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Abstract
Virtual objects, such as online shops, the elements that go to make up virtual life in 
computer games, virtual maps, e-books, avatars, cryptocurrencies, chatbots, holo-
grams, etc., are a phenomenon we now encounter at every turn: they have become 
a part of our life and our world. Philosophers—and ontologists in particular—have 
sought to answer the question of what, exactly, they are. They fall into two camps: 
some, pointing to the chimerical character of virtuality, hold that virtual objects are 
like dreams, illusions and fictions, while others, citing the real impact of virtuality 
on our world, take them to be real—an actual part of the real world, just like other 
real objects. In this article, we defend the thesis that both sides are wrong. Using 
Roman Ingarden’s phenomenological ontology, we advocate a position according to 
which a virtual object is a computationally grounded intentional object that has its 
existential foundation in computational processes, which are compliant with a cer-
tain model of computation. We point out that virtuality is framed by some kind of 
ideal mathematical objects: i.e., mathematical models of computation, which in turn 
fall, each of them, under their respective ideas. We also refer to the idea of natural 
computation, which in conjunction with the ontological analysis carried out leads to 
the thesis that an object can be more or less virtual.
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1  Introduction

Virtual objects are everywhere. Each and every day we find ourselves surrounded 
by them wherever we turn, and they alter our habits and influence our social rela-
tionships. But what are they? For some thinkers, they are a form of “consensual 
hallucination”1 or fiction. For others, meanwhile, such as Chalmers (2017), they are 
real. In the present article, we shall ourselves defend the view that they are neither 
real nor fictional. Our thesis will be that they straddle the boundary between reality 
and fictionality. Both their reality and their fictionality are gradational (as distinct 
from either-or) characteristics. Moreover, this straddling itself rests on a supporting 
structure whose own character is best understood as ideal: namely, that furnished by 
some specific model of computation which is predetermined by the relevant idea.

Among the many different meanings of the term “virtual object”, we prefer to 
highlight the one familiar from the IT sector, according to which a virtual object is 
a specific product of computer science (a computational artifact) in some respects 
resembling some other different type of object (i.e., one that is natural, or that is 
man-made without any conscious use of computational techniques). For example, an 
online shop is called ‘virtual’ because its appearance and operation are controlled by 
computational procedures, while its function (selling goods) is the same as that of a 
traditional shop. Moreover, in everyday discourse, the IT-based meaning of the term 
‘virtual’ is certainly the predominant one: for a person living in a society in which 
IT has come to play a significant role, ‘virtual’ counts as practically synonymous 
with ‘computer-related’, ‘computer produced’, or simply ‘digital’.

Virtual objects, just like other cultural artifacts, are without doubt created by 
human beings. Their characteristics are given to them by their creators. More pre-
cisely, these attributes depend entirely on the acts of consciousness that bring them 
to life. Intending it to be, at this stage, only an initial approximation, we may call 
such objects ‘intentional’. With this in mind, and focusing on computation-related 
contexts, we propose the following rough explication of what the term means: it 
is an object created by human consciousness (i.e. an intentional one), maintained 
and ideally conditioned in its existence by computational procedures that themselves 
have a theoretical basis in various types of algorithm and, underlying this, vari-
ous models of computation that fall, each of them, under their respective ideas. In 
short, it is a computationally grounded, ideally pre-conditioned, intentional object. 
We shall commence our analysis, then, by adopting this as a working description of 
what it is we are dealing with.

Since this characterization is essentially embedded in an IT-determined—which 
means, in many cases, computer-based—context, the underlying objects will be 
referred to as computational virtual objects (for which we shall hereon use the abbre-
viation CVO), in order not to exclude the possible existence of other types of virtual 
object. After all, we might well wish to regard physical models of various fragments 
of reality as furnishing other possibilities here, these also being artifacts: e.g., a 

1  This is what William Gibson said, quoted from (Chalmers 2017, p. 309).
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static model of a building, or a moving mechanical model of a planetary system. In 
this paper, though, we shall just focus on virtual objects that are computational.

It is also worth noting that one member of the CVO category consists of virtual 
reality systems, these being highly complex virtual objects that interact with peo-
ple in a very realistic and sensuously vivid way (i.e., what is sometimes referred to 
as their ‘immersive character’) (Chalmers, 2017; Heim, 1993; Steuer, 1992). How-
ever, the present paper does not only deal with objects of this kind: it rather aims to 
address a significantly broader category. The same applies to simulations and inter-
actions: virtual objects can, to be sure, be conceived as simulations or interactive 
objects, but in our analysis neither the idea of a simulation nor that of an interaction 
will count in themselves as essential aspects of their description.

As can be seen, the word ‘object’ is being used here in the widest possible sense.2 
It is understood as something that need not actually exist, i.e., it can be merely pos-
sible or conceivable, and as including both objects in the strict sense, i.e., as bear-
ers of properties, and also processes, relations, events and states of affairs (which 
are treated as non-objects in the narrow sense of the term object), and as allow-
ing for both objects that persist in time and ones that are timeless—including, 
even, domains of being or non-existent objects. Finally, it may also be an idea, or 
something else yet to be specified. This broad notion of objectuality includes vir-
tual objects of quite different forms, such as particular virtual bearers of properties, 
virtual relationships between particular virtual objects, virtual states of affairs, pro-
cesses, words, systems, as well as virtual qualities.

The ontology of the virtual object raises many questions (cf. Chalmers, 2017; 
Laas, 2015; Skowron, 2020; Smart, 2022; Turner, 2022). Hence, it is necessary, we 
think, to start from scratch—that is, to assume nothing whatsoever about the form, 
matter or mode of existence of virtuality. So, for example, as regards such form-
related questions as whether virtual beings are objects in a narrower sense, or pro-
cesses, or things, or states of things, or words—this is not something to be resolved 
prior to other matters. Such a starting point for analysis means, of course, beginning 
with nothing already there in one’s hands, but this surely purifies the field of reflec-
tion and allows for an ontologically unbiased approach. At any rate that, we think, 
is the spirit in which the phenomenologists (Husserl, Ingarden) were working when 
they sought to explore the relationship between reality and fictionality. Our own 
aspiration is thus also to try to make as good use as possible of the findings of these 
thinkers—in particular Ingarden—while pursuing our own analysis of the nature of 
virtuality.

Virtual objects (including virtual reality, mixed reality, computer holograms 
and augmented reality) permeate the life of contemporary humanity through and 
through. As has already been mentioned, they also pose many problems for ontolo-
gists. We would like to know if they are real in the way that stones and houses are, or 
fictional like dreams, simulacra, illusions, or the characters in a novel. Perhaps they 
are a new kind of object never seen by ontologists before? It is hardly surprising, 

2  The ontology of the virtual object presented here draws on that of Roman Ingarden. Nevertheless, the 
characterization of the concept of objectuality given here does not correspond to his formulation. For 
Ingarden’s own account, see Piwowarczyk (2020).
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then, that some traditional ontologists seem keen to avoid this specific topic, as there 
are no simple readily available tools to help us make sense of it. Our view is that 
existential monism, a position in metaphysics frequently embraced by contemporary 
philosophers according to which an object either exists as real, or quite simply does 
not exist at all, and dualist metaphysics, in which it is held that we are all the time 
dealing with just two modes of being, are both too impoverished to accommodate 
all aspects of virtual objects. Hence, there is a need for a pluralistic metaphysics, of 
a kind broad enough to make visible the many and varied aspects of virtual objects. 
Roman Ingarden, in his book Controversy over the Existence of the World (first pub-
lished in 1947/1948), put forward a metaphysics that presents and explores many 
different modes of being, and as such it seems well-suited to serve as a framework 
for the present analysis.

In the second part of this article, which sets out Ingarden’s overall conception, 
we present the basic tools of his ontology: in particular the so-called existential 
moments pertaining to notions of existential autonomy and heteronomy, (non)self-
sufficiency, ontological originality and derivativeness, (non)activeness, fissuration, 
and existential (in)dependence. Thanks to these concepts, we are able to introduce 
multiple different modes of being (synonymously referred to as ways or modes of 
existence), including ideal being, real being and intentional being. Thus, we start 
with metaphysical pluralism, the central posit of which is that there are many ways 
to exist. We then define the notion of a ‘virtual object’ in general terms as an inten-
tional object, and, by drawing attention to its involvement in a process of becoming 
existentially autonomous (more crudely, of ‘becoming real’, as described previously 
by (Skowron, 2020), explain in what sense the virtual object straddles the boundary 
between reality and fiction (where fictionality is itself construed as falling within the 
domain of intentionality). As part and parcel of this, we also discuss the existential 
gradationality of virtual objects, referring once again to the aforementioned process 
of existential autonomization.

