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Abstract

Assembloid Agency proposes an open-source Unreal Engine API for interfacing
with brain-on-a-chip platforms [1]], where the API mediates between living neurons
cultured on high-density microelectrode arrays and simulated game environments.
Building on ’Organoid Array Computing: The Design Space of Organoid Intelli-
gence’ [15]], which speculates on a future where three-dimensional brain cultures
assemble into more complex cognitive infrastructures and hence may become in-
creasingly ‘designable’ and ‘playable’ organisms [2]. We extend this design space
to apply games design principles to context engineering for organoid intelligence,
treating organoids as polycomputational agents trained through reinforcement
learning [24]. Our proposed plugin exposes functions for stimulation, recording,
visualization, and real-time control of neuronal cultures within Unreal Engine
while providing various RL-based game templates as behavioral benchmarking
environments. This allows researchers to rapidly prototype experimental contexts,
whether using biological wetware, spiking neural networks, or EEG signals as
stand-ins. Game templates will be built on Unreal Engine’s Learning Agents plugin
to support single- and multi-organoid training scenarios.

Assembloid Agency embraces the dual embodiment of biologically engineered
intelligence [10]. Here, “assembloid” refers to assembling organoids into new
computational ecologies, while “agency” invokes not only the game engine as an
experimental agent, but also the negotiated play of agency between biological and
synthetic actors. By designing an API for game engines, we also anticipate the
possibilities of interdisciplinary applications across games, interactive experiences,
Al benchmarking, to architectural design, while foregrounding ethical and aesthetic
guardrails for organoid intelligence.

1 Unreal Engine API for brain-on-a-chip platforms

Recent advances in organoid intelligence (OI) have begun to merge neuroscience, bioengineering,
and computing, creating hybrid systems where living neural tissues function as adaptive information
processors. This convergence has given rise to a new field of biocomputing that reimagines what
counts as an intelligent or computational system. We propose developing an Unreal Engine API to
interface with brain-on-a-chip platforms, which specifically refer to 3D cultures of brain organoids
integrated with high-density microelectrode arrays capable of bidirectional electrical communication
[1]]. While originally developed for biomedical research, these platforms are now emerging as a novel
substrate for biological computing, known as OI [24]]. Pioneering work in this field by Cortical Labs
and researchers from Johns Hopkins University has demonstrated the potential of these OI systems
(12} 24].
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Building on recent breakthroughs, including FinalSpark’s NeuroPlatform [5] and Cortical Labs’
DishBrain project [[12]], we aim to extend traditional Al gameplay paradigms to incorporate living
neural systems. Our proposed Unreal Engine plugin will provide tools to: 1) record neuronal
activity in real-time 2) deliver targeted electrical stimulation 3) train living neurons within virtual
environments through reinforcement learning game templates. By creating an API that interfaces
with biocomputers like the CL1 and simulators such as NEST simulator [0, [11]], we enable a new
generative approach to game design that incorporates living neural networks directly into game
engines. This platform will allow researchers and developers to prototype organoid-based systems in
rich, interactive 3D environments.

2 Methodology and related work

In Sec. [2] we will discuss methodology and theoretical foundations of the project. We propose that the
API acts as a mediating membrane where biological and algorithmic agencies “contaminate” each
other [21]], dissolving model/reality divides and enabling distributed cognition across neurons, code,
and simulated space [[7].

2.1 Organoids as organisms of polycomputation

Prior work in ‘Organoid Array Computing’ establishes a framework for designing with Organoid
Intelligence (OI) [15]], proposing that brain organoids perform multiple simultaneous computations
through chemical, mechanical, and biological processes. These interconnected systems "form the
basis of a polycomputational system"[[15]. This perspective extends Bongard and Levin's paradigm of
biological polycomputation. As Bongard and Levin observe: "Biology is rife with polycomputing at
all scales." Often, a single substrate could perform multiple computational tasks simultaneously [3]],
for example, OI systems combine morphogenetic cultures, microelectrode arrays, vascular scaffolds,
and machine learning algorithms to create evolvable polycomputational agents.

Meanwhile, OI system architectures often depend on computational approaches stacked together,
such as physical reservoir computing, where the organoid itself functions as a neural network
layer [3]], as well as multiple layers of reinforcement learning, which has proven effective for training
organoids [[12]. As reinforcement learning operates recursively across many layers of an OI system,
it is apparent that a multilayered approach is necessary to mirror the poly-computational nature of the
biological substrate itself.

