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Abstract 

Societal dynamics are increasingly driven by the encounter between humans and their artefacts, 

with AI (artificial intelligence) being a prominent actor in such a socio-technical 

phenomenology. Nonetheless, the desirable phenomenon of sustainable symbiosis between 

humans and AI is still hidden either from the scientific inquiry perspective, or from the 

normative, due to its novelty, ineffability, and complexity. 

In this work, a new scientific perspective is elicited with the proposition of a methodology and 

related technology that aims to a step-change in the discovery of principle deep implications 

and dynamics shaping the human-AI complex. The proposed methodology stems from the 

simultaneous apprehension of two epistemologies. The first is the usual epistemology of 

humans that uses digital realities as epistemic ground. The second is an epistemology of the 

machines, which can realize cognitive actors when they learn, ascertain, and control physical 

reality with causal models, and related affordances. This is achievable with a technology that 

materializes holons as intermediary and amphibian entities that straddle two realities and 

harness the emergence of a new hybrid phenomenon. Such an entity is conceived as an 

eigensystem that implements a relational transformation between algorithmic processes and 

causal dynamic representations. The holonic observer becomes a means for scientific inquiry 

that is in search of effective control of the social upheavals caused by the digital transformation 

era. A new modelling framework of AI-human symbiosis will result from the expected 

advances. 
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1 Introduction 

Hybrid Reality (HyR) consists of an environment in which real-world and virtual objects 

coexist, self-reinforce, and interact with one another (Perko, 2020). Such interaction currently 

allows both the parts of HyR, namely the physical and the digital, to extend their sensing, 

cognitive and inferential capabilities, whether they are humans or algorithms. In this scenario, 

several disciplines interact, and among them, a central role is played by Artificial Intelligence 

(AI) and technologies related to it. 

The risks for society in the HyR interaction have been already partially identified, but the 

unexpected is looming just behind the corner. A way in which AI can negatively menace society 

does not come from a futurological uncontrollable super-intelligence (Alfonseca et al., 2021), 

but from the risks associated with people's trust in the results of AI (Chen et al., 2021). Some 

risks might as well come from recent astonishing developments that have been reached with 

generalized few-shot learners (Wang et al., 2020), which, among many, can boast the 

impressive Generative Pre-trained Transformer (GPT-3) application (Floridi & Chiratti, 2020). 

Other risks might come from successful growing capabilities in self-learning of neural networks 

application of the new generation (Lyre, 2020), and new problems are in general connected 

with the collective behaviour of people and machines and their sustainable symbiosis (Saracco 

et al., 2021). Someday humans might not be able to keep up with the evolution of AI(s), and 

cognitive intelligence could be not the most important human trait in the end (Neubauer, 2021). 

Algorithms are social agents, and they provide society with information that is not part of the 

thoughts of anyone, but they enter the communication circuit and communication that is 

dependent on the presence of consciousness (Esposito, 2017). Machines with their Big Data 

and AI thrive on new realities that do not belong to human culture, ethics, and experiences in 

any way. What algorithms reproduce is not intelligence but communication, which might make 

society “smarter” (Esposito, 2017). This form of AI is today based on the protean nature of the 

HyR phenomenon. To understand this communication problem, a paradigm shift toward new 

epistemic models seems necessary, since existing approaches fail to capture the complexity of 

the undergoing HyR transition. 

The introduction of higher-order cybernetics lenses over the HyR problem can be of great help 

in modelling and understanding it. For example, Dobbe et al. (2021) claim that there is a need 

for the specification of requisite feedback modalities, in the second-order cybernetics context, 

for the socio-technical systems to achieve appropriate stability, and AI systems require a new 

lens that can see beyond technical practices.  

In the present work, the category theory is considered a key in governing stability in such 

second-order cybernetics systems. In addition, higher-order cybernetics call for recursion as a 

major mechanism for systems organization at the macro, meso, and micro levels (Yolles, 2021). 