In the third part of the paper, we focus on the thesis that CVOs have their existen-
tial foundation in computational processes, which are themselves realizations of cer-
tain models of computation, that in turn fall under the relevant ideas. Thus, we point 
out that virtuality is framed by some kind of ideal mathematical objects: i.e., math-
ematical models of computation and their ideas. In the fourth part of the article, we 
specify what this ideal framework is. We distinguish several types of CVO, based 
on the type of model of computation that is realized. In particular, we analyze the 
distinction between the Turing or digital model, formally captured using the univer-
sal Turing machine, and non-Turing or non-digital ones, based on various types of 
hypercomputation. Then, recalling the strategies for defining non-digital models by 
modifying such features of the classical model as discreteness, finiteness or deter-
minism, we introduce different types of virtual objects, taking into account both 
those that actually occur and those that are merely possible: namely, digital, analog 
or quantum CVOs. While the second section of the article explores how CVOs 
become real through a process of acquiring existential autonomy (how they ascend 
what amounts to a highly differentiated ‘ladder of being’, passing from intentionality 
to reality—the rungs of the ladder being, from the bottom upwards, fiction, reality, 
ideality and, right at the top, absoluteness), in the fifth section we draw attention to 
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a movement in the opposite direction, from reality to intentionality. This involves 
referring to the procedures, still regarded as exotic but taken seriously in theoretical 
computer science, associated with natural computations, such as biological compu-
tations using DNA structures. At the same time, we claim that the more this involves 
references to nature, the more the corresponding CVOs will become non-virtual. In 
this manner, we aim to capture another way in which virtuality’s essential gradation-
ality is disclosed. The sixth part of the article then deals with the stratified character 
of the intensity of existence of CVOs. Finally, in our conclusions, we attempt an 
overall synopsis of our findings.

2 � Intentional Objects

2.1 � Existential Moments and Modes of Existence

Our goal here is to elaborate more fully the theses of the intentionality and existen-
tial gradationality of CVOs,3 assisted by the phenomenological ontology of Ingar-
den. Hence, we shall begin by briefly outlining the basic ideas and central elements 
of the latter’s highly developed framework.

Even prior to this, however, it seems appropriate to first spell out why Ingarden’s 
ontology,4 more than any other, seems to lend itself especially well to serving as a 
framework for analyzing virtuality. Virtual objects are typically defined as objects 
that are interactive, immersive, and/or computer-generated, and/or ones that simu-
late reality (cf. Chalmers, 2017, p. 312). They are not real objects; rather, they are 
closer to fictional ones.5 As such, we tend to treat them as fictions themselves. Yet 
even if they are not real, they still enter—as fictions—into real causal relationships 
(Chalmers, 2017; Smart, 2022). Probably nobody would deny that such objects are 
exerting an influence right now upon the real world—and, indeed, are changing it 
at a dizzying pace. Amidst all this confusion, a natural question arises: are virtual 
objects fictional (and dependent somehow on human consciousness), or real—or, 
indeed, somehow located between the fictional and the real? To answer this ques-
tion, it is not enough to simply declare them one or the other, real or fictional, as 
this in itself contributes nothing to the discussion. We need to carefully analyze the 
difference between reality and fiction: how they are dependent on human beings, 
and how not. In order to do this, we must first have at our disposal an adequately rich 
ontology.

3  It is worth mentioning that Olivier Laas (2015) begins his study of virtuality from a fundamentally 
different perspective from ours: i.e. he denies the need to distinguish virtuality as a mode of existence, 
adopting an ontological nominalist position, while arriving at very similar intuitions to ours in that he 
attributes gradualism to virtuality. We thank an anonymous reviewer for pointing out the similarities 
between Laas’s intuitions and ours.
4  Our view of why it is necessary to invoke Ingarden’s ontology here is in line with the arguments given 
in (Skowron, 2020).
5  A brief overview of contemporary fictionalism is presented by Chalmers (2017, p. 315–317). It is not 
necessary to elaborate all such positions in detail here.



	 B. Skowron, P. Stacewicz 

1 3

34  Page 6 of 29

The ontology which states that there is one kind of being, that of real beings, and 
that everything not real simply does not exist (or is fictional), is an ontology that 
fails to explain anything or push things forward, in that its assumption of metaphysi-
cal and existential monism inadvertently prescribes a single solution to the problem 
before the latter has even be subjected to discussion. The significance of ideal enti-
ties is often implicitly registered, but only to be superficially glossed over. This is 
something we aim to avoid on the approach adopted here: by contrast, Ingarden’s 
ontology must count as one of the richest ontologies ever created, it being neither 
specifically idealist, realist, fictionalist, nor structuralist: it allows for all of these at 
the same time, while also leaving room for a great deal more. “Like it or not”, as one 
might say, existence is complex.

Ingarden meticulously analyzed the unobvious connections between fiction and 
reality, and between idealism and absoluteness. He presented dozens of ways in 
which one object could depend on another, simultaneously claiming that he himself 
had by no means exhausted all of the possibilities. His ontology is thus an open sys-
tem, and can be further enlarged—a feature that also counts as one of its advantages. 
Nevertheless, as we shall see in due course, such as an ontology also possesses cer-
tain drawbacks.

Every being, in Ingarden’s view, can be analyzed with the help of three compo-
nents that permeate it: form, matter and mode of existence (or mode of being). Mat-
ter is the first thing to be noted, this being everything qualitative about a given being: 
e.g., the color of some object. Its form, meanwhile, is what is non-qualitative, and 
corresponds to its being a process, thing or idea. For Ingarden, it is in virtue of this 
that processes, things and ideas differ from one another. For our present purposes, 
though, the most important component of being will be its mode of existence—its 
‘way’ or ‘manner’ of existence, if one prefers. This cannot be observed at all, and is 
not something we notice as we might some object’s matter: when we look at a real 
object, we do not see its mode of existence as, say, we see its color. Here, already, 
we are confronted with our first obstacle to distinguishing this component of being. 
However, let us not become discouraged too quickly: when we consider any object, 
we may ask what the source of its existence is: what is the raison d’être of its exist-
ence? It seems, at first glance, that the reason for the existence of an autonomous car 
is different from the reason for the existence of the Hilbert cube (i.e., a topological 
space that is an infinite-dimensional cube). The attributes of autonomous cars are 
fixed by its creator, while the properties of the Hilbert cube are not fixed by anyone. 
Even if we happen to be great mathematicians, we do not decide the properties of 
the Hilbert cube—these are encountered as previously given data, which we merely 
discover. No mathematician will ever modify the topological connectedness and 
compactness of the Hilbert cube, whereas the bumper and load-bearing properties 
of the car could be different from what they are, and do very much depend for their 
effectiveness on the quality of the car-designer’s vision. This reflects the fact that 
these two objects have quite different raisons d’être.

The Hilbert cube itself determines which descriptions can be attributed to 
it, possessing something within itself that fixes this such that it could not ever 
be otherwise. The car, on the other hand, being invented and constructed by 
engineers, could be different from how it actually is. This contrast makes them 
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different in terms of their mode of existence: in Ingarden’s own terminology, an 
autonomous car is a ‘real being’, while the Hilbert cube is an ‘ideal being’. Real-
ity and ideality are modes of existence. In order to determine what the difference 
between the two is, additional considerations of existential moments are needed, 
since modes of existence are precisely combinations of existential moments.

At the same time, for Ingarden, being-real and being-ideal were not the only 
such modes: he was able to distinguish many more through the recognition of 
ontologically simpler configurations from which they themselves were composed. 
What is more, as was already mentioned, his ontology is unfinished in the sense 
that it is open-ended: he introduced ontological tools which we ourselves can 
freely employ to distinguish even more modes of being—something that proves 
especially significant when it comes to the study of newly emerging phenomena 
such as virtual objects.

Returning to the issue of modes of existence, one might wonder whether this 
is something at all amenable to analysis: in other words, one might be tempted 
to assert that a mode, manner or way of existence, whatever it may amount to, is 
bound to be so utterly simple or basic as to be such that one should not expect to 
distinguish any aspects, features or properties specific to it. Yet we, like Ingarden, 
shall maintain the opposite: our position will be that each mode of existence is 
decomposable, inasmuch as it is constituted out of what he himself calls exis-
tential moments. These are comparable to pieces of, so to speak, the jigsaw from 
which existence itself is composed: they can combine to make up modes of exist-
ence—providing that they fit together properly in the sense of there being no con-
tradictions between them. For our present purposes it will suffice to draw atten-
tion to those that figure in the four oppositions highlighted by him in the course 
of his own investigation, as shown below (Ingarden, 2013, p. 109):

1.	 existential autonomy—existential heteronomy;
2.	 self-sufficiency—non-self-sufficiency;
3.	 originality—derivativeness;
4.	 independence—dependence.

These oppositions can be regarded as furnishing the first (and elementary) 
level of explanation of possible dependencies between objects and, in particular, 
between objects and consciousness. Let us therefore say a few words about each 
of the existential moments they disclose.