2.2 API as mediating membrane

The Assembloid Agency API is designed to be a bi-directional interface between the game engine
and neuronal cultures. The game engine delivers closed-loop electrical stimulation to organoids
via high-density microelectrode arrays based on dynamic gameplay feedback [[12]], while organoids
with neuroplastic spiking activities are mapped to reinforcement learning frameworks that reshape
observations and reward functions [[12, 5]].

Following Parisi’s framework, this membrane enables mutual "contamination" between biological and
algorithmic agencies, dissolving conventional model/reality distinctions. The system, then, demands
continuous renegotiation of fundamental reinforcement learning constructs: what constitutes state,
action, or reward is dynamically co-defined. This approach responds to the "model-in-the-loop"
paradigm which moves away from a linear understanding of neuroscience [22].

The interface between the organoid layer and the virtual environment enables agential fluidity.
Following Hutchins’ notion of distributed-cognition, cognition, much akin toBongard and Levins
poly-computational framework, is present across artefacts, environments, and bodies [[7]]. With this,
we also speculate that the API membrane facilitates the distribution of agency across scales.

2.3 Game Design as Agency Play

This approach draws on a tradition of using games as testbeds for artificial intelligence. Early
examples such as Tesauro’s TD-Gammon demonstrated that reinforcement learning through self-play
could reach superhuman levels in backgammon without explicit strategic programming [25]]. Two
decades later, DeepMind’s deep Q-network (DQN) achieved a major milestone by learning to play a



diverse set of Atari 2600 games directly from raw pixel inputs, using a combination of convolutional
neural networks, Q-learning, and experience replay [17]. The same architecture and hyperparameters
were applied across multiple games, establishing the Arcade Learning Environment as a standard
benchmark for general RL agents. AlphaZero combined deep neural networks with Monte Carlo Tree
Search to learn and master chess, shogi, and Go entirely through self-play, starting from random play
with only the basic rules provided, without any human game data or handcrafted domain knowledge
[23]]. OpenAl Five applied large-scale multi-agent RL to Dota 2, a partially observable, real-time
strategy game requiring coordination, long-horizon planning, and adaptation to novel tactics [20].

Recently, large language models have been adapted to play games without explicit RL training,
using in-context learning alone. In the Street Fighter III experiment [19], models received textual
descriptions of the game state and recent moves, then selected the next move in real time. Interestingly,
smaller, lower-latency models often outperformed larger ones, suggesting that reaction speed can
outweigh raw model capacity in time-critical domains. These experiments also surfaced failure modes
(hallucinating invalid actions, or refusing to play) that highlight the importance of grounding agents
in the constraints of their environment.

Placing wetware into this lineage reframes these Al benchmarks: the “policy” is not a set of weights
in silico but a living, plastic network whose synaptic configurations evolve in response to designed
feedback loops. By providing standardized game templates, reward schemes, and data pipelines, the
Unreal Engine API situates organoid intelligence within a comparative framework used for software
agents. This continuity allows for direct methodological borrowing, from self-play to reward shaping,
while extending the scope of what counts as an agent in game-based Al research.

3 Poly-computational layers of Assembloid Agency API

3.1 CL1/NEST

The proposed toolkit will be implemented in two parallel configurations to accommodate both
biological and simulated neural systems:
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Figure 1: Poly-computational layers between biocomputing systems and Unreal Engine. Example
biodirectional pipeline uses either CL1 or NEST Simulator. Arrow pairs show closed-loop symmetry:
neural spikes — game state (top arrows), and game rewards — neural stimulation (bottom arrows).

CL1 Integration. For biological computing, the plugin integrates with Cortical Labs’ CL1, a
neuromorphic platform where living neurons cultured on high-density microelectrode arrays process
information in real time through closed-loop electrophysiology. CL1 combines optimized cell
culture conditions, FPGA/ASIC hardware for millisecond-precision stimulation and recording, and a
Python API (CL-API) for bidirectional control [L1]. In their recent Nature Reviews Bioengineering
article, [Kagan| proposes that commercially viable devices such as CL1 could be used to benchmark
generalized intelligence abilities, such as navigating game environments.

NEST Simulator. For users without access to biological components, the plugin supports the NEST
Simulator (GNU General Public License v2) [6], a spiking neural network framework that replicates
large-scale neural dynamics in software. NEST includes templates such as Pong and provides a
lower-barrier environment for prototyping. Both CL1 and NEST share standardized interfaces within
our plugin: identical state/reward mappings, spike-to-game-action translation layers, and compatible
data protocols. This design ensures seamless transitions between simulated and biological systems
while preserving a consistent development workflow.
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