The nature of recursive structuring of stable organized systems is well-known since Simon 

(1969), which vision inspired another widespread concept, that of the holon (Koestler, 1969; 

1970).  

In higher-order cybernetics loops, the holon can be the glue for recursively connected entities 

between hierarchy levels of a self-organized system of systems (Palacios et al., 2020). Another 

example of a holon is the fixed-point attractor state in which a cortical neural network is able 

to identify its own representations fed back to it as representations. As such, the holon 

implements the eigenbehaviour that generates an olfactory quale, resulting (emerging) from 

information cycled through a hierarchy of networks in a resonant state, as treated by Orpwood 

(2017). The holon can be proposed also as the entity that fills the gap in the creation of 
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representations in abstractions as foreseen by the Abstraction/representation theory (Horsman 

et al., 2014), and its extensions in which the representational agents can be endowed with holon 

properties (Fletcher, 2018).  

Standing on the previous context, in this work, the long interdisciplinary research program 

envisioned by cyberneticists, system thinkers, and cognition explorers is resumed and 

reinforced to answer an increasingly daunting research question:  

RQ: Are there viable and concrete technology paths towards the transformation of 

human-technology conflicts into symbiosis?  

The answer to this question is a tall order, extremely ambitious and difficult to satisfy. 

Nonetheless, a tentative plan can be developed, as enough interdisciplinary elements are already 

there on the table to be organized towards this goal, and being holon entities considered here as 

central elements. 

2 Purpose  

Due to the former research question, the purpose of this work will be to collect and highlight 

some of the existing and missing technological and methodological pieces to start a strong 

research program that would provide means for the organizing, controlling, and managing of 

the hybrid reality (HyR) phenomenon and related realms. 

A suitable technology can constitute an epistemic structure both from humans and machines, 

which is invariant across dynamic switches of symbolic representational levels in cybernetic 

holarchies. Piantadosi (2021) provides an example of such kind of invariants and their 

capability to move across different semantic contexts. What is desirable further, is a more 

general mechanism that can cover human and algorithm epistemologies at the same time and in 

a swift computable way depending on the local observer’s stance. The observer's problem is 

indeed the basis of the second-order cybernetics phenomenon, while in third-order cybernetics, 

the model of social recursive interaction among agents can be modelled as a self-developing 

poly-subject reflexive-active environment (Raikov, 2019; Lepskiy, 2018). In the higher-order 

cybernetics context applied to HyR, the core of the artificial cognition problem is to establish a 

framework for an artificial Self (Wang et al., 2018). The artificial Self for AI should be provided 

by crossing the limit between physical and artificial mental realities. But, in HyR the artificial 

Self is just a counterpart of the natural Self, to realize a deep, multidimensional, and 

multifaceted understanding of the HyR phenomenon.  

A paradigm shift towards new epistemic models seems necessary since existing approaches fail 

to capture the complexity of the transition to HyR. This calls for an instrument that enables new 

scientific inquiry. Such an instrument, like Galileo’s telescope, an endoscope for the surgeon, 

an oscilloscope for the engineer, or a deep space probe for the astrophysicist, would bring a 

new possibility for a transdisciplinary breakthrough and stance towards purposeful control of 

the HyR phenomenon, in which the human and the robotics usually come into conflict due to 

the differences in beliefs, intentions, and goals. 

The research project here pursued encompasses a paradigm, a set of methodologies, and a 

software tool implementing them. The purpose of technology to be achieved is to generate new 

scientific insight and further derived technologies for the socially responsible control of the 

HyR complexity. As such, the envisioned framework is in itself a circular reinforcing loop 

between science and technology, in a second-order science vision (Kauffman, 2017), which 

will feedback scientific and theoretic playground to achieve technology for control of the 
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phenomenon, and then autopoiesis of the HyR in the long term, as it should evolve into a self-

organizing “alive” entity.  