As regards the first of the above oppositions, Ingarden (2013, p. 109–110) pro-
poses the following definitions: “An entity (…) exists autonomously (is existen-
tially autonomous) if it has its existential foundation within itself. And it has it 
within itself if it is something that is immanently determined within itself. On the 
other hand, an entity is existentially heteronomous (exists heteronomously) if it 
has its existential foundation ‘outside of itself’”. Amongst objects that are exis-
tentially heteronomous we encounter works of art, social institutions, the law, the 
characters in a novel, objects that are empirically possible (but non-actual, i.e., 
those not yet realized), and states of affairs. These are determined by something 
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that is beyond themselves. By contrast, ideas (in the spirit of Plato), particular 
mathematical objects, ideal qualities (such as green per se) and real beings are 
existentially autonomous, as the source of their determination is immanent to 
them—they are, one might say, their very own source. Where virtual objects are 
concerned, our initial thought will of course be that they would have to be exis-
tentially heteronomous; nevertheless, this is something we shall hold open as we 
proceed with our discussion.

The existential self-sufficiency of an object is linked to the question of whether 
its existence depends on any other existence. Therefore, this existential moment is 
necessarily bound up with the broader existential neighbourhood of an object. To 
be more precise:

An entity is existentially self-sufficient if in accordance with its essence it 
requires for its being the being of no other entity which would have to coex-
ist with it within the unity of some whole, or, in other words, if its being 
involves no necessary coexistence with some other entity within the unity 
of a whole. In contrast, an entity is existentially non-self-sufficient if, as 
implied by its essence, its being involves a necessary coexistence with some 
other entity (which may have to be quite specifically qualified in its material 
essence) in the unity of a whole. Thus, for example, the moment “redness” 
is contained in a non-self-sufficient manner in the whole: “red color,” since 
it must coexist with the moment “coloration” that occurs in the same whole 
(Ingarden, 2013, p. 147).

Another existential moment, i.e., originality, concerns the possibility of being 
produced. At first sight, this may well seem less than pertinent to our current 
deliberations:

An entity is existentially original if (…) it cannot be produced by any other 
entity. In contrast, an entity is existentially derivative if it can be so pro-
duced. If an original entity exists at all, that is only because it is incapa-
ble of not existing in virtue of its very essence—provided there is such 
an essence, and more precisely, such an ideal “quiddity” as determines its 
nature (concerning which we render no decision here). And if it is so, then 
its own proper essence forces it to exist (Ingarden, 2013, p. 118).

An existentially original object, such as would satisfy the above definition, will 
be one that cannot be annihilated. There will be no beginning or end to its exist-
ence. It is, of course, natural to want to claim that virtual objects are not original, 
as they are produced by man. However, it is still quite natural to wonder whether 
all virtual objects can in fact be annihilated. A purely intentional object depends 
entirely on acts of consciousness for its emplacement and, so it seems, can thus be 
invalidated, as it were, by acts of consciousness and willing on the part of those 
artists who refuse to acknowledge it as existent. Yet it cannot be destroyed in the 
same sense in which autonomous existential objects are. The latter are something: 
i.e., they have an embodiment that can be destroyed. Purely intentional objects, 
on the other hand, even if invalidated, can still come to be intended anew as that 
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which previously was invalidated. To be sure, an online shopping website is eas-
ily annihilated, but could Pikachu as such be so?6

The last of the above-mentioned existential moments concerns only self-sufficient 
objects. Some of these, despite the fact that they are self-sufficient, still by their very 
nature require other self-sufficient objects as a condition of continuing their exist-
ence. Following Ingarden, we shall say that these types of object are existentially 
dependent. For example, the existence of a human being, a self-sufficient object, 
requires the existence of a certain range of temperatures and the existence of oxygen.

With the basic existential moments defined, we can determine what the differ-
ences will be that pertain to the modes of real and ideal existence. The mode of real 
existence exhibits three varieties on account of time, these being past, present and 
future, and three additional cases by virtue of form, which are persistent objects, 
events and processes. Here we will only deal with persistent objects (Ingarden, 
2013, p. 293–294). The mode of existence of present persistent objects consists of 
the following existential moments7: autonomy, derivativeness, activeness,8 fissura-
tion,9 fragility, self-sufficiency and (in)dependence. Past persistent objects, mean-
while, define a collection of existential moments of the following sort: autonomy, 
derivativeness, post-activeness, self-sufficiency and independence. Finally, future 
persistent objects are determined by existential derivativeness, empirical possibility, 
self-sufficiency and dependence.

Ideal beings come in at least three varieties: particular ideal objects (like particu-
lar squares), relations among ideal objects, and ideal states of affairs or properties 
of ideal objects. Existential autonomy, originality, non-activeness, self-sufficiency 
and independence characterize the mode of existence of particular ideal objects. 
Relationships between ideal objects differ in that they are dependent. Ideal states of 
affairs are, additionally, existentially non-self-sufficient. It is worth adding that abso-
lute being is characterized by existential originality, autonomy, activeness, non-fis-
suration, durability, self-sufficiency and independence. Ideas (that predetermine the 
objects that fall under them) also exist in an ideal way, which means that their mode 
of existence consists of existential autonomy, originality, non-activeness, and self-
sufficiency. We can see that ideas exist in a similar way to individual ideal objects, 

6  The possible annihilation of purely intentional objects has been discussed in phenomenological circles; 
see Ingarden’s (1973, p. 124) discussion with Conrad-Martius.
7  The modes of existence, i.e. combinations of existential moments, given here are only a first approxi-
mation. Ingarden’s ontology is open-ended, which means that it is possible to specify new existential 
moments as well as modes of existence.
8  Here we should add that activeness is an existential moment, and one that characterizes being in time 
(in actu esse). An object can be actual if it is subject to the passage of time and it is possible to distin-
guish, with regard to its existence, between past, present and future. Such actuality corresponds to full-
ness of being: the object is, so to speak, awaiting its actuality, which is located in its future, as only then 
will it be able to fully act.
9  ‘Fissuration’ refers to the idea that an entity must exist in the gap between the past and the future. A 
fissure-like being exists in such a mode of being “that the individual phases of its fluctuating states must 
pass through just a single phase of activeness and then make room for the other states or phases of the 
evolving process” (Ingarden, 2013, p. 289). By contrast, a non-fissure-like being is one that can extend 
its present unlimitedly.
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and yet there are differences between them at the level of their form. Ideas have a 
characteristic bilateral formal structure (which will be discussed below): ideas qua 
ideas, and the content of ideas. Particular ideal objects, on the other hand, are not 
bilateral in this sense.

When we focus on the difference between the most representative examples of 
real and ideal existing objects—i.e., the difference between a present persistent thing 
and a particular ideal object—we see that the ideal is original and non-active and not 
fragile, whereas the real is existentially derivative, active, and fragile. These are just 
the main existential differences between the ideal and the real. So, with these onto-
logical tools to hand, let us now proceed to try to characterize intentional objects 
within the framework of Ingarden’s ontology.

2.2 � What Are Intentional Objects?

First of all, we should note that intentional objects are often interpreted as being 
no more than objects to which our consciousness happens to direct itself, inasmuch 
as we consciously entertain intentions that refer to them. For example, as we look 
at a book, it may well exhibit some characteristics that reflect our looking at it, 
and this might prompt us to say of it that it is an intentional object. Nevertheless, 
it is a contingent fact that we are looking at it, so these features surely cannot be 
counted amongst its ontological characteristics. After all, it does not matter to the 
book itself that we happen to be looking at it, and our so looking does not change 
anything about it. Thus, the most we can say is that alongside its being intentional 
in the properly ontological sense that we are concerned with, it is also intentional in 
this other (quite distinct) sense. Hence, for the sake of clarity, we shall sometimes 
refer to an object construed as intentional in properly ontological terms as a ‘pure 
intentional object’. Ingarden (2013, p. 113) defines such an intentional object as “an 
entity which draws its being and its collective stock of attributes from the enactment 
(…) of an intentional conscious experience, which in a specific integrated fashion is 
endowed with a content, and (…) would not exist at all without this enactment”. In 
this article, when we talk about intentional objects, we do not mean those that are 
also intentional, but just have in mind purely intentional objects.

Intentional objects do nevertheless resemble, so to speak, shadows inevitably cast 
by our acts of consciousness themselves. One might therefore suspect them to be 
purely subjective, and invariably dependent on the subject whose consciousness per-
forms those acts. Yet that is not the case. Some intentional objects have their source 
directly in the acts of consciousness of a subject, while others have their source in 
other intentional structures (e.g., sentence meanings). (For example, Sherlock Hol-
mes appeared in Arthur Conan Doyle’s head—he was only a shadow, so to speak, 
of his creator’s creative fantasy. As such he is purely subjective. But when he has 
become established as a character in a novel—that is, when sentences and larger 
parts of a text in the form of a novel assign him properties—then he becomes inter-
subjective. It turns out that prior to this he was, somehow, trapped in the author’s 
head: being purely subjective then, he was imprisoned in a place to which no one 
else had effective access.) To distinguish them, the former is called the primary 
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intentional object, the latter a derived intentional object. Of these, those of the sec-
ond type will have a kind of borrowed intentionality, ultimately lent to them by the 
original acts of consciousness, but with bearers that are appropriate fragments of, 
say, the novel’s text—or, indeed, of programs responsible for controlling certain 
computations. For the sake of this discussion, it can hereon safely be assumed that 
when discussing intentional objects the present authors are talking specifically about 
such derived intentional objects.

