the patient’s unique 
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Fig. 1. System architecture. The system consists of six interconnected modules implemented as docker containers. These modules can be selected and configured from 

a library of existing modules based on the researchers’ needs. The user specifies the configuration in modules.yaml and runs a command using the chip.sh script. 

This script generates the docker-compose.yaml and launches the docker containers.

context, preferences, and values to promote adherence and thus facili­

tate lasting beneficial health outcomes [11–14].

AI-driven lifestyle support technologies, in particular those based 

on machine learning, have long been recognized as promising means 

of offering individuals tailored support in their behavior change 

trajectories [15,16]. Although promising, most approaches in practice 

have tended to consider behavior change primarily as an individual en­

terprise, neglecting environmental factors such as community norms, 

affordances such as healthy food options, and social support [17]. 

Failing to incorporate a person’s surrounding social and cultural envi­

ronment, and neglecting the influence of family members, caretakers, 

and clinicians on the success of someone’s behavior change trajectory, 

has led to low user adherence to technological behavior change support 

tools, thereby limiting their real-world effectiveness.

Another obstacle of existing technologies has been their lack of trans­

parency. Many existing systems operate as opaque “black boxes” that 

deliver recommendations without grounded explanations, thus eroding 

user trust and sustained engagement [18–20]. Some explainable systems 

exhibit limited adaptability and provide generic advice that does not res­

onate with diverse patient populations [21]. Furthermore, a common 

architectural limitation is an insufficient grounding in symbolic rea­

soning, which complicates the interpretation and clinical justification, 

and limits compliance with European guidelines such as the Healthier 

Together NCD initiative [22].

The Collaborative Hybrid Intelligence Platform (CHIP hereafter) 

aims to address these critical gaps with a hybrid intelligence ap­

proach. By combining the scalable adaptivity of machine intelligence 

with human input from patients, caregivers, and clinicians, the open 

source software we present here aims for collaboration and patient-

centered decision-making. CHIP’s core strength lies in interpretable 

decision- making through the construction and maintenance of knowl­

edge graphs [23]. Specifically, it uses a general domain knowledge 

graph for health and lifestyle information, along with a user-specific 

knowledge graph for individual context, values and preferences [24].

When end users interact with CHIP through its chat interface, the 

user-specific knowledge graph is updated dynamically. This way, CHIP 

can learn preferences through its user interactions, allowing the reasoner 

to make recommendations that align with the advice of professionals as 

well as with the patient’s preferences and personal context.

CHIP uniquely serves as a platform for rapid prototyping and evalua­

tion of modular decision-making hybrid human-AI pipelines in research. 

Related research platforms focus narrowly on either dialogue with­

out any hybrid human-AI decision-making [25–28], or focus on hybrid 

human-AI decision- making without involving knowledge graphs and 

without prioritizing interpretability and reasoning correctness [29,30]. 

CHIP fills this gap by providing a rich and extensible platform for study­

ing the effectiveness of explainable and hybrid AI in lifestyle support 

with a modular design.

2 . Software description

2.1 . Software architecture

CHIP is built as a modular and containerized system that facili­

tates deployment across environments. Fig. 1 provides a visualization 

of the different modules and their default implementation following 

a microservice architecture wherein each microservice is an indepen­

dently deployable, modular service that performs a single function and 

communicates with other services through well-defined, lightweight 

APIs [31].

The architecture comprises six core modules, each encapsulated as 

an independent Docker microservice. Table 1 lists the interfaces for each 

module. The modules communicate via HTTP endpoints and are orches­

trated using an orchestration script called chip.sh which interfaces with 

Docker Compose. Together with a modules.yaml configuration file, this 

script enables the easy start, stop, and reconfiguration of the system with 

minimal overhead costs. Each module further contains a compose.yaml
file which specifies its Docker container.
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Fig. 2. Quasar-powered default implementation of the user-facing front-end with a dialogue capability (left) showing a constructed, illustrative dialogue and an 

interactive visualization of the current state of the knowledge graph (right).

Table 1 

Interfaces for each component.