3 Method  

The searched second-order circularity is at the core of the methodology that strives to 

materialize the concept of eigenform and eigenbehvaiour of second-order cybernetics 

(Kauffman, 2017b) into concrete engineering and technology. Eigenbehaviours have been 

theorized since the 60s by Heinz von Foerster, probably influenced by the epistemological 

approach to autonomous learning from Jean Piaget. In essence, the eigenform is an entity that 

represents a stable reality object, which existence and stability is provided by the inseparable 

presence and contribution of an observer who enacts it to receive continuous confirmation of 

its being (Vörös & Bitbol, 2017). A stable living system has an eigenvalue, and when this occurs 

the metasystem–system couple has the property of eigenbehaviour enabling self-organisation 

even in a not perfectly known environment. 

The artificial or natural agent enaction in HyR can be seen as a transformation (limiting us here 

to linear eigenspace) of the function of querying (knowing) about being: “K(b)=λ b” where K 

is the act of knowing by querying the reality (sensing, learning, trying, etc.), and b is the formal 

vector of representation of being (having a contextualized local meaning). These eigenvalue (λ) 

problems are particular cases of fixed-point problems in mathematics. The solution to these 

problems typically does not exist in closed form, but the eigenform can render it immanent 

without explicit symbolic means of representation. As such eigenforms can materialize 

otherwise unformalizable, factual realities such as tacit knowledge, inner experience, qualia, 

etc. that remain invisible to classical scientific inquiry. Eigenforms capture practically the major 

and dynamic visions in constructivism like neurophenomenology since Varela and Merleau 

Ponty (Bitbol, 2021). An example of eigenform is an autonomous agent trying to be in control 

of the state of affairs; she/he/it has to experience equilibrium between the being (i.e, acting 

effectively in the environment) and knowing (i.e., having a suitable model of the environment 

to use it for the control, for self-organization, autopoiesis and autogenesis (Yolles, 2021). 

The holon, with its Janus effect, can handle the inner mechanics of the eigenform, having the 

role of capturing the emergence between two different realities (or representations). Holon can 

be thought of as a membrane separating two worlds, namely the digital and the natural. The 

implementation of holons is the technology that can handle the constructivist loops of reality 

eigenforms. These holons should capture the meaning of eigenforms and account for the causal 

relationships between a set and a society of them. Even if the eigenforms are unformalizable 

tokens of reality, still the holon can tag them and materialize out of it some Causal Loop 

Diagram (CLD), which is a basic but informative representation of complex systematic 

processes. CLDs are the first representational step toward more profound scientific inspection 

and analysis. Of course, CLDs are immediately understood by humans, while for machines they 

do not need graphical rendering but a list of edges and nodes. 

The envisioned technology is a software application with APIs (application program interfaces) 

that can be accessed both by machines and humans (for example accessed by other programs 

as a Web application, or XR applications). When it is in use, an agent has access to an embodied 

AI application that runs and thrives to self-organize in the targeted reality (either digital or 

physical). A stable state at runtime execution provides the equilibrium between being and 

knowing, which constitutes embodied existence in the concerning reality and its 

(unformalizable) meanings. This should be a tool for generating models of the HyR 

phenomenon. This software application is then an epistemic structure for accessing humans and 
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machines during causal and viably organized interaction. A form of possible output from this 

application can be the CLD drafted from Systems Dynamics (SD) framework.  

If Causal Loop Diagrams (CLD) graphs of SD are output from the application, symbols and 

loops are named and symbol-grounded by the application itself. Such models provide a prompt 

image of organization and stability: if the Reinforcing loops (R), with positive feedback that 

tend to produce instability, are not balanced from a corresponding number of B (balancing 

loops, with negative feedback), this is a detection (or even a measure) of disorganization. A 

disorganized system is doomed to blow up in the medium or long term. So, when it is the case, 

having such models permits us to construct control of it, by adding suitable negative feedback 

means.  

An example of CLD output is shown in Figure 1. The black elements in the picture are the 

classical output achievable using a descriptive framework, for example, a knowledge 

representation and reasoning framework using knowledge graphs and ontologies coupled with 

causal and Bayesian analysis tools (of course if automation of graph construction is desired). 