Intentional objects are double-sided and, in a certain sense, less than fully deter-
minate. Let us begin with this latter property. We know, say, that Shrek is a green 
ogre, and that Fiona is his wife. However, we do not know, and cannot know, eve-
rything about Shrek, because we only know what is in the novel or film. What size 
waist does Shrek have, measured in centimeters accurate to two decimal places? 
Has he ever had hepatitis? We do not know. Where this fictional green character is 
concerned, we can only guess about (or ourselves stipulate) such properties. These 
areas of Shrek, which are not specified in the film or novel, are called “spots of 
indeterminacy” (cf. Ingarden, 1973; Laas, 2015). Intentional objects, in contrast to 
real objects, contain such elements of undefinedness. A real object, by contrast, is 
determined “in all its places”. Turning now to the other property, we may note that 
their double-sidedness consists in the fact that where intentional objects are con-
cerned, we encounter two subjects of properties. As an example, let us suppose that 
someone simply imagines Shrek. This imaginary Shrek will be the first subject of 
properties, and is just as it is imagined to be: a green and fat ogre. That is to say, 
within its imaginary content it counts as a real individual object that persists in time. 
Yet there is a second subject of properties here, too: this is the intentional object that 
is the pure imagining itself, which is not also something green and fat, but rather 
something quite insubstantial and subjective. This two-way construction of inten-
tional objects is what distinguishes their form from that of other beings. By contrast, 
objects in the narrow sense (i.e., mere primarily individual subjects of properties) 
only have one subject of properties.

As we have mentioned, intentional objects are heteronomous, because the basis 
of their determination lies outside of them. They are also non-self-sufficient, in that 
their existence requires either acts of consciousness or some other existential foun-
dation (such as a real book, or some instance of naturally occurring computation). 
Moreover, they are not original, as they have been produced, and are not depend-
ent, because they are not self-sufficient (see Skowron, 2020). Their manner of exist-
ence is thus a very weak one, especially when compared to real objects that exhibit 
autonomy, derivativeness, activeness and self-sufficiency, or ideal entities displaying 
autonomy, originality, non-activeness and self-sufficiency.

2.3 � Virtuality and Intentionality

Our thesis, then, is that CVOs are not simulations or interactive objects, but inten-
tional objects in the sense outlined above. They are man-made, and so not exis-
tentially original. They are created at a specific time—though, like other inten-
tional objects, it is not clear whether they perish. (Can Hamlet, or the weapons in 
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Counter-Strike, be annihilated?) Their content is given to them—for instance, by 
a programmer; they are not the foundation and source of their own content. The 
source of CVOs’ existences are the acts of consciousness of their creators, as with-
out these acts they would not exist, while they have their existential basis in compu-
tational processes, as it is thanks to these that they remain in existence. We under-
stand the grounding of CVOs in computational processes ontologically as one-sided 
existential non-self-sufficiency. The essence of CVOs requires their being to involve 
a necessary coexistence with certain computational processes within the context of 
the unity of a whole, but not vice-versa. The latter point entails, in turn, that CVOs 
possess an existence framed by certain models of computation, as described below. 
Yet we may wonder, are CVOs only intentional objects—that is, mere shadows of 
the activity of consciousness, sustained in existence by such computational pro-
cesses? We ourselves would reject such an assertion. As has been shown (see Skow-
ron, 2020; Chalmers, 2017), CVOs are in fact situated within a process of becoming 
part of the real world. We shall now take a closer look at how this could be the case.

Just like Shrek, Hamlet, or Mozart’s “Prague” Symphony, CVOs are a result of 
human creativity. Nevertheless, their visible impact on the real world is so strong 
that some, like Chalmers (2017), even claim that they are just straightforwardly real. 
Hamlet, though, is unfortunately not real: rather, he is an intentional object perma-
nently located within Shakespeare’s tragedy, which can have its own (or other) real 
incarnations on the stage of this or that theatre. Despite the fact that he helps to cre-
ate our culture, he remains a fictional character, and no one would attribute reality 
to him. Yet this is not the case with all virtual objects. Let HoloFoldit—so far only 
a hypothetical application, but nevertheless interesting from a philosophical point of 
view—serve as an example.

HoloFoldit is a hypothetical system proposed by Paul Smart (2022). The idea is 
based on the HoloLens, a mixed reality device designed by Microsoft. It is projected 
that the user mounts the HoloLens on their head and can thus interact with both real 
objects positioned around them, and virtual objects (in this case holograms) pro-
duced by the HoloLens. The latter are rendered at specific physical locations, so that 
a user in the room can actually walk around a stable hologram of this sort. They can 
view the hologram as they would view a real sculpture on display in an art gallery. 
Using gestures and voice commands, the user can manipulate the holograms—mov-
ing them around, for example. Thanks to its Wi-Fi connection the HoloLens has 
access to online services, and thanks to the possibility of being connected to the 
Internet of Things the user can interact with the actual physical surroundings of the 
hologram: for example, by using special “buttons on the hologram” he or she could 
cause the actual lighting of the hologram to change, increasing its visibility.

Smart then goes further, and proposes considering the HoloLens in a specific 
form: i.e., as the hypothetical cognitive system HoloFoldit, which combines the Hol-
oLens with the actual Foldit app used by structural biologists to solve the protein 
folding problem. The problem of protein folding is extremely complex. Hence, the 
Foldit app combines, in a way that exploits their complementarity, the user’s cogni-
tive potential (e.g., perceptual abilities and spatial reasoning)—which, for example, 
serves to reduce the space of possible searches—with computational methods, such 
as local optimization or reconfiguration. In this way, it amounts to an interactive 



1 3

Between Fiction, Reality, and Ideality: Virtual Objects as… Page 13 of 29  34

optimization system: a kind of bio-technological symbiosis (Smart, 2022). At the 
same time, Foldit is not passive: it can even propose to the user to engage in certain 
activities.

Smart (2022) proposes that we think about such a hypothetical HoloFoldit appli-
cation for philosophical purposes. It is a potential combination of the HoloLens with 
the functionality of Foldit. The user would be able see the structure of a protein as a 
hologram in the space in which they were located. They would be able to rotate this 
hologram, move it around, add more parts to it, and even, as it were, go inside it—
something that a representation of a two-dimensional image in the Foldit app alone 
would not be able to convey. Using online libraries of computational procedures, the 
user would have computational support, just like in Foldit. A philosophical question 
then naturally arises: what would the kind of cognition realized via the HoloFoldit 
system then amount to? Would it be cognition on the part of an individual person 
only? It would seem not. Smart (2022) rightly states that “the process is being per-
formed by a larger systemic organization that includes the human individual, the 
HoloLens, the holograms, and a suite of online (Internet-accessible) computational 
routines”. Smart has shown that this larger whole is an example of hologrammati-
cally extended cognition: i.e., cognition that goes beyond the limits of the human 
skull. But what implications does this have for virtual objects?

Firstly, what the user will perceive in HoloFoldit is the holographic pro-
tein molecule, which must be constantly adapted to the user’s expectations and 
choices, but also to the constraints of the problem being solved. We can also 
assume that some version of this application will use machine-learning algo-
rithms that will engender user-independent yet problem-solving-enhancing 
changes in the computational procedures used. This customization process is 
akin to its actualizing itself. It seems that this hologram has a past, has a future 
as well, and is actual in the present. This constant actualization, together with 
the fact that the hologram occupies (albeit only in a weak sense) space, makes 
the virtual object (in this case the hologram) real. Secondly, Smart (2022) spells 
out certain causal dependencies: “the act of walking around the holographic pro-
tein molecule does involve a causal link between the human observer and the 
perceptual object, albeit one that is mediated by the HoloLens device”. Causal 
relationships are the domain of real being—hence Smart’s suspicion that causal 
relationships exist between virtual objects and real objects. He describes in 
detail sequences, causal loops (e.g., human → HoloLens → hologram → human), 
and even “dances”, in which all components of the HoloFoldit mechanism are 
involved. The causal impact would be further amplified if the Internet of Things 
were used. Thirdly, the cognitive system encompassing the Holofoldit application 
is a certain whole and its components are its imperishable parts. The human per-
son is part of the HoloFoldit mechanism, as well as the HoloLens, the holograms 
and the computations carried out online. If we accept this claim that we are deal-
ing with a single whole, then we would say that this whole is real: the human 
person, the HoloLens, as well as the computations performed, although different 
in form, exist in a real way. Each part of the real object—that is, each component 
that the object has as its property—should exist in the same way that the whole 
exists. Therefore, again, we arrive at the conclusion that holograms, or virtual 
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objects, are real—or at least become real. All three of the above points are thus 
indicative of a process of making virtual objects real.