User Interface

Accepts Description Returns Description

str patient input JSON patient name, 

sentence, timestamp

Knowledge Extractor

Accepts Description Returns Description

JSON patient name, 

sentence, timestamp

JSON sentence data, SPO 

triple

Reasoner

Accepts Description Returns Description

JSON sentence data, RDF 

triple

JSON sentence data, query 

result data, query 

result type

Knowledge Store

Accepts Description Returns Description

SPARQL query str query result

Accepts Description Updates Description

SPARQL RDF triple insertion knowledge inserts a new RDF 

triple

Response Generator

Accepts Description Returns Description

JSON sentence data, query 

result data, query 

result type

str natural language 

response

Logger

Accepts Description Updates Description

log entry message, severity file centralized log

CHIP runs on any OS or cloud infrastructure that supports Docker 

Compose and bash, including all major cloud providers and Linux dis­

tributions, macOS and Windows OS (via WSL2), ensuring portability 

and scalability. Each core module encapsulates a distinct functional 

component and comes with an open source default implementation to 

ensure that the system can be used out-of-the-box without proprietary 

dependencies.

2.2 . Software functionalities

User interface. A web-based front-end supports chat-based dialogue 

with end users and real-time visualization of the agent’s knowledge 

graph as exemplified in Fig. 2.1 The intuitive chat interface is currently 

targeted towards the person receiving lifestyle support, but can in the 

future also be used to interact directly with clinicians, caretakers, and 

the social network of the patient. The default implementation is based 

on Quasar  [32], which offers efficient cross-platform deployment, a rich 

set of responsive UI components, and seamless integration with real-time 

data sources.

Knowledge extractor. This module converts free-form dialogue text 

into a knowledge graph format i.e., subject-predicate-object triples in 

RDF [33]. The default implementation uses predefined rules and Natural 

Language Processing (NLP) techniques.

Knowledge store. A repository for all data within CHIP, including the 

domain and user-specific knowledge graphs in an RDF database. The 

default implementation is based on GraphDB [34] and comes with 

knowledge about Type II diabetes.

Reasoner. This component determines whether to ask a question or 

provide lifestyle advice. We provide a basic reasoner based on SPARQL 

1 The knowledge graph visualization is for testing and demonstration purposes 

only and can be hidden during experiments.
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Fig. 3. Overview of system modules.

queries with SWRL rules by default [35,36]. More advanced approaches, 

for example those that actively assess and improve the quality of their 

knowledge through conversation by either reinforcement learning or 

logic-based reasoning, are possible as well [37,38].

Response generator. This module synthesizes a coherent and natural-

sounding response based on the structured response provided by the 

Reasoner. Responses are either questions for clarification or preference 

elicitation, or statements such as answers to user questions, expla­

nations, and suggestions. The default implementation consists of a 

conversion of the structured response into a basic sentence structure us­

ing a set of templates. Alternatives are based on large language models 

(LLMs) Gemini2 or the Creative Commons-licensed MedAlpaca [39,40]. 

These LLM alternatives take into account the conversational context and 

produces sentences that are contextually aligned with the flow of the

conversation.

Logger. This module can be used to analyze user engagement, evaluate 

the effectiveness of different dialogue strategies, and study how the sys­

tem’s reasoning affects adherence. The default implementation is based 

on Python’s logging module.

3 . Illustrative example

In this section, we demonstrate the usage of the system from the per­

spective of a researcher aiming to study a particular research question. 

The researcher begins by executing the chip.sh utility to bootstrap the 

experimental environment: ./chip. This script generates the necessary 

configuration infrastructure (Fig. 3).

First, the script generates a core-modules.yaml file, which defines 

the active microservice implementations for each component listed in 

Fig. 1 and Table 1 as follows:

The system then generates a setup.env file for each module, link­

ing to its respective network endpoint using naming conventions. This 

ensures that services can resolve each other within the containerized net­

work. Thirdly, the script creates local configuration files for each module 

based on a version-controlled configuration template. This enables the 

2 Gemini requires access to a proprietary API. All default implementations 

come with open source licenses; for a full list, see https://github.com/hybrid-

intelligence/CHIP/blob/main/DEPENDENCIES.md.

researcher to change local parameters such as API credentials without 

modifying the global source code.