Figure 1: Causal loop diagram with (red) and without (black) as an output of the holonic 

application. 

 

 

 

By contrast, the red graphical elements in Figure 1 are the result of emergence handled from 

the holon considering eigenforms of second-order cybernetics, which act in the environment 

(digital or physical) to represent the non-representable in some sense. The application will 

handle these tokens of reality as EIG#1, EIG#2, etc., not trying to describe their meaning with 

some inaccurate interpretation but handling them as emergent entities and as wholes, using the 

holonic Janus effect.  

As an example, EIG#1 in Figure 1 captures some not easily definable autonomic behaviour due 

to AI advancements that increased both Social Responsibility and risks for society. Even if this 

entity is not easily definable in a consistent (without paradoxes) symbolic description, its effects 

mailto:info@irdo.si


On holonic observers of human-AI sustainable symbiosis 

 

 
17th IRDO International Conference, SOCIALLY RESPONSIBILE SOCIETY CHALLENGES 2022:  

Green, digital, and inclusive transition: how to make it happen? 

2−3 June 2022, Maribor, Slovenia, EU, ONLINE, www.irdo.si, info@irdo.si 

 

6 

are “real” and can be quantified with further modelling, measurements, and scientific 

deepening. Another case is the EIG#2 in Figure 1, which embodies a not well-identifiable (lest 

some further scientific insightful analysis again) but an unacceptable feature, from users’ point 

of view, that has been bundled with an upgrade of some commercial AI application or service.  

Former examples capture the methodological essence of the application that provides new 

insights into HyR reality that enables new scientific inquiry. 

The holonic technology can be based on recent research on principles of the extended relational 

model and category theory for representation and computing (Pirani et al., 2021; 2022). At the 

moment of writing, the most promising technological means to realize the holon application 

will consider the use of the Haskell language coupled with new Relational Model formalisms 

(Pirani et. al, 2022). The novelty is a tight coupling between the Haskell language and a new 

database manipulation language that extends the Relational Model into a recursively-type-

defined language that we call RRL (recursive relational language). Haskell is a language that 

allows the handling of functors and monads of category theory, and the RRL is used for the 

extensional realization of these monads, and so the eigenform objects of the two realities (the 

digital and the physical). These technologies are most promising to design the holons (and meta 

holons) that are necessary to handle the emergence effects across the boundaries of two not 

trivially connected realms. On purpose, an extension of the Relational Model is further to be 

made with a new model called the lazy relational model (LRM). The LRM realizes the always-

open knowledge on top and at the bottom that characterizes current promising architectures in 

a cyber-physical system of systems that follow a recursively open holonic approach for 

multiagent systems.  

In LRM, a database is a named set of schemas and database objects (relvars, triggers, and 

constraints) where “everything is a relation”. Similarly to society, every relation is the result 

of interactions in LRM-relational algebra and calculus. LRM considers not necessarily atomic 

the value types of a relation. The definition of a type is not immediately grounded. It can be 

deferred until the instantiation of related extensional parts that define it, which possibly depend 

recursively on other relations (Pirani et. al, 2021). The lazy relational model (LRM) is so-called 

to recall and evoke the laziness and recursiveness typical in lambda calculus and Haskell 

language. Lazy evaluation allows LRM and RRL to not be bound to ground any particular data 

type as a relational instance unless strictly needed. This formalization allows the representation 

of the HyR agency as an ω-language automata. This representation is a fundamental and 

necessary step towards the autonomous rewriting or reprogramming of autonomic capability 

for actors in symbolic realms, achieving their autopoiesis. 

4 Resulting framework  

From the purpose and the methodology here addressed a clear research framework can be 

established, along with the tools necessary to conduct into the experimental ground. As we 

could see from methodological considerations, there is a need to introduce some further tools 

such as the category theory, the Relational Model, and lambda calculus, to set such an 

appropriate framework. General systems theory, category theory, its monads, and the lambda 

calculus allow for operation with objects that are not completely specified, unknown, implicit, 

or dynamically "alive", as intended for the eigenforms previously treated.  