Intentional objects, because they possess spots of indeterminacy and have their 
attributes assigned to (or ‘intended’ in respect of) them when not embodied, are, 
as Ingarden (2013, p. 115) claims with reference to Husserl, objects without an 
essence of their own: i.e., without an ensemble of qualifications such as could be 
said to be wholly immanent. Now, if one accepts that what enables some object to 
be picked out from amongst others is the essence of the entity in question, then it 
seems that we are able to identify HoloFoldit in such terms, and that in this sense 
it must be deemed to possess its own essence, making it closer to something real 
than something merely intentional. Heteronomous objects have no essence at 
all: Ingarden is clear that “only autonomous entities can have a proper essence” 
(Ingarden, 2013, p. 115). Hence the conclusion that HoloFoldit, being previously 
built from also intentional objects, has embarked upon a process that constitutes 
a kind of existential autonomization. The factors supporting this autonomization 
are, for example, user interaction and the possibility of machine-learning proce-
dures. The more it has its own attributes, genuinely embodied in it and not merely 
intentionally assigned to it, the more it becomes autonomous. Thus, the process 
of autonomization does not resemble a leap, but rather a continuous transition, 
making virtuality itself into something gradational, whose intensity decreases as 
the autonomization process progresses.

We imagine Sherlock Holmes to be a man, and to be a real man. We assume, 
say, that he is an effective and well-trained hand-to-hand fighter of above-average 
physical strength, and that he is in possession of a certain height—not to men-
tion his remarkable abilities when it comes to deductive reasoning. However, 
none of these properties are actual in the way that, say, the properties of the bicy-
cles on which we travel to work are; instead, they are imparted to him by Conan 
Doyle’s creative fantasy. The acts of consciousness that create Holmes bring 
about nothing more than what they themselves impute. Such acts cannot impart 
immanent attributes to Holmes. In other words, as Ingarden (2013, p. 116) puts it, 
“the poetic, creative act of consciousness can produce [schaffen] no existentially 
autonomous object” and, as he continues, “[t]hat act is ‘impotently creative’—
what is produced by it lives by the grace of the conscious act producing it, and 
it cannot make itself ‘self-willed’ [eigenwillig], ‘independent’, ‘sovereign [selb-
stherrlich]’. It cannot ‘rebel’ against the corresponding acts of consciousness—it 
can have no properties, no self-chosen vicissitudes of its own, other than those 
that are allotted to it.”

At this juncture, we might also consider machine-learning algorithms, such as 
are used in autonomous vehicles (Bojarski et al., 2016). These are intentional, man-
made objects that can nevertheless oppose the will of some human being or other. 
Such vehicles can rebel against certain acts of consciousness and decide for them-
selves which solution—which route—to take. Similarly, chatbots also demonstrate a 
high degree of independence from their creators when it comes to generating unique 
content—something they themselves can also then further enhance. This is another 
manifestation of autonomization, understood in an existentially strong sense: the 
more they rebel, the more they become existentially autonomous. Once again, we 
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are dealing with an intensification of existence, and at the same time with the exis-
tential nature of virtuality as something gradational.

We shall now move on to a consideration of the ontological foundations of vir-
tual objects: i.e., the computational processes that ground them, and the models of 
computation realized in them. On the other hand, models of computation are not 
arbitrary objects: they fall under their ideas—which means, amongst other things, 
that their ideas predetermine them. In this way, we hope to provide an ontological 
framework for determining both the necessary and the possible states of CVOs.

3 � The Computational Basis of CVOs10

3.1 � Computational and Phenomenal Properties of CVOs

CVOs have two types of property, this being a reflection at a still deeper level of their 
two-sided intentional structure. First, there are internal, computational properties, 
which are related to the structure and functioning of the computational procedures 
that define a given object. One should keep in mind, though, that computational pro-
cedures are defined at different levels of abstraction: from the least abstract machine 
code, through descriptions in high-level programming language (e.g., C + +) that 
are much more abstract (albeit better understood by designers), to the most gen-
eral specification of the desired functions of a given CVO (Turner et al., 2019 and 
Primiero, 2016). These computational properties include, for example, the type of 
computation determined by a certain theoretical model (e.g., digital as distinct from 
analog computation), or the time complexity of procedures controlling CVO behav-
ior, which informs us about how quickly individual functions of the CVO can be 
performed. Second, there are external, phenomenal features, which are revealed only 
in the relations between the CVO and its observers or users. These include appear-
ance (e.g., the scenery of a computer game as perceived by the user), interactivity 
(e.g., the scope and degree of interaction between the CVO and the user) and ergo-
nomics (e.g., ease of use). However, the very nature of the CVO is itself determined 
by its computational features—features whose existential basis in the form of some 
appropriate computational procedure or other is also the basis for the continuation 
in existence of the CVO itself. It is one thing to enter into existence (i.e., existential 
heteronomy), and it is another to stay in existence (i.e., existential non-self-suffi-
ciency). It is for this reason that we are inclined to regard taking immersion to be 
a constitutive feature of all virtuality as being misconceived.11 The latter is created 

10  Parts of Sects. 3, 4 and 5 here are revised and extended versions of sections of a paper previously pub-
lished in a language other than English (see: Stacewicz, 2019).
11  Chalmers (2017) arrives at a similar thesis: for a broader analysis of virtual reality, immersion and 
non-immersion are not constitutive. However, as was pointed out by one of the anonymous reviewers of 
this paper, we must add that for certain types of CVOs (but not CVOs in general) immersion is a consti-
tutive feature. This is the case with three-dimensional CVO objects, which are elements of virtual-reality 
systems and are displayed in physical space as interactive holograms (Smart, 2022). Hence, our thesis of 
non-constitutive immersivity does not apply to all intentional objects.
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at the intersection of the conscious user’s experience with the appearance of virtual 
objects, but is hardly relevant to the underlying foundations of their existence. It is 
comparable to the continuous appearance of a table generated when one looks at 
the latter while perambulating around it, this being not the essence of the table, but 
rather the result of an individual and subjective experience of it. Were this not to be 
the case, we would have as many tables as there are subjects walking around a given 
table—a sure recipe for madness.

3.2 � Levels of Description of the Computational Properties of CVOs

Computer science, which provides a theoretical framework for designing and con-
structing CVOs, itself has a ‘dual nature’ (Turner et  al., 2019; Hartmanis, 1995). 
On the one hand, it is partly a formal science related to mathematics, and thus to the 
ideal, and on the other, it is in part also a technical science oriented towards the con-
struction of physical devices, these being mainly computers, and thus is close to the 
real. Taking this into account, and slightly extending the perspective, we shall distin-
guish three different aspects of CVOs, which will allow us to analyze their computa-
tional features at three distinct levels:

A.	 The model of computation—i.e., the level allowing one to indicate one of the pos-
sible elementary data-processing models with which a computational procedure 
is compliant (for example, a digital model). This procedure is representable as a 
set (or sometimes a sequence) of basic instructions and/or structures for a given 
model. The ontological condition for the existence of a CVO will be the existence 
of that particular procedure, compliant with the given model.12

B.	 The programming language—i.e., the level at which the computational procedure 
is understood as a set of instructions in a specific programming language (such 
as Pascal, Prolog or C + +).

C.	 The physical implementation—the level at which the computational procedure 
is understood as a sequence of physical states of a certain type (e.g., electrical 
impulses) inhering in the elements of a given physical system (e.g., a micro-
processor); such states enable the intersubjective character of the CVO (i.e., it 
becomes a derived intentional object), and at this level it is possible to uncover 
its causal powers.

It is worth stressing here that the term ‘model of computation’ is under-
stood broadly in this work, not limiting its scope to standard models fulfilling the 

12  The most basic mathematical property of these models is the type of numerical code (to be more 
precise, the type of numbers) employed—where, in the context of a mathematical description, this is 
what corresponds to the relevant computational procedure. Especially important here is the distinction 
between discrete (natural-numbered) codes and continuous (real-numbered) ones. The type of code is 
associated with the type of mathematical functions that correspond to the computational procedures. For 
discrete codes, these are traditional recurrent functions (or a subset thereof), while for real-numbered 
codes they are real recurrent functions (allowing operations in continuous domains) (cf. Costa and Graca 
1993).
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Church-Turing thesis which are extensionally equivalent to the universal Turing 
machine. Thus, in the understanding adopted here, computations also include non-
Turing ones, described mathematically by means of such models as analog or infini-
tistic models (see point 4.1).