The researcher can now launch the services by executing the follow­

ing command:./chip start. This command generates and updates the 

required configuration files for all modules, ensuring that the system’s 

components can interact as required. It also launches the interlinked 

Docker containers based on the generated configuration, and serves the 

UI so that the researcher can visit the specified URL to be presented with 

the UI in Fig. 2.3 Depending on the specifics of the research questions 

involved, one or more modules from Fig. 1 can be altered while the other 

modules remain intact.

Consider an example research question about the performance of 

an LLM-based reasoner.4 A response generator based on an LLM can 

be added as a new module by creating an API endpoint /process
that accepts data from the reasoner and passes it into the new re­

sponse generator. Creating this module is a matter of implementing 

the code in Listing 1, which contains only code to generate an LLM-

based response, along with a minimal amount of boilerplate code to 

link to the correct internal API calls following the microservices de­

sign philosophy. Conducting an experiment with the updated module 

now only requires updating one of the values in the above-mentioned

modules.yaml configuration file.

4 . Impact

CHIP’s main impact lies in enabling and facilitating the study of vari­

ous hybrid intelligence research questions. Broadly speaking, CHIP helps 

in answering two types of research questions: technical and empirical 

research questions.

4.1 . Technical research

Under the heading of technical research we subsume algorithmic 

innovations involving user preferences, dialogue, knowledge represen­

tation, explanations, and reasoning. A major enabler of this type of 

research is the platform’s modular microservice-based design, allowing 

for components to be exchanged to study their effects.

CHIP has been used to develop an AI-based diabetes lifestyle manage­

ment support prototype [24], and to show how to integrate dialogue, in­

formation extraction and reasoning in hybrid intelligence systems [42]. 

A recent study on dialogue-based knowledge acquisition has used the 

CHIP knowledge base to show that an agent can learn effective policies 

for acquiring knowledge about a user’s preferences by assessing its cur­

rent knowledge in tandem with adaptively determining the effectiveness 

3 By default, the web interface can be reached at http://localhost:9000.
4 A note of caution with this example, as the use of LLMs in healthcare is still 

under debate [41]. The example illustrates that CHIP offers the infrastructure to 

study how to use LLMs responsibly.
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Listing 1. Example module in CHIP: an LLM-based response generator.

of several generic knowledge-acquisition capabilities during interactions 

with users [37].

Detecting potential instances of deception and self-deception is an­

other challenge that has already benefited from CHIP. This line of 

research is concerned with flagging when someone is not reporting truth­

fully about their physical activity or diet. In this area, Koot and van 

Paridon [43,44] used CHIP to study the detection of deception in dia­

betic patients, while Madaras [45] compared empathetic and affirming 

interventions to address the sources of deception.

CHIP has furthermore been deployed to compare the efficacy and 

flexibility of various knowledge representation, engineering and expla­

nation approaches [46]. Specifically, CHIP has been used to compare 

approaches to extract knowledge structured as RDF triples from natural 

language text by comparing various Knowledge Extractors [47].

CHIP is envisioned to support studies into dynamically updating pref­

erence rankings from a mix of behavioral data and natural language 

interactions using techniques from machine learning [48], particularly 

reinforcement learning  [26]. For example, can mobility and weather 

data be combined to generate hypotheses about a person’s activity pref­

erences, e.g., “[user] likes cycling, except when it is pouring.” Such 

hypotheses could be subtly tested in conversation, e.g., “It’s sure coming 

down at the moment. I wouldn’t want to be caught in this kind of 

weather, would you?”.

Another line of inquiry pertains to the integration of heterogeneous 

viewpoints from multiple stakeholders. In hybrid intelligence settings, 

conflicting viewpoints and advice at various levels of detail are in­

evitable: a dietitian can recommend a high-level dietary strategy such 

as ‘portion control,’ while a general practitioner may emphasize limit­

ing the intake of refined sugar. At the same time, daily caregivers might 

hold the opinion that neither process will be successful unless a daily 

routine is established and awareness is created about how food intake 

affects blood sugar levels. CHIP can help study how to weigh and resolve 

different viewpoints, and how to select the right stakeholders to acquire 

certain information.