Under this perspective, the proposed toolbox for scientific inspection of HyR should 

comprehend at least: 
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• general systems theory (GST), to describe (holonic) systems defined in general reflexive 

domains of eigenforms; 

• category theory, to map symbolic systems, monads, and eigenforms into dynamic 

systems; 

• stability theory, to end the recursions and assure the state of being for an entity (e.g. 

Lyapunov-based methods); 

• a “universal” control technique, to pass from “irritation” states into stable states of being 

with an invariant mechanism across the holarchy; 

• a multi-agent implementation of holons to manage and couple symbolic processing, sub-

symbolic or non-algorithmic processing, and lambda calculus, with a scalable and 

flexible granularity implementation, ranging from tiny embedded systems to high-

performance computing. 

Using eigenforms and enaction in HyR context means facing two epistemologies 

simultaneously. In Figure 2, the research activity, and goals are summarized, and are shown 

two kinds of eigenform processes: 

1. In the upper part, the eigenforms are digital entities belonging to the World #2. This is 

an epistemology for humans that act in the symbolic World #1 (following procedural 

rules) but receive reality objects from the digital realm (e.g., a human playing a serious 

game in the Extended Reality world, through VR/AR/MR). 

2. In the lower part, the eigenforms are natural entities belonging to the World #1. This is 

an epistemology for artificial agents (AI) that act in a symbolic World #2 (following 

program instructions) but receives reality objects from the physical realm (e.g., 

algorithms that influence the shopping behaviour of humans or other social 

relationships). 

 

Figure 2: overall scheme of the proposed research framework. 

 

A conjecture here pursued is that the category theory of mathematics and its functor concept 

can establish a solid framework for harnessing homomorphic relations between physical and 
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digital realities (Pirani et al., 2021; 2022) will constitute the essence of the second-order loop. 

A functor handles the structuring transformation from the symbolic reality into a dynamic 

embodiment. The embodiment is meant both in the physical and digital sense, and this is a 

novelty here introduced. 

In the reverse direction of the loop, a forgetful functor determines an abstraction, which 

transforms the dynamical world into corresponding procedures of symbolic systems. This 

abstraction projects back elements of the dynamical system into a relational triple made by the 

observable X(x(t),t) (an object of the world), an observer E(w(t),t)), and an environment that 

depends from the social context, culture, history, and exogenous information S(w(t),t), where 

x(t), u(t), and w(t) are respectively the state function, the input action, and the exogenous 

disturbance for the dynamical system. In doing this, cybernetics of the third order is called in, 

as it considers the local effects of the reflexive-active environment on the observer (Lepskiy, 

2018; Yolles, 2021), guaranteed by the Church-Curry theorem on reflexive domain that is 

entirely determined by its participants (Kauffman, 2017b). The third order-cybernetics involved 

brings the boilerplate environment regulation mechanisms such as ethics and social 

responsibility as explicitly as a systemic feature (Ashby, 2020). When a dynamical embodiment 

is achieved, stabilization theory, methodology, and technology can be applied, for example with 

well-known Lyapunov general stabilization methods. In the dynamical embodiment sides of 

both the epistemologies in Figure 2, the abstraction functor transforms back dynamical stability 

into a solution to a fixed-point problem situated on the symbolic side. On this side, the equation 

that maps a corresponding eigenform through functorial abstraction is deemed Equation of 

Reality.  

Now, all the above theoretical framework has to boil down into a viable technology that 

tentatively materializes those cybernetics loops. Here enters the holon concept in a brand-new 

shape and implementation. But there is also another kind of holon, the HyR holon.  