Models of computation, viewed from an ontological perspective, are ideally exist-
ing objects, where this means, amongst other things, that they are autonomous and 
existentially original. They differ from each other (e.g., analog vs digital models), 
and this corresponds ontologically to the fact that they fall under different ideas 
of models of computation. Particular models of computation are particular ideal 
objects. Ideas are general ideal objects. This is the main difference between ideas 
and particular ideal objects. The world of ideas is ordered according to the general-
ity of ideas: there are more general and less general ideas. The world of particu-
lar ideal objects, by contrast, is not ordered by generality: in this respect, all indi-
vidual objects are “equally particular”. Viewed from an ontological perspective and 
roughly construed, the Church-Turing thesis affirms a relation of identity between 
the content of certain ideas: the idea of a universal Turing machine (and equivalent 
models) and the idea of effective computing.

Much as with Ingarden’s arrival at a taxonomy of modes of being through the 
combining together of consistent existential moments, we can, given the levels just 
specified, distinguish between different types of CVO as being determined by dif-
ferent properties of the computations. For example, some object P may be digital 
(because of the model of computation involved), object-oriented (because of the 
type of programming language in which it is described), and electronic (because of 
the type of physical processes used for encoding and transmitting the data). Mean-
while, some other object S may be quantum (because of the fact that the object is 
constituted by quantum computation) and optoelectronic (in that the physical basis 
of computation is different from what it is in the case of P).13 The same will be true, 
moreover, for other intentional objects that inherit certain traits from their existential 
foundations: a literary character, for instance, is literary just because of its being 
described in a literary work. As Ingarden (1973) in fact himself sought to do, these 
can be divided into levels directly relating to their nature. Specifically, a literary 
work will contain layers consisting of verbal sounds, units of meaning, schematized 
aspects and represented objects.

In this regard, we should also note that the characteristics proposed above are suf-
ficiently broad to allow for the existence of items compliant with multiple different 
models of computation, including non-digital virtual objects (although the possibil-
ity of their physical occurrence raises certain issues to be addressed below).

13  In this case, the type of programming language cannot be indicated, because the programming of 
quantum circuits is as of now insufficiently developed, and the relevant languages do not yet exist.
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4 � Models of Computation, Their Ideas, and the Properties of CVOs

4.1 � The Ideal Predetermination of CVOs

The reader will recall that given the computational nature of CVOs, their basic com-
putational properties depend on the model of computation involved, where this will 
predetermine the type and organization of elementary computations.

These basic properties do not determine all of the features of a CVO; however, 
they do determine, for instance, the way in which it is recorded or copied. They 
also determine—or, to be more precise, predetermine, thanks to a specific model of 
computation—certain general limitations for objects of a given type: namely, certain 
actions that cannot be performed by or within them. For example, digital objects 
(existing and running on the basis of programs for digital machines, compliant with 
the Turing model of computation) cannot solve the halting problem, or the prob-
lem of Diophantine equations (Harel, 1987). This follows from the properties of the 
model (ideal object), and a man can grasp and prove it mathematically—through, 
for example, a diagonal proof for the unsolvability of halting problem (Turing, 
1936/37). Consequently, it is not possible to perform activities that require the solv-
ing of these problems. Other limitations relate to the practical impossibility of solv-
ing certain problems (rather than their impossibility in principle), which in turn 
hinges on their mathematically graspable temporal or spatial complexity. For exam-
ple, a problem with exponential complexity in respect of time, such as the Traveling 
Salesman Problem, cannot, starting from a certain data size, be solved in practice 
by any computational procedure that falls under the model of digital computation, 
due to the extremely long computation time involved. It could, on the other hand, 
be solved by procedures that fall under the model of quantum computation, as this 
type of computation allows for14 the exponential time-complexity barrier to be over-
come (Deutsch, 1985). Consequently, quantum virtual objects could perform tasks 
that require solving the Traveling Salesman Problem, whereas digital virtual objects 
cannot. Such tasks could concern, for example, the search for the shortest round-trip 
route for n cities (places) within a digital virtual object such as the Google Maps 
application.

From the perspective of Ingarden’s ontology, at least, the models of computation 
are objects existing in an ideal way, and their possible behavior is determined by 
the appropriate ideas. Ideas as such, according to Ingarden, have content that deter-
mines their possible references to objects falling under them. The content of an idea 
is a specific set of (necessary) dependencies, such that all objects (including ideal 
objects) falling under a given idea must, of necessity, fulfil these dependencies. In 
our case, these are the dependencies obtaining between elements of the model of 
computation (such as the contents of the tape, and the movement of the head, in the 
Universal Turing Machine model) and between a specific problem domain and the 
flow of operations within the model. Hence, we may assert not only that the virtual 

14  We write “allows for” here, because a necessary condition for a real surpassing of this barrier would 
be the development of an effectively realizable quantum computing technology.
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objects under consideration here straddle the boundary between reality and fiction-
ality, but also that, as one might say, they are hostages of ideal beings—or, more 
precisely, that they participate in the latter’s ideas. In these objects, the appropri-
ate ideal qualities, in the sense of the components of the content of their ideas, are 
concretized. These ideas determine both the scope of their possible invariance and 
the relationships that necessarily obtain between their components. Ontologically 
speaking, one may say that all the possible ways in which a computational virtual 
object may behave are indirectly predetermined by the content of the relevant idea.

Failure to take due note of this ideal form of predetermination constitutes a sig-
nificant shortcoming where the study of virtuality is concerned, as it leaves unac-
knowledged certain relationships to which a virtual object is necessarily exposed. At 
the level of our own experiences, the equivalent of these relationships is not so much 
the much-glorified one of immersion as, more often, the sense of sheer annoyance 
we feel as users when, in the absence of any other possibility, we are obliged to go 
through the subsequent stages of a certain procedure. And it sometimes happens that 
the user cannot do something, in that this is simply excluded by the content of the 
relevant ideas: much as when we come up against a contradiction, for instance. Of 
course, this is not to deny that for some users, the experience of necessity that arises 
in our dealings with machines themselves will count as something to be affirmed 
and enjoyed in the purest terms—in that for such a platonic user, the sheer order of 
necessity itself will count as the most beautiful thing in the world.

4.2 � Turing and Non‑Turing Models of Computation

Within the broad field of theoretically construed models of computation, special 
attention should be paid to the distinction between the Turing or digital model,15 
described formally under the framework of the Universal Turing Machine, and non-
Turing or non-digital models, which refer to various types of hypercomputation 
(Ord, 2006).16 Since the digital model is widely known, it need not be described 
here (see, e.g., Turing, 1936). However, it is, we think, worthwhile devoting some 
space to instances of the second type of model, especially with a view to pointing 
out a certain general strategy for defining these. This strategy consists in extending 
the idea of a Turing model by modifying at least one of its key features, where the 
latter are as follows:

a)	 discreteness (with respect to the data and states of the processing system),

15  It should be made clear that in the context of the present article, digital computing is understood more 
narrowly than discrete computing. Forms of the former are theoretically described using the model of 
the universal Turing machine, and are implemented in practice using digital machines (with different 
architectures and technical parameters). Discrete computations—such as involve the processing of dis-
tinguishable elements (symbols) by means of mechanisms with distinguishable states—include not only 
digital/Turing computations, but also infinitistic and strictly non-deterministic ones.
16  It is worth noting that the vast majority of data-processing systems currently in use, and therefore also 
the vast majority of virtual objects created using these, are digital (i.e. compliant with the Turing model 
at the basic level of computation).
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b)	 finiteness (a finite number of operations performed in a finite time), and
c)	 determinism (a well-defined data processing scheme).

We shall now seek to explain this in more detail with reference to the above:

as regards (a), replacing discreteness with some broader property of data-related 
continuity furnishes us with a model of analog-continuous computation (usually 
simply called ‘analog’) of the sort that makes possible the processing of continu-
ous signals, these being described mathematically with the use of real numbers;
as regards (b), rejecting finiteness as a feature of computation in favour of its con-
strual as infinite makes it possible to define different models of infinitistic (hyper)
computation, in the sense of those that allow one to perform an infinite number of 
operations in a finite time;
as regards (c), jettisoning the requirement of determinism in respect of subse-
quent steps of the process of computation leaves us with a model of indetermin-
istic computation, such as depends for its course on the occurrence of random 
events.

If we wish to grasp how the above-mentioned general distinctions are operative 
in the context of actual research, it is worth mentioning specific examples of each 
type of technique. Analog techniques include some generalizations of the traditional 
Shannon model (Pour-El, 1974; Shannon, 1941), as well as processing schemes 
specific to the idea of recurrent neural networks (Siegelmann, 1998); meanwhile, 
infinitistic techniques include the hypothetical computations of so-called ‘accelerat-
ing’ Turing machines (Shagrir, 2004) and ‘relativistic’ Turing machines (Hogarth, 
1994), while non-deterministic techniques certainly include quantum and evolution-
ary forms of computation (Michalewicz, 1992).17

Summarizing, we may conclude that there are different types of computational 
virtual object, determined by different models of computation, which fall under dif-
ferent ideas. Ontologically speaking, it can be asserted that through the relationships 
obtaining between their contents, the ideas of the aforementioned models predeter-
mine certain types of intentional object.

4.3 � Why Are Non‑Turing Models of Computation Ontologically Important?