The last set of technical questions we highlight relates to reasoning, 

for example, about dealing with inconsistencies in a user’s medical or 

behavioral history [49]. Hybrid human-AI reasoning strategies might 

help to effectively use the breadth of knowledge available in a patient’s 

wider support network, but designing such strategies remains largely 

an open research question [50,51]. To study such strategies, the default 

reasoner can be replaced by a reasoner using, e.g., default logic to draw 

tentative conclusions based on imperfect information about the users’ 
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preferences and context, enabling comparative research on automated 

decision-making logic.

4.2 . Empirical research

CHIP also supports empirical research, particularly HCI studies in­

volving human subjects. First, the technical innovations discussed in the 

previous section might be evaluated with actual end users, e.g., to see 

whether novel reasoning techniques actually lead to better recommen­

dations. Moreover, CHIP can be used to study how trust in the system 

and treatment adherence are affected by factors such as the actual or 

perceived involvement of other stakeholders [52] or the availability of 

explanations of recommendations [53]. Likewise, the incorporation of, 

e.g., personas and response styles can be studied by replacing the de­

fault implementation of a response generator with a consistent persona 

or, in contrast, one that tailors the style of its outputs to the user based 

on feedback signals.

There are also empirical questions around the effectiveness of dy­

namically generated explanations that are adapted to a user’s level of 

understanding and style of engagement [54]. Likewise, CHIP lends itself 

well to conducting user studies on how particular types of recommenda­

tions affect people’s self-efficacy [55,56] and self-determination [57,58]. 

Such studies are particularly relevant as empirical input to discussions 

around the ethics of (automated) health coaching, for example with re­

spect to how such systems might affect personal autonomy [59] or (self-

)stigmatization [60]. These ethical dimensions will become increasingly 

important as the public interest in virtual coaching grows [61].

4.3 . Application scope

The initial idea for CHIP was conceived in the context of lifestyle 

support for people dealing with chronic illness, specifically Type II di­

abetes [24,42]. However, CHIP has been designed to be reusable for 

different domains from the start of development. This design choice 

ensures its potential impact is maximized, as its modular architecture 

allows researchers to replace the default domain knowledge in the 

Knowledge Store with knowledge about smoking cessation, stress reduc­

tion, or other domains, making it a flexible platform for various other 

hybrid intelligence research questions.

5 . Conclusions

CHIP offers a modular platform for hybrid intelligence research 

into behavior change. Through its modular architecture and focus on 

symbolic reasoning strategies, the software aims to facilitate human-AI 

co-reasoning for complex, personalized health decisions that lead to bet­

ter user adherence and overall more effective and sustainable behavior 

change interventions.

Going forward, the software itself will undergo continued improve­

ment. The primary focus will lie in growing the suite of available 

components to expand CHIP’s capabilities. Planned upgrades include 

improved interoperability with external platforms, for example by con­

suming a user’s data streams about a user’s behavior, including data from 

the users’ calendar, fitness trackers, nutritional apps and sleep monitor­

ing devices. Future development will also prioritize support for different 

kinds of user interactions through existing smartphone apps such as 

Signal by utilizing their APIs.

CHIP is backed by a national consortium consisting of a translational 

research institute and several universities committed to advancing open 

science and responsible innovation. This backing ensures the software’s 

ongoing development and use in scientific projects. By releasing the soft­

ware to the wider public, the project explicitly aims to create and foster 

an open community of researchers, developers and practitioners beyond 

the core consortium. Such a community-driven model is expected to not 

only stimulate collaborative innovation and cross-domain knowledge ex­

change, but also enhance the long-term viability and maintenance of 

the project. Building the software as open source is further intended 

facilitate the reproducibility of research results and to accelerate the re­

finement of system components. The hope is for the platform to become 

a shared research infrastructure that advances the scientific study and 

implementation of hybrid intelligence behavior change technologies.
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