The HyR Holon is a meta holon that handles the emergence between the two simultaneously 

active holons that respectively straddle World #1 and World #2 to capture the essence of the 

digital-natural epistemological duality of the HyR. In addition, in Figure 2, the high-risk/high-

gain zone is highlighted. This comprehends the major achievements foreseen for the proposed 

endeavour. For example, the classic constructivism framework for the eigenforms can be seen 

from a brand-new perspective of panabstractism (Pierce, 2021), and is related to the 

experimental philosophy (XPhi) framework that has exciting potential in the new universe of 

discourse of the symbiotic autonomous systems worldview (Wang et al., 2021). 

5 Originality and impacts 

In HyR, countless innovative solutions have been designed and implemented to improve human 

lives (from augmented/mixed reality to autonomous driving vehicles, predictive justice or 

autonomous finance). HyR is reshaping human society and raises several issues from an ethical 

and human rights point of view, related to economic and environmental sustainability, related 

to privacy and security, and related to reliability and safety. Therefore, since we are already in 

the middle of a transition toward the HyR world, the time has come to address all these concerns 

with a transdisciplinary epistemological approach, addressing the problem from multiple 

perspectives at the same time.  

The proposed research framework is a new ambitious endeavour for the discovery of an 

unknown reality. A reality that resides very near to us, so near that hits the blind spot of our 

observations, in the deep space of the relationship between ourselves and the machines of the 

digital era.  
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The primary paradigm-change impact will be on science and deep tech entities, affecting 

policymaking to organize, and so avoid effectively, the risks for a society coming from 

uncontrollable dynamics of the HyR phenomenon. 

The great novelty would reside in the fact that usually are the humans that try to generate models 

and give meanings to the symbols that the model concerns. In this case, a software application 

observes the causal dynamics that intervene between objects of reality, which are only 

knowable by their behaviour in the environment and their relations with other objects of local 

reality. Therefore, since we are already in the middle of an unstoppable transition toward the 

HyR world, the time has come to address all these concerns with a new instrument that 

empowers scientific and societal frameworks around it. 

6 Limitations and further research 

Together, the methodologies and instruments here selected will bring a new possibility for a 

transdisciplinary breakthrough and stance towards purposeful control of HyR. This is a feature 

and a limit, as transdisciplinarity is not frequent in current scientific realms, though necessary 

for a full-fledged effectiveness of the framework. The experimental methodology has to 

consider new approaches like experimental philosophy flanking the usual realism of first-order 

science. The methodology here adopted requires a transdisciplinary stance to convey general 

systems, 2nd and 3rd order cybernetics, computer science, human-artificial epistemology, holons 

and holarchies, category theory, and stability theory. 

The inception of the research activity requires a review and reshaping of the philosophical, 

systemic, mathematics that lies behind the HyR. These problems have to be framed in the new 

Megatrends of the IEEE Digital Reality Initiative (Saracco, 2021), in particular in the following 

three: 1) understanding what human-level AI is; 2) the coming age of AI-Human collaboration 

(“AI will be an omnipresent companion”); 3) creation of cognitive prosthetics (we will be living 

in a software "cocoon").  

The principal barrier to overcome to get research into the right place is that of strict 

disciplinarity and radical reductionism. Here two mostly overlapping lighthouse visions are 

considered: the pragmatic reductionism in the study of organization and decision-making in 

complexity as envisioned by Herbert Simon – see for example Simon (1991); and the pragmatic 

constructivism, as a transdisciplinary framework of modern Cybernetics, as defined by Lissack 

(2016). Essentially the evident overlap is in pragmatism, which means giving engineering a try 

beyond hard matters, at the price that engineering has to traverse the barriers of disciplines and 

become trans-engineering.  

7 Summary  

The proposed research framework is considered both promising and pragmatic. Project results 

will be constituted by technology. Its core will be software that can be adopted as a “reality 

enhancer” in the context of HyR. This tool will be provided as an interface both for humans and 

machines that can be accessed to receive invisible and hidden information about the good or 

evil dynamics that will be running in a situation in which humans and AI come into close 

contact.  

In conclusion, why do we have to bother further with the deepening of AI-related research? An 

answer here is because we have to fully understand what we are not, and what we should not. 
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