Although theoretical considerations allow for the possibility of conducting non-
Turing computations, and thus for the possibility of the existence of CVOs other 
than digital ones, from the point of view of their practical implementation, the issue 

17  It is worth noting that the computing techniques mentioned in the above points are known as instances 
of ‘hypercomputation’ due to the fact that they are theoretically stronger than Turing computation. They 
are so in that they either allow one to solve problems incomputable under the Turing model (such as the 
halting problem), or permit one to solve problems that, under that model, are incomputable in practice 
(because, for instance, they exhibit exponential time complexity). The latter possibility pertains to quan-
tum computation.
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seems as yet unresolved. The negative conclusion (to the effect that non-digital 
CVOs cannot exist) is supported by the famous Church-Turing hypothesis, which 
has not been mathematically proven, but nevertheless has received a good inductive 
justification (Harel, 1987).18 In one version, this thesis says that “a function is effec-
tively computable if and only if it is computable using a universal Turing machine”, 
which can be interpreted as meaning that in no effective—that is, practically com-
putable—way of computing other than the Turing machine will it ever be possi-
ble. In other words, all physically feasible models of computation are taken to be 
computationally equivalent to the model expressed in terms of the universal Turing 
machine. If this thesis were true, virtual objects would then have to be such that all 
their real counterparts (i.e., virtual objects already subject to a process of making 
them real) would have to meet certain limitations imposed by the Turing model, 
so that—ontologically speaking—the content of the idea is understood to determine 
certain necessary relationships between the components of all possible and practi-
cally constructible virtual objects.

With reference to the strategy of expanding the Turing model, we can explain 
what the ontological difficulties are with the actual (and not only the theoretical) 
existence of non-digital CVOs. These stem from the fact that the theoretical con-
cepts of continuity (the basis of the analog techniques), infinity (the basis of the 
infinitistic techniques) and randomness (the basis of the indeterministic techniques) 
need not necessarily correspond to the world from which the real data carriers pro-
cessed by real devices have to come. For example, if the real world necessary for 
the realization of computation were to be discrete (quantized) and finite in every 
respect, then it would not be possible to construct any analog or infinitistic systems 
(despite having a perfectly good mathematical theory for the appropriate form of 
computation). For this reason, it would not be possible for there to be any CVOs 
corresponding to these systems or depending on their operation.

Despite our state of ignorance regarding the possibility of the physical exist-
ence of CVOs that are other than digital (in that the Church-Turing thesis remains 
an unresolved matter), from an ontological standpoint, considering alternative non-
Turing models of computation still looks to be a valuable exercise. We can treat 
these models as realizations of ideas that may or may not be involved where real 
CVOs are concerned. By studying some of their formal properties, we can obtain in 
advance important information about certain features of potential CVOs, doing so 
without prejudging the physical feasibility of some or all of the relevant models of 
computation. From an ontological point of view, such work—which is in fact math-
ematical—is certainly not to be dismissed. Ontology as such examines pure possi-
bilities and the necessary relationships between them. In the case of virtual objects 
subject to a process of becoming real, thanks to formal and ontological analysis, we 
can know in advance what may happen. In particular, computational virtual objects 

18  The point is that all mathematical models of universal programmable machines (which allow one to 
solve problems algorithmically) so far have been proven to be equivalent. In particular, they are equiva-
lent to the Turing model.
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can never exceed the limitations imposed by their respective ideas of models of 
computation.

5 � Natural Computing, and the Dependence of Some CVOs on Nature

5.1 � Types of Natural Computations

A separate group of computations—separate, that is, in the sense that it is not yet 
known to what extent their individual typologies can be captured using the above-
mentioned models—consists of so-called natural computations. This term refers 
broadly to the following: computations inspired by the observation of nature but 
without explicitly using observed natural processes (e.g., evolutionary ones, based 
on genetic algorithms), computations performed in ways that make use of naturally 
occurring processes and/or mediums (e.g., quantum ones), and processes occurring 
within nature itself (e.g., intra-brain processes) (Kari & Rozenberg, 2008; Rozen-
berg, Back and Kok, 2012). It is also worth mentioning here that within the contem-
porary philosophy of nature, there is a standpoint known as pancomputationalism, 
at the core of which lies the assumption that all natural processes possess a compu-
tational character (see the third of the above-mentioned possibilities), and that they 
can be adequately described by drawing principally on concepts and models from 
computer science (see the first and second possibilities mentioned above) (Polak, 
2017; Zenil, 2013).

Amongst natural computations, of particular interest in the present context will 
be those computations that are produced by humans, so that they do not count as 
natural in the pure sense of enjoying an existence in nature independent of human 
beings, but which nevertheless involve natural substrates and/or processes, and do 
so in a significant way. Here, it is necessary to draw attention to the phrase “in a 
significant way”, as this is meant to convey the thought that the effectiveness of sys-
tems based on this type of computation (e.g., as regards the time required for task 
completion) depends significantly on a particular reference to nature. The computa-
tions thus described include, on the one hand, quantum computations referring to 
the properties of inanimate nature (in that these are effective just inasmuch as they 
are carried out with the direct use of quantum phenomena), and, on the other hand, 
biological computations that use organic matter, such as DNA-based computations 
(de Castro, 2007; Rozenberg, Back and Kok, 2012). It seems that this same group 
also includes traditional analog computations involving macroscopic physical pro-
cesses: e.g., naturally occurring changes to electromagnetic fields within specially 
selected systems. Such processes allow one to determine the results of various kinds 
of integration, differentiation, etc., directly, without recourse to digital simulations 
(Shannon, 1941).

While natural computing counts in the current context of applied computer sci-
ence as a rather exotic field, given certain preliminary results (Kari & Rozenberg, 
2008; MacLennan, 2004) it seems reasonable to assume that computer systems will, 
in the future, use ‘natural’ solutions to at least some extent. Therefore, serious con-
sideration should also be given to CVOs based on natural computations.
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5.2 � The Gradational Character of References to Nature

Due to the potential importance of natural computations, we shall assume that due 
to certain physical prerequisites of natural computing also, virtuality is a gradational 
feature. What we have in mind here, to be more precise, is the gradationality of the 
references to nature necessarily involved—such that the more references a given 
CVO requires to fulfil its functions, the more real it will be, and thus also the less 
virtual, too.

It is clear that at the level of the real implementation of computations (and there-
fore also of the virtual objects coexisting with them), there is a certain dependence 
of computations on the properties of nature; this is due, for example, to the choice 
of a particular data carrier. In the case of natural computation, however, this depend-
ence is more fundamental, since it is strongly grounded at the level of the model of 
computation itself. This model may contain some necessary reference to regularities 
in the real world, which are described by the relevant laws of empirical science, such 
as the laws of quantum mechanics. The narrower the scope of the mentioned regu-
larities and laws, and therefore the more specific the systems or processes that have 
to be used, according to the model, in order to realize the computation in an efficient 
way, the greater the dependence of the computation on the properties of the world. 
For example, the model of quantum computation refers to regularities and laws that 
are more general (laws of physics) than some models of biological computation; the 
latter, therefore, require the realization of computations by means of more specific 
(also more complex) systems and processes. Consequently, in turn, quantum CVOs 
are less dependent on the properties of nature than CVOs based on the idea of bio-
logical computation. Note that the criterion sketched here—the one for stating the 
greater or lesser dependence of CVOs on properties of the real world—applies not 
only to computations of the sort that are called “natural”, but also to other computa-
tions, including digital or analog-continuous ones.

It follows from the above considerations that if different (not exclusively digital) 
models of computation were to be physically feasible, then depending on the idea of 
the model describing a given CVO (or, more precisely, the one capturing the com-
putation that underlies it), this object would have to be more or less dependent on 
nature.19 The minimum dependence, and thus the maximum degree of virtuality, is 
provided for by the digital (Turing) model: in this case, it is enough to use two dis-
tinguishable states and some very simple processes, such as move the reader right or 
left (when referring to the Turing machine model, that is, and not to real, physically 
and technologically advanced computers). Importantly, these states and processes, 
according to the theoretical model, do not require the use of any special physical 
substrate. A more significant dependence on nature, meanwhile, is necessitated by 
the idea of an analog-continuous model: for its realization, it is necessary to ‘take 

19  It should be emphasized that what we are talking about here is a form of dependence construed as 
obtaining on an elementary level (as reflected in a given model of computation), and not merely the 
degree of physical complexity that real devices happen to be exhibit when realizing computations 
described by a given model.
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out’ from nature a certain physical medium possessing an unlimited range of distin-
guishable states (Stacewicz, 2020). If such a medium did not exist in a real manner, 
every practical realization of this type of computation would in effect reduce the 
latter to a digital one. (In other words, the theoretical analog model would have no 
real equivalent.) At the same time, an even greater dependence characterizes com-
putations that follow the idea of a quantum model: their effectiveness and efficiency 
requires specifically that such quantum microstructures, and no alternatives, be used. 
Were we not to take these from nature, we would be unable to overcome the limits 
imposed by the exponential time complexity that affects certain problems (Deutsch, 
1985).

To sum up, even if we consider computations in purely theoretical terms referring to 
different models of computation falling under the idea of computation of a certain type, 
the various hypothetical computation types we can conceive of will impose specific 
‘constraints’ on CVO’s themselves, making them more or less dependent on nature.

Where applied computer science is concerned, current practice does indeed 
appear to lend further support to the above arguments. It turns out that when 
attempting to solve difficult optimization problems, computer scientists increasingly 
have recourse to nature: that is, they ‘calculate’ by using quantum microcircuits or 
biological systems such as DNA chains (Kari & Rozenberg, 2008, p. 78). In this way 
they engender objects that, because of the fact that they are dependent on nontrivial 
properties of nature in respect of their manner of existence and operation, cannot be 
said to be entirely virtual.

In conclusion, it must be stated that in the field of CVO design and implementa-
tion, and from both a theoretical and a practical perspective, a scale of gradations 
can be observed with respect to references to nature: the greater the dependence of 
the structure, course and effectiveness of computation on non-elementary proper-
ties of nature, the more natural, and so less intentional, the computation should be 
regarded as being. As a consequence, computationally grounded CVOs may rightly 
be regarded as being more or less virtual.

6 � Back to Ontology: Virtuality as a Gradational Feature 
in the Existential Sense

The foregoing arguments pertaining to models of computation show that at least 
some theoretically possible CVOs are dependent to a greater or lesser extent on 
processes occurring in nature, such as quantum phenomena (and with the degree 
to which this is the case being determined by the relevant model). On the one hand, 
these natural processes help to increase the effectiveness of CVOs’ control proce-
dures, while on the other, they impose physical limitations on CVOs themselves. 
These physical limitations are due to the fact that natural computing—so long as 
it is not to be reducible to digital computing—must be implemented using specific 
physical states and processes, governed by specific laws of empirical science. The 
latter form of dependence imposes certain limitations—greater than in the case of 
classical digital computation—on the products of consciousness that create virtual 
objects. It therefore limits the potency of intentional acts of consciousness. What 
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is more, the foundedness of certain virtual objects in nature may actually make it 
a great deal easier for them to become existentially autonomous, where this in turn 
may include becoming real in the sense of coming to exert a physical influence upon 
the natural environment. This is particularly evident in the case of computations 
involving natural substrates, such as real DNA chains or whole cells of living organ-
isms. Such an observation can, once again, open the way to some more general con-
siderations of an ontological nature.

The ontological properties of CVOs’ computational foundations allow for a spe-
cific stratification of the intensity of CVOs’ existences. Some CVOs will be sim-
ilar to created objects not rooted in any real objects, these being pure phantasms 
that cannot ever become real. An example of such objects would be virtual swords, 
acquired by players over the course of a computer game. Nevertheless, others will be 
much more closely related to real objects, and it can even be said that as an inten-
tional object such a CVO changes its way of existence, becoming real and turning 
into a part of the real world (Skowron, 2020). Consider, for instance, Google Maps, 
which as a virtual object may help to bring about the unblocking of traffic jams 
in one part of a city while creating them elsewhere. The process of becoming real 
is based on the fact that the CVO becomes existentially autonomous: the more it 
becomes existentially autonomous, the more real it is.

Becoming real is also possible thanks to the temporal specificity of virtual 
objects, as was stated in (Skowron, 2020). CVOs have a certain temporal structure: 
in particular, we can distinguish their past, future and present states. Being actual 
is specific to real objects (to the exclusion of ideal ones), so if some CVO turns out 
to be actual, it will also be real. In the context of Ingarden’s ontology, at least, the 
actuality of some being or other corresponds to its acting (in a direct and immediate 
sense). As seems to be the case with Google Maps, where virtual objects are directly 
present, they themselves are sources of action, and on this basis count as actual (for 
more details see Skowron, 2020).

At the same time, it should be noted that, contrary to Ingarden’s ontology, where 
the existential autonomy of a given object stems from its essence, the very nature of 
the computations that constitute a CVO may determine its greater or lesser degree of 
autonomy. This applies both at the level of the model of computation, in that some 
properties of the model as an ideal object necessarily imply a certain CVO, and at 
the level of specific algorithmic techniques, because, for instance, the use of self-
learning algorithms makes certain CVOs become more and more independent of 
the intentions of their creator. The only limitation imposed by the ideal being is that 
which consists in the fact of its predetermining the totality of possible solutions: it 
will not predetermine the specific solutions applied by a given CVO.

Of course, as we have just mentioned, the process of becoming real also has a 
physical undergirding. Becoming real can be more or less ‘facilitated’ by the use of 
one type of computation or another, where such computations are responsible for 
both the changes in the object over time and its potential impact on the physical 
environment. If we focus our attention on the second element, we cannot fail to note 
that the greater the rootedness of computations in nature (i.e., the more natural those 
computations are), the easier it will be for a given CVO to become real in the sense 
of exerting a real influence on its natural surroundings.
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If the above ontological analysis is correct, then the way in which CVOs exist 
should strike us as somewhat surprising: in spite of being ruled out as a possibil-
ity within the ontology of Ingarden, at least some CVOs are, in fact, objects that 
can change their way of existence. If an object changes its way of existence, it loses 
its identity. It is no longer itself. In this sense, then, we would have to say that a 
virtual object that has become real is already another object, and not the same one 
that it was before. Such ontologically fundamental transformations are bound to be a 
source of surprise for both IT-based ontologists and classical metaphysicians. CVOs 
thus turn out to be objects of a kind that call for new ontological research to be 
undertaken into questions of identity. For example, could the very existential iden-
tity of some being or other be a gradational matter, just as its existential autonomy 
is?

7 � Conclusions

Our thesis has been that virtuality straddles the divide between reality and fiction-
ality, it being anchored, ontologically, at one and the same time in both top-down 
and bottom-up terms. In the former case, thanks to the computation models realized 
within it, it is so in an ideal mathematical being. In the latter one, through both the 
references to nature involved in natural computations and processes of existential 
autonomization, it is so in real being. Thus, if we try to make sense of virtual objects 
in terms framed by an overly simplistic opposition between the real and the virtual, 
or study it through what are, in many cases, incidental properties such as simula-
tion, immersion, and interactivity, we will be guilty of flattening out significantly the 
ontological multidimensionality of virtuality. What is more, our proposed approach 
to virtuality has led to a recognition of it as a gradational mode of being, with the 
intensity of being of a given virtual object depending on its degree of existential 
autonomy/heteronomy and the degree of ‘naturalness’ of the computational pro-
cesses on which it is based. Put more generally, it should now be acknowledged that 
an object may be virtual to a greater or lesser extent. The more it is based on natural 
computations (and here we should remember that different models of computation 
assume a different range of necessary references to nature), or the more it becomes 
autonomous, the more real it becomes and the less intentional it will be.

Our analysis here has not sought to determine which models of computation are 
realizable in practice (as determined by some interpretation of the Church-Turing 
thesis). Our position is rather a pluralistic one, at least in the sense that it allows for 
the existence of various types of CVO, not only digital ones. The future construc-
tion of other types of object having their ideal point of reference in a model different 
from that of the Universal Turing Machine is treated as possible. On the other hand, 
we believe that the present inquiry has shed light on the question of how many onto-
logical elements virtual objects contain. In particular, we have found that the way of 
existence of virtual objects goes far beyond the popular opposition of ‘real versus 
fictional’. Since virtual objects are computationally grounded, with the consequence 
that ideal components of models of computation are realized in them and determine 
the framework governing their possible and necessary states, ideal beings are also 
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implicated as a realized part of their nature. An important lesson here is that such 
components of virtual objects can only be grasped if one is willing at the outset to 
adopt a broad-based ontological perspective: i.e., that of existential pluralism.

Even so, one must also admit—to sound a more guarded note—that virtual 
objects are ontological bastards. In our ontological analysis, we made use of the 
ontological tools introduced by Ingarden, yet we were also obliged to note that 
within the terms of his ontology it is not possible to envisage the mode of being of 
an entity changing without losing its identity in the process. The process of existen-
tial autonomization we have described is a change in the mode of being involved: it 
is a transition from existential heteronomy to autonomy. Thus, what we would like 
to think of as being an unbiased study of virtual objects has, it turns out, allowed 
a certain overall presumption of rigidity within our ontological frameworks (what 
we might call ‘the Parmenidean tendency’ within ontology) to be breached. This, 
we would like to think, constitutes a finding with the potential to significantly influ-
ence ontological research, while also confirming the intuition that virtual objects 
themselves pose an exceptional set of challenges for those engaged in the practice 
of ontological inquiry. Ingarden’s tools have certainly lent valuable support to the 
analysis of virtual objects, but just like with Wittgenstein’s ladder, having completed 
one’s ascent with their help they must be thrown away